
RAF INHIBITOR COMPOUNDS AND METHODS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This non-provisional
application filed under 37 CFR 1.53Qo), claims the
benefit under 35 USC 119(e) of U.S. Provisional
Application Serial No. 60/650,050 . filed on February
4, 2005, which is incorporated by reference in
entirety. FIELD OF THE INVENTION [0002] In one aspect,
the invention relates to novel pyrazolyl compounds
which are inhibitors of Raf kinase, as well as
compositions containing these compounds and methods of
use. The pyrazolyl compounds are useful for inhibiting
Raf kinase and for treating disorders mediated
thereby. The invention also relates to methods of
using pyrazolyl compounds for in vitro, in situ, and
in vivo diagnosis or treatment of mammalian cells, or
associated pathological conditions. BACKGROUND OF THE
INVENTION [0003] The Raf/MEK/ERK (extracellular
signal-regulated kinase) kinase cascade is pivotal in
transmitting signals from membrane receptors to
transcription factors that control gene expression
culminating in the regulation of cell cycle
progression (Robinson, MJ and Cobb, MH (1997) Curr.
Opin. Cell Biol. 9:180-186). This cascade can prevent
cell death through ERK2 and p90(Rsk) activation and
phosphorylation of apoptotic and cell cycle regulatory
proteins (Shelton JG et al (2003) Oncogene.
22(16):2478-92). The PI3K/Akt kinase cascade also
controls apoptosis and can phosphorylate many
apoptotic and cell cycle regulatory proteins. These
pathways are interwoven as Akt can phosphorylate Raf
(Rapidly growing Fibrosarcoma) and result in its
inactivation, and Raf can be required for the
anti-apoptotic effects of Akt. Raf is a key
serine-threonine protein kinase which participates in
the transmission of growth, anti-apoptotic and
differentiation messages. These signals can be
initiated after receptor ligation and are transmitted
to members of the MAP kinase cascade that subsequently
activate transcription factors controlling gene
expression. Raf is a multigene family which expresses
oncoprotein kinases: Raf-1, A-Raf and B-Raf (McCubrey
JA. et al (1998) Leukemia. 12(12):1903-1929; Hcawa et
al (1988) MoI. and Cell. Biol. 8(6):265 1-2654;
Sithanandam et al (1990) Oncogene 5:1775-1780; Konishi
et al (1995) Biochem. and Biophys. Res. Comm.
216(2):526-534). AUthree Raf kinasesare functionally
present in certain human hematopoietic cells, and
their aberrant expression can result in abrogation of
cytokine dependency. Their regulatory mechanisms
differ because C-Raf and A-Raf require additional
serine and tyrosine phosphorylation within the N
region of the kinase domain for full activity (Mason
et al (1999) EMBO J. 18:2137-2148), and B-Raf has a
much higher basal kinase activity than either A-Raf or
C-Raf. The three Raf oncoproteins play critical roles
in the transmission of mitogenic and anti-apoptotic
signals. B-Raf has recently been shown to be
frequently mutated in various human cancers (Wan et al
(2004) Cell 116:855-867). Development of specific Raf
inhibitors may prove efficacious in cancer therapy.
The cytoplasmic serine/threonine kinase B-Raf and
receptor tyrosine kinases of the platelet-derived
growth factor receptor (PDGFR) family are frequently
activated in cancer by mutations of an equivalent
amino acid. Structural studies have provided important
insights into why these very different kinases share
similar oncogenic hot spots and why the PDGFR
juxtamembrane region is also a frequent oncogenic
target (Dibb NJ (2004) Nature Reviews. Cancer.
4(9):718-27). [0004] Transformation of normal
melanocytes into melanoma cells is accomplished by the
activation of growth stimulatory pathways, typically
leading to cellular proliferation, and the
inactivation of apoptotic and tumor suppressor
pathways. Small molecule inhibitors of proteins in the
growth stimulatory pathways are under active
investigation, and their application to melanoma
patients would represent a new 



treatment strategy to inhibit cell proliferation or
induce cell death (Polsky D. (2003) Oncogene,
22(20):3087-91; Konopleva, M et al. (2003) Blood,
102(1 l):625a). [0005] B-Raf encodes a Ras-regulated
kinase that mediates cell growth and malignant
transformation kinase pathway activation that controls
cell growth and survival. Activation of the
Ras/Raf/MEK pathway results in a cascade of events
from the cell surface to the nucleus ultimately
affecting cellular proliferation, apoptosis,
differentiation and transformation. Raf is a
downstream effector enzyme of Ras. When activated, Raf
goes on to activate MEKl and MEK2 kinases which in
turn phosphorylate and activate ERKl and ERK2 which
translocate to the nucleus where they stimulate
pathways required for translation initiation and
transcription activation leading to proliferation
(Sorbera et al. (2002) Drugs of the Future 27(12):1
141-1 147). Activating B-Raf mutations have been
identified in 66% of melanomas and a smaller
percentage of many other human cancers. B-Raf
mutations also account for the MAP kinase pathway
activation common in non-small cell lung carcinomas
(NSCLCs),including V600E and other mutations
identified as novel, altering residues important in
AKT-mediated B-Raf phosphorylation which suggest that
disruption of AKT-induced B-Raf inhibition can play a
role in malignant transformation. Although >90% of
B-Raf mutations in melanoma involve codon 600 (57 of
60), 8 of 9 B-Raf mutations reported to date in NSCLC
are non-V600 (89%; P < 10(-7)), strongly suggesting
that B-Raf mutations in NSCLC are qualitatively
different from those in melanoma; thus, there may be
therapeutic differences between lung cancer and
melanoma in response to Raf inhibitors (Karasarides et
al. (2004) Oncogene 23(37):6292-6298; Bollag et al.
(2003) Current Opinion in Invest. Drags 4(12):
1436-1441). Although uncommon, B-Raf mutations in
human lung cancers may identify a subset of tumors
sensitive to targeted therapy (Brose MS et al. (2002)
Cancer Research 62(23):6997-7000; US 2005/267060).
[0006] Raf protein kinases are key components of
signal transduction pathways by which specific
extracellular stimuli elicit precise cellular
responses in mammalian cells. Activated cell surface
receptors activate ras/rap proteins at the inner
aspect of the plasma membrane which in turn recruit
and activate Raf proteins. Activated Raf proteins
phosphorylate and activate the intracellular protein
kinases MEKl and MEK2. In turn, activated MEKs
catalyze phosphorylation and activation of p42/p44
mitogen-activated protein kinase (MAPK). A variety of
cytoplasmic and nuclear substrates of activated MAPK
are known which directly or indirectly contribute to
the cellular response to environmental change. In
fact, B-Raf mutation has been shown to predict
sensitivity to pharmacological MEK inhibition by small
molecule inhibitors by limiting tumor growth in B-Raf
mutant xenografts (Solit et al (2005) Nature Letters
to Editor 6 Nov 2005, doi:10.1038). Three distinct
genes have been identified in mammals that encode Raf
proteins; A-Raf, B-Raf and C-Raf (also known as Raf-1)
and isoformic variants that result from differential
splicing of mRNA are known. In particular, it has been
suggested that B-Raf is the major Raf isoform
activated by the neurotrophin, nerve growth factor
(NGF), for NGF induced extracellular signaling by
kinase activation (York et al. (2000) MoI. and Cell.
Biol. 20(2 ):8069-8083). [0007] Cancer chemotherapy
drugs typically have a narrow therapeutic index, and
often the responses produced are only just palliative
as well as unpredictable. In contrast, targeted
therapy that has been introduced in recent years is
directed against cancer-specific molecules and
signaling pathways and thus has more limited
nonspecific toxicities. Tyrosine kinases are an esp.
important target because they play an important role
in the modulation of growth factor signaling (Arora et
al. (2005) Jour of Pharm.and Exp. Ther.
315(3):971-979). Small molecule inhibitors of tyrosine
kinase compete with the ATP binding site of the
catalytic domain of several oncogenic tyrosine kinases
(Fabian et al. (2005) Nature Biotechnology
23(3):329-336). Several tyrosine kinase inhibitors
(TKIs) have been found to have effective antitumor
activity and have been . 



approved or are in clinical trials, including imatinib
mesylate (STI571; Gleevec), gefitinib (Iressa),
erlotinib (OSI-1774; Tarceva), lapatinib (GW-572016),
canertinib (CI- 1033), semaxinib (SU5416), vatalanib
(PTK787/ZK222584), sorafenib (BAY 43-9006), sutent
(SUl 1248), and leflunomide (SUlOl). TKIs are thus an
important new class of targeted therapy that interfere
with specific cell signaling pathways and thus allow
target-specific therapy for selected malignancies. The
Raf/MEK/ERK pathway is the focus of intense drug
discovery efforts (Thompson et al. (2005) Current
Opinion in Pharmacology 5(4):350-356; Sridhar et al
(2005) Molecular Cancer Therapeutics 4(4):677-685).
[0008] Inhibitors of Raf kinases have been suggested
for use in disruption of tumor cell growth and hence
in the treatment of cancers, e.g. histiocytic
lymphoma, lung adenocarcinoma, small cell lung cancer
and pancreatic and breast carcinoma; and also in the
treatment and/or prophylaxis of disorders associated
with neuronal degeneration resulting from ischemic
events, including cerebral ischemia after cardiac
arrest, stroke and multi-infarct dementia and also
after cerebral ischemic events such as those resulting
from head injury, surgery and/or during childbirth
(Strumberg et al. (2005) Onkologie 28(2):101-107).
Sorafenib (NEXAVAR(tm); BAY-43-9006; Bayer and Onyx)
is an oral cytostatic pan-kinase inhibitor, approved
by the FDA for advanced renal cell carcinoma, and is
being developed for the potential treatment of
additional, various cancers (Ahmad et al. (2004)
Clinical Cancer Res. 10(18, Pt. 2):6388S-6392S; Lee et
al. (2003) Current Opinion in Invest. Drugs
4(6):757-763). Sorafenib prevents tumor growth by
inhibition of tumor cell proliferation and tumor
angiogenesis (Clark et al. (2005) Clinical Cancer Res.
ll(15):5472-5480; Yu et al. (2005) Oncogene
24(46):6861- 6869; Wilhelm et al. (2004) Cancer Res.
64(19):7099-7109). [0009] Use of these targeted
therapies is not without limitations such as the
development of resistance and the lack of tumor
response in the general population. The availability
of newer inhibitors and improved patient selection
will help overcome these problems in the future. There
remains a significant need to develop Raf kinase
inhibitors for the treatment of solid tumorsSUMMARY OF
THE INVENTION [0010] In one aspect, the invention
relates to a group of novel compounds that are
inhibitors of Raf kinases, in particular inhibitors of
B-Raf kinase. The compounds of the invention can be
used in the treatment of hyperproliferative disorders
such as cancer. Certain hyperproliferative disorders
are characterized by the overactivation of Raf kinase
function, for example by mutations or overexpression
of the protein. Compounds of the invention are useful
in the treatment of melanoma and other cancers of the
skin, and at various stages of progression of the
disease. [0011] In one aspect, the compounds of the
invention include a group of novel pyrazole compounds
having Formulas Ia and Ib. [0012] and stereoisomers,
tautomers, solvates and pharmaceutically acceptable
salts thereof, wherein: [0013] the A-ring is: (i) a 5
or 6 membered heterocyclic ring having one or two
heteroatoms independently selected from O, N, and S,
(ii) a 5 or 6 membered carbocyclic ring optionally
fused to a 5 or 6 membered heterocycle, or (iii) a
phenyl ringwherein said heterocyclic, carbocyclic and
phenyl rings are optionally substituted with one or
more groups independently selected from F, Cl, Br, I,
-C(=Y)R20, -C(=Y)OR20, - C(=Y)NR20R2 1, NR20R2 1,
-NR20C(=Y)R2 1, -NR20C(=Y)OR2 1, -NR23C(=Y)NR20R2 1,
=NOR20, =NR20, =N+(O)OR20, =NNR20R2 1, =0, -OR20,
-OC(=Y)R20, -OC(=Y)OR20, - OCC=Y)NR20R2 1,
-OS(O)2(OR20) -OP(=Y)(OR20)(OR2 1), -OP(OR20)(OR2 1),
- PC=YXOR20)(OR2 1), -P(=Y)(OR)NR20R2 1, =S, -SR20,
-S(O)R20, -S(O)2R20, - S(O)2NR20R2 1, -S(O)(OR20),
-S(O)2(OR20), -SC(=Y)R20, -SC(=Y)OR20, - 



SC(=Y)NR20R2 1, C1- C8 alkyl, C2- C8 alkenyl,-C2- C8
alkynyl, C6- C20 aryl, C3- C12 carbocyclyl, C2- C20
heterocyclyl, and a protecting group, and wherein said
alkyl, alkenyl, alkynyl, aryl, carbocyclyl and
heterocyclyl are optionally and independently
substituted with one or more groups independently
selected from F, Cl, Br, I, -C(=Y)R20,-C(=Y)OR 20,
-C(=Y)NR 20R2 1, NR20R2 1 -NR20C(=Y)R 21, -NR20C(=Y)OR
2 1, - NR23C(=Y)NR 20R2 1, -OR20, -OC(=Y)R 20,
-OC(=Y)OR 20, -OC(=Y)NR 20R2 1, - OS(O)2(OR20)
-OP(=Y)(OR 20)(OR2 1), -OP(OR 20)(OR2 1) -P(=Y)(OR
20)(OR21), - P(=Y)(OR)NR 20R2 1, -SR20, -S(O)R20,
-S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR 20) - S(O)2(OR20),
-SC(=Y)R 20, -SC(=Y)OR 20, -SC(=Y)NR 20R2 1, C1- C8
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C6- C20 aryl,
C3- C12 carbocyclyl, and C - C20 heterocyclyl; [0014]
X is selected from a C2- C20 heterocyclyl, a C3- C12
carbocyclyl, and a C6- C20 aryl, wherein said
heterocycle, carbocyclyl and aryl are optionally
substituted with one or more groups independently
selected from F3 Cl, Br, I, -C(=Y)R , - C(=Y)OR20,
-C(=Y)NR 20R2 1, -NR20R2 1, -NR20C(=Y)R 2 1,
-NR20C(=Y)OR 2 1, - NR23C(=Y)NR 20R2 1, -OR20,
-OC(=Y)R 20, -OC(=Y)OR 20, -OC(=Y)NR 20R2 1, -
OS(O)2(OR20), -OP(=Y)(OR 20)(OR2 1), -OP(OR 20)(OR2
1), -P(=Y)(OR 20)(OR21), - P(=Y)(OR 23)NR20R2 1,
-SR20, -S(O)R20, -S(O)2R20, -S(O)2NR20R21, -S(O)(OR
20), - S(O)2(OR20), -SC(=Y)R 20, -SC(=Y)OR 20,
-SC(=Y)NR 20R2 1, 5-7 memberedring lactam, 5-7
membered ring lactone, 5-7 membered ring sultam, C1-
C8 alkyl, C2- C8 alkenyl, C2- C alkynyl, C3- C12
carbocyclyl, C6- C20 aryl, and C2- C20 heterocyclyl,
wherein said alkyl, alkenyl, alkynyl, carbocyclyl,
more groups independently selected from F, Cl, Br, I,
OR20, NR20R2 1 -SR20, -aryl, and heterocyclyl are
optionally substituted with one or S(O)R20, -S(O)2R20,
alkyl, alkenyl, alkynyl, carbocyclyl, aryl, and
heterocyclyl; [0015] R1 is selected from H, C1- C8
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, (C1- C8alkyl)NR
20R2 1, C2- C20 heterocyclyl, C3- C12 carbocyclyl, and
C6- C20 aryl, wherein said alkyl, alkenyl, alkynyl,
heterocycle, carbocyclyl and aryl are optionally
substituted with one or more groups independently
selected from F, Cl, Br, I, -C(=Y)R 20, - C(=Y)OR20,
-C(=Y)NR 20R2 1, -NR20R2 1, OR20, CN, C(O)NR 20R2 1,
C(=O)OR20, alkyl, (C1-CSaIlCyI)NR20R2 1, and
heterocyclyl; [0016] R2 is selected from H, F, Cl, Br,
I, -C(=Y)R 20, -C(=Y)OR 20, - C(=Y)NR20R2 1, -OR20,
-OC(=Y)R 20, -OC(=Y)OR 20, -OC(=Y)NR 20R2 1,
-OS(O)2(OR20), -OP(=Y)(OR 20)(OR2 1), -OP(OR 20XOR2
1), -P(=Y)(OR 20)(OR2 1), -P(=Y)(OR)NR 20R2 1, - SR20,
-S(O)R 20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR 20),
-S(O)2(OR20), -SC(=Y)R 20, - SC(=Y)OR 20,
-SC(=Y)NR20R2 1, 5-7 membered ring lactam, 5-7
membered ring lactone, 5-7 membered ring sultam, C1-
C8 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C3- C12
carbocyclyl, C6- C20 aryl, and C2- C2 heterocyclyl,
wherein said alkyl, alkenyl, alkynyl, carbocyclyl,
aryl, and heterocyclyl are optionally substituted with
one or more groupsindependently selected from F, Cl,
Br, I, OR20, NR20R21 -SR20, -S(O)R20, -S(O)2R20,
alkyl, alkenyl, alkynyl, carbocyclyl, aryl, and
heterocyclyl, [0017] or R1 and R2 of Formula Ia
together with the atoms to which they are attached
optionally form a saturated, partially unsaturated or
aromatic 5 or 6 membered fused heterocycle ring having
at least two heteroatoms independently selected from
O, N and S, wherein said heterocycle ring is
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -C(=Y)R20,
-C(=Y)OR20, -C(=Y)NR20R2 1, - NR20R2 1, -NR20C(=Y)R2
1, -NR20C(=Y)OR2 1, -NR23Q=Y)NR 20R2 1, -OR20,
-OC(=Y)R20, -OC(=Y)OR20, -OC(=Y)NR20R2 1,
-OS(O)2(OR20), -OP(=Y)(OR 20)(OR21), - OP(OR20XOR2 1),
-P(=Y)(OR 20)(OR21), -P(=Y)(OR23)NR20R2 1, -SR20,
-S(O)R20, - S(O)2R20, -S(O)2NR20R2 1 -S(O)(OR20),
-S(O)2(OR20), -SC(=Y)R20, -SC(=Y)OR20, - SC(^Y)NR 20R2
1, 5-7 membered ring lactam, 5-7 membered ring
lactone, 5-7 membered ring sultam, C1-Cg alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C6- C20
aryl, and C2- C O heterocyclyl, wherein said alkyl,
alkenyl, alkynyl, carbocyclyl, aryl, and heterocyclyl
are optionally substituted with one or more groups
independently 



selected from F, Cl, Br, I, OR20,NR20R2 1 -SR20,
-S(O)R20, -S(O)2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl; [0018] R3, R4,
and R5 are independently selected from H, F, Cl, Br,
I, -C(=Y)R20, -C(=Y)OR20, -CO=Y)NR20R2 1, -NR20R2 1,
-NR20C(^Y)R2 1, -NR20C(=Y)OR2 1, - NR23C(^Y)NR 20R21,
-OR20, -OC(=Y)R20, -OC(=Y)OR20, -OC(=Y)NR20R2 1, -
OS(O)2(OR20), -OP(=Y)(OR 20)(OR2 1), -OP(OR20)(OR2 1),
-P(=Y)(OR20)(OR21), - P(=Y)(OR 23)NR20R2 1, -SR20,
-S(O)R20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR20), -
S(O)2(OR20), -SC(=Y)R20, -SC(=Y)OR20, -SC(=Y)NR20R2 1,
5-7 membered ring lactam, 5-7 membered ring lactone,
5-7 membered ring sultam, C1- C alkyl, C2- C8 alkenyl,
C2- C8 alkynyl, C3- C12 carbocyclyl, C6- C20 aryl, and
C2- C20 heterocyclyl, wherein said alkyl, alkenyl,
alkynyl, carbocyclyl, aryl, and heterocyclyl are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, OR20, NR20R2
1 -SR20, -S(O)R20, -S(O)2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl; [0019] R20 and R2
1 are independently selected from H, C - C8 alkyl, C2-
C8 alkenyl, C2- C8 alkynyl, C6- C2 aryl, C2- C20
heterocyclyl, and a protecting group, wherein said
alkyl, alkenyl, alkynyl, aryl, and heterocyclyl are
optionally and independently substituted with one or
more groups independently selected from F, Cl, Br, I,
-C(=Y)Ra, -C(=Y)ORa, -C(=Y)NRaRb, -0R a, -0C(=Y)R a,
-0C(=Y)0R a, - 0C(=Y)NR aRb, -OS(O)2(ORa),
-OP(=Y)(ORa)(ORb), -OP(ORa)(ORb), -P(=Y)(ORa)(ORb),
-P(=Y)(OR)NRaRb, -SRa, -S(O)Ra -S(O)2R , -S(O)2NRaRb,
- S(O)(ORa), -S(O)2(ORa), -SC(=Y)Ra, -SC(=Y)ORa, and
-SC(=Y)NRaRb, [0020] or R20 and R2 1 together with the
atoms to which they are attached form a heterocyclic
ring, wherein said heterocyclic ring is optionally
substituted with one or more groups independently
selected from F, Cl, Br, I, alkyl, alkenyl and
alkynyl; [0021] R23 is H, C1- C8 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C6- C20 aryl, C2- C2
heterocyclyl, or a protecting group; [0022] Ra and Rb
are independently H, C1- C8 alkyl, C2- C8 alkenyl, C2-
C8 alkynyl, C6- C2O aryl, or C2- C2 heterocyclyl;
[0023] Y is independently O, S,NR20, N(O)R 20,
N(OR20), (O)(OR20), or N-NR 20R2 1; and [0024]
protecting group is selected from trialkylsilyl,
dialkylphenylsilyl, benzoate, benzyl, benzyloxymethyl,
methyl, methoxymethyl, triarylmethyl, phthalimido,
t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBz),
9-fluorenylmethylenoxycarbonyl (Fmoc), and
tetraliydropyranyl. [0025] One aspect of the invention
is to provide methods of inhibiting Raf kinase
activity by contacting these enzymes with an effective
inhibitory amount of the novel inhibitors of the
present invention, or a composition containing these
compounds. [0026] Another aspect of the invention are
methods of treating such as, but not limited to, a
hyperproliferative disorder (e.g., cancer),
cardiovascular disease, neurodegenerative disease, or
inflammatory disease, , by administering to a mammal
in need of such treatment an effective amount of one
or more compounds of the invention, or a composition
containing the compound and a carrier or excipient.
[0027] Another aspect of the invention are methods of
treating cancer by administering to a mammal in need
of such treatment an effective amount of one or more
compounds of the invention in combination with one or
more additional compounds having anti-cancer
properties. [0028] This invention also provides a
compound of this invention for use in treating a
disease or disorder such as, but not limited to, a
hyperproliferative disorder (e.g., cancer),
cardiovascular disease, neurodegenerative disease, or
inflammatory disease. [0029] An additional aspect of
the invention is the use of a compound of this 



invention in the preparation of a medicament for the
treatment or prevention of adisease or disorder such
as, but not limited to, a hyperproliferative disorder
(e.g., cancer), cardiovascular disease,
neurodegenerative disease, or inflammatory disease.
[0030] Another aspect of the invention includes
articles of manufacture, i.e. kits, comprising a
pyrazolyl compound of Formulas Ia or Ib, a container,
and a package insert or label indicating a treatment.
[0031] Another aspect of the invention includes
methods of preparing, methods of synthesis, methods of
separation, and methods of purification of the
pyrazolyl compounds of Formula Ia and Ib. hi addition,
the invention includes novel intermediates for
preparing the pyrazolyl compounds of Formula Ia and
Ib. [0032] Additional advantages and novel features of
this invention shall be set forth in part in the
description that follows, and in part will become
apparent to those skilled in the art upon examination
of the following specification or may be learned by
the practice of the invention. The advantages of the
invention may be realized and attained by means of the
instrumentalities, combinations, compositions, and
methods particularly pointed out in the appended
claims. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0033] Reference will now be made in detail to certain
embodiments of the invention, examples of which are
illustrated in the accompanying structures and
formulas. While the invention will be described in
conjunction with the enumerated embodiments, it will
be understood that they are not intended to limit the
invention to those embodiments. On the contrary, the
invention is intended to cover all alternatives,
modifications, and equivalents, which may be included
within the scope of the present invention as defined
by the claims. One skilled in the art will recognize
many methods and materials similar or equivalent to
those described herein, which could be used in the
practice of the present invention. The present
invention is in no way limited to the methods and
materials described. In the event that one or more of
the incorporated literature, patents, and similar
materials differs from or contradicts this
application, including but not limited to defined
terms, term usage, described techniques, or the like,
this application controls. DEFINITIONS [0034] Unless
stated otherwise, the following terms and phrases as
used herein are intended to have the following
meanings: [0035] The term "alkyl" as used herein
refers to a saturated linear or branchedchain
monovalent hydrocarbon radical of one to eighteen
carbon atoms, wherein thealkyl radical may be
optionally substituted independently with one or more
substituents described below. Examples of alkyl groups
include C1- C8 hydrocarbon moieties such as methyl
(Me, -CH3), ethyl (Et, -CH2CH3), 1-propyl (n-Pr,
n-propyl, -CH2CH2CH3), 2- propyl (i-Pr, i-propyl,
-CH(CH3)2), 1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3) 2-
methyl-1 -propyl (i-Bu, i-butyl, -CH2CH(CH3)2),
2-butyl (s-Bu, s-butyl, - CH(CH3)CH2CH3),
2-methyl-2-propyl (t-Bu, t-butyl, -C(CH3)3), 1-pentyl
(n-pentyl, - CH2CH2CH2CH2CH3), 2-pentyl
(-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2-
methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl
(-CH(CH3)CH(CH3)2) 3-methyl- 1-butyl
(-CH2CH2CH(CH3)2), 2-methyl-l -butyl
(-CH2CH(CH3)CH2CH3), 1-hexyl (- CH2CH2CH2CH2CH2CH3),
2-hexyl (-CH(CH 3)CH 2CH2CH2CH3) , 3-hexyl (- CH(CH
2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl
(-C(CHs)2CH2CH2CH3), 3-methyl-2- pentyl (-CH(CH
3)CH(CH 3)CH 2CH3) , 4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3- methyl-3-pentyl
(-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl
(-CH(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl
(-C(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl
(-CH(CH3)C(CH3)3, 1- heptyl, 1-octyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. Alkyl groups are optionally substituted
independently with one or more substituents described
herein. 



[0036] The term "alkenyl" refers to linear or
branched-chain monovalent hydrocarbon radical of two
to eighteen carbon atoms with at least one site of
unsaturation, i.e., a carbon-carbon, sp2 double bond,
wherein the alkenyl radical may be optionally
substituted independently with one or more
substituents described herein, and includes radicals
having "cis" and "trans" orientations, or
alternatively, "E" and "Z" orientations. Examples
include, but are not limited to, ethylenyl or vinyl
(-CH=CH2), allyl (-CH2CH=CH2), 1-cyclopent-l-enyl,
l-cyclopent-2-enyl, l-cyclopent-3-enyl, 5- hexenyl,
1-cyclohex-l-enyl, l-cyclohex-2-enyl, and
l-cyclohex-3-enyl. Alkenyl groups are optionally
substituted independently with one or more
substituents described herein. [0037] The term
"alkynyl" refers to a linear or branched monovalent
hydrocarbon radical of two to eighteen carbon atoms
with at least one site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl
radical may be optionally substituted independently
with one or more substituents described herein.
Examples include, but are not limited to, ethynyl
(-CCH) and propynyl (propargyl, -CH2CCH). Alkynyl
groups are optionally substituted independently with
one or more substituents described herein.[0038]
"Alkylene" refers to a saturated, branched or straight
chain or cyclic hydrocarbon radical of 1-18 carbon
atoms, and having two monovalent radical centers
derived by the removal of two hydrogen atoms from the
same or two different carbon atoms of a parent alkane.
Typical alkylene radicals include, but are not limited
to, methylene (-CH2-) 1,2-ethyl (-CH2CH2-), 1,3-propyl
(-CH2CH2CH2-), 1,4-butyl (- CH2CH2CH2CH2-), and the
like. Alkylene groups are optionally substituted
independently with one or more substituents described
herein. [0039] "Alkenylene" refers to an unsaturated,
branched or straight chain or cyclic hydrocarbon
radical of 2-18 carbon atoms, and having two
monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different
carbon atoms of a parent alkene. Typical alkenylene
radicals include, but are not limited to, 1,2-
ethylene (-CH=CH-). Alkenylene groups are optionally
substituted independently with one or more
substituents described herein. [0040] "Alkynylene"
refers to an unsaturated, branched or straight chain
or cyclic hydrocarbon radical of 2-18 carbon atoms,
and having two monovalent radical centers derived by
the removal of two hydrogen atoms from the same or two
different carbon atoms of a parent alkyne. Typical
alkynylene radicals include, but are not limited to,
acetylene (-C C-), propargyl (-CH2C C-), and
4-pentynyl (-CH2CH2CH2C C-). Alkynylene groups are
optionally substituted independently with one or more
substituents described herein. [0041] "Aryl" means a
monovalent aromatic hydrocarbon radical of 6-20 carbon
atoms derived by the removal of one hydrogen atom from
a single carbon atom of a parent aromatic ring system.
Some aryl groups are represented in the exemplary
structures as "Ar". Aryl includes a bicyclic radical
comprising an aromatic ring with a fused nonaromatic
or partially saturated ring. Typical aryl groups
include, but are not limited to, radicals derived from
benzene, substituted benzene, naphthalene, anthracene,
biphenyl, indenyl, indanyl, 1,2-dihydronapthalene,
1,2,3,4-tetrahydronapthyl, and the like. Aryl groups
are optionally substituted independently with one or
more substituents described herein. [0042] The terms
"heterocycle," "heterocyclyl", "heterocyclic ring" and
"heteroaryl" refer to a saturated, a partially
unsaturated (i.e., having one or more double and/or
triple bonds within the ring), or aromatic carbocyclic
radical of 3 to 20 ring atoms in which at least one
ring atom is a heteroatom independently selected from
nitrogen, oxygen and sulfur, the remaining ring atoms
being carbon, where one or morering atoms is
optionally substituted independently with one or more
substituents described below. A heterocycle may be a
monocycle having 3 to 7 ring members (2 to 6 



carbon atoms and 1 to 3 heteroatoms selected from N,
O, P, and S) or a bicycle having 7 to 10 ring members
(4 to 9 carbon atoms and 1 to 3 heteroatoms selected
from N, O, P, and S)5 for example: a bicyclo [4,5],
[5,5], [5,6], or [6,6] system. Heterocycles are
described in Paquette, Leo A.; "Principles of Modern
Heterocyclic Chemistry" (W.A. Benjamin, New York,
1968), particularly Chapters 1, 3, 4, 6, 7, and 9;
"The Chemistry of Heterocyclic Compounds, A series of
Monographs" (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 19, and
28; and J. Am. Chem. Soc. (1960) 82:5566. The
heterocyclyl may be a carbon-linked radical or
heteroatom-linked radical. The term "heterocycle"
includes heterocycloalkoxy. "Heterocyclyl" also
includes radicals where heterocycle radicals are fused
with a carbocyclic, heterocyclic, aromatic or
heteroaromatic ring. Examples of heterocyclic radicals
include, but are not limited to, pyrrolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2-pyrrolinyl, 3-pyrrolinyl,
indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl,
dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl,
3-azabicyco[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl, azabicyclo[2.2:2]hexanyl,
3H-indolyl quinolizinyl and Npyridyl ureas. Spiro
moieties are also included within the scope of this
definition. Examples of a heterocyclic group wherein 2
ring carbon atoms are substituted with oxo (=0)
moieties are pyrimidinonyl and
1,1-dioxo-thiomorpholinyl. The heterocycle groups
herein are optionally substituted independently with
one or more substituents described herein. [0043] The
term "heteroaryl" includes 1) monocyclic aromatic 5-,
6-, and 7- membered rings containing one or more
heteroatoms independently selected from nitrogen,
oxygen, and sulfur, and 2) fused ring systems of 8 to
20 atoms wherein at least one aromatic ring contains
one or more heteroatoms independently selected from
nitrogen, oxygen, and sulfur. Examples of heteroaryl
groups are pyridinyl (including, for example,
2-hydroxypyridinyl), imidazolyl, imidazopyridinyl,
pyrimidinyl (including, for example,
4-hydroxypyrimidinyl), pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
quinolinyl, isoquinolinyl,indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, triazolyl,
thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. Heteroaryl groups are optionally
substituted independently with one or more
substituents described herein. [0044] The heterocycle
may be C-attached or N-attached where such is
possible. By way of example and not limitation, carbon
bonded heterocycles are bonded at position 2, 3, 4, 5,
or 6 of a pyridine, position 3, 4, 5, or 6 of a
pyridazine, position 2, 4, 5, or 6 of a pyrimidine,
position 2, 3, 5, or 6 of a pyrazine, position 2, 3,
4, or 5 of a furan, tetrahydrofuran, thiofuran,
thiophene, pyrrole or tetrahydropyrrole, position 2,
4, or 5 of an oxazole, imidazole or thiazole, position
3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4
of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a
quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an
isoquinoline. (2- pyridyl, 3-pyridyl, 4-pyridyl,
5-pyridyl, 6-pyridyl). [0045] By way of example and
not limitation, nitrogen bonded heterocycles are
bonded at position 1 of an aziridine, azetidine,
pyrrole, pyrrolidine, 2-pyrroline, 3- pyrroline,
imidazole, imidazolidine, 2-imidazoline,
3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline,
3-pyrazoline, piperidine, piperazine, indole,
indoline, lH-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholine, and position
9 of a 



carbazole, or b-carboline. [0046] "Carbocycle",
"carbocyclyl" and "cycloalkyl" mean a non-aromatic,
saturated or unsaturated ring having 3 to 12 carbon
atoms as a monocycle or 7 to 12 carbon atoms as a
bicycle. Monocyclic carbocycles have 3 to 6 ring
atoms, still more typically 5 or 6 ring atoms.
Bicyclic carbocycles have 7 to 12 ring atoms, e.g.
arranged as a bicyclo [4,5], [5,5], [5,6] or [6,6]
system, or 9 or 10 ring atoms arranged as a bicyclo
[5,6] or [6,6] system, or as bridged systems such as
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, and
bicyclo[3.2.2]nonane. Examples of monocyclic
carbocycles include cyclopropyl, cyclobutyl,
cyclopentyl, 1-cyclopent-l-enyl, l-cyclopent-2-enyl,
1- cyclopent-3-enyl, cyclohexyl, 1-cyclohex-l-enyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, and cyclododecyl. [0047] "Substituted
alkyl", "substituted aryl", "substituted
heterocyclyl", and "substituted carbocyclyl" mean
alkyl, aryl, heterocyclyl and carbocyclyl
respectively, in which one or more hydrogen atoms are
each independently replaced with a substituent.Typical
substituents include, but are not limited to, X, R, O
, -OR, -SR, -NR2, -NR3, =NR, =N-0R, =0, -CX3, -CN,
-OCN, -SCN, -N=C=O, -NCS, -NO, -NO2, =N2, -N3,
NC(=0)R, -C(=O)R, -C(=O)NR2, -SO3 -SO3H, -S(=O)2R,
-OS(=O)2OR, -S(=O)2NR, - S(=O)R, -OP(=O)(OR)2, -
P(=O)(OR)2, -PO3, -PO3H2, -C(=O)R, -C(=O)X, -C(=S)R, -
CO2R, -CO2 , -C(=S)OR, -C(O)SR, -C(=S)SR, -C(=0)NR 2,
-C(=S)NR2, and - C(=NR)NR2, where each X is
independently a halogen (F, Cl, Br, or I), and each R
is independently H, C1- C1 alkyl, C6- C20 aryl, C3-
C14 heterocycle, protecting group or prodrug moiety.
Alkylene, alkenylene, and alkynylene groups as
described above may also be similarly substituted.
[0048] The terms "treat" or "treatment" refer to both
therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow
down (lessen) an undesired physiological change or
disorder, such as the development or spread of cancer.
For purposes of this invention, beneficial or desired
clinical results include, but are not limited to,
alleviation of symptoms, diminishment of extent of
disease, stabilized (i.e., not worsening) state of
disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and
remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean
prolonging survival as compared to expected survival
if not receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0049] The phrase "therapeutically
effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the
particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. In the case of cancer,
the therapeutically effective amount of the drug may
reduce the number of cancer cells; reduce the tumor
size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxic. For cancer therapy,
efficacy can, for example, be measuredby assessing the
time to disease progression (TTP) and/or determining
the response rate (RR). [0050] The term
"bioavailability" refers to the systemic availability
(i.e., blood/plasma levels) of a given amount of drug
administered to a patient. 



Bioavailability is an absolute term that indicates
measurement of both the time (rate) and total amount
(extent) of drug that reaches the general circulation
from an administered dosage form. [0051] The terms
"cancer" and "cancerous" refer to or describe the
physiological condition in mammals that is typically
characterized by unregulated cell growth. A "tumor"
comprises one or more cancerous cells. Examples of
cancer include, but are not limited to, carcinoma,
lymphoma, blastoma, sarcoma, and leukemia or lymphoid
malignancies. More particular examples of such cancers
include squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including small-
cell lung cancer, non-small cell lung cancer
("NSCLC"), adenocarcinoma of the lung and squamous
carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, rectal cancer, colorectal cancer, endometrial
or uterine carcinoma, salivary gland carcinoma, kidney
or renal cancer, prostate cancer, vulval cancer,
thyroid cancer, hepatic carcinoma, anal carcinoma,
penile carcinoma, as well as head and neck cancer.
[0052] The term "prodrug" as used in this application
refers to a precursor or derivative form of a
pharmaceutically active substance that is less
cytotoxic to tumor cells compared to the parent drug
and is capable of being enzymatically or
hydrolytically activated or converted into the more
active parent form. See, e.g., Wilman, "Prodrugs in
Cancer Chemotherapy" Biochemical Society Transactions,
14, pp. 375-382, 615th Meeting Belfast (1986) and
Stella et al., "Prodrugs: A Chemical Approach to
Targeted Drug Delivery," DirectedDrug Delivery,
Borchardt et al., (ed.), pp. 247-267, Humana Press
(1985). The prodrugs of this invention include, but
are not limited to, phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfatecontaining
prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs or optionally
substituted phenylacetamidecontaining prodrugs,
5-fluorocytosine and other 5-fluorouridine prodrugs
which can beconverted into the more active cytotoxic
free drug. Examples of cytotoxic drugs that can be
derivatized into a prodrug form for use in this
invention include, but are not limited to, those
chemotherapeutic agents described above. [0053] A
"liposome" is a small vesicle composed of various
types of lipids, phospholipids and/or surfactant which
is useful for delivery of a drug (such as the Raf
inhibitors disclosed herein and, optionally, a
chemotherapeutic agent) to a mammal. The components of
the liposome are commonly arranged in a bilayer
formation, similar to the lipid arrangement of
biological membranes. [0054] The term "package insert"
is used to refer to instructions customarily included
in commercial packages of therapeutic products, that
contain information about the indications, usage,
dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic
products. [0055] The term "chiral" refers to molecules
which have the property of nonsuperimposability of the
mirror image partner, while the term "achiral" refers
to molecules which are superimposable on their mirror
image partner. [0056] The term "stereoisomers" refers
to compounds which have identical chemical
constitution, but differ with regard to the
arrangement of the atoms or groups in space. [0057]
"Diastereomer" refers to a stereoisomer with two or
more centers of chirality and whose molecules are not
mirror images of one another. Diastereomers have
different physical properties, e.g. melting points,
boiling points, spectral properties, 



and reactivities. Mixtures of diastereomers may
separate under high resolution analytical procedures
such as electrophoresis and chromatography. [0058]
"Enantiomers" refer to two stereoisomers of a compound
which are nonsuperimposable mirror images of one
another. [0059] Stereochemical definitions and
conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984)
McGraw-Hill Book Company, New York; and Eliel, E. and
Wilen, S., "Stereochemistry of Organic Compounds",
John Wiley & Sons, Inc., New York, 1994. Many organic
compounds exist in optically active forms, i.e., they
have the ability to rotate the plane of planepolarized
light. In describing an optically active compound, the
prefixes D and L, or R and S, are used to denote the
absolute configuration of the molecule about its
chiral center(s). The prefixes d and 1or (+) and (-)
are employed to designate the sign of rotation of
plane-polarized light by the compound, with (-) or 1
meaning that thecompound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given
chemical structure, these stereoisomers are identical
except that they are mirror images of one another. A
specific stereoisomer may also be referred to as an
enantiomer, and a mixture of such isomers is often
called an enantiomeric mixture. A 50:50 mixture of
enantiomers is referred to as a racemic mixture or a
racemate, which may occur where there has been no
stereoselection or stereospecificity in a chemical
reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity.
[0060] The phrase "pharmaceutically acceptable salt,"
as used herein, refers to pharmaceutically acceptable
organic or inorganic salts of a compound of the
invention. Exemplary salts include, but are not
limited, to sulfate, citrate, acetate, oxalate,
chloride, bromide, iodide, nitrate, bisulfate,
phosphate, acid phosphate, isonicotinate, lactate,
salicylate, acid citrate, tartrate, oleate, tannate,
pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p
- toluenesulfonate, and pamoate (i.e.,
l,l'-methylene-bis -(2-hydroxy-3-naphthoate)) salts. A
pharmaceutically acceptable salt may involve the
inclusion of another molecule such as an acetate ion,
a succinate ion or other counter ion. The counter ion
may be any organic or inorganic moiety that stabilizes
the charge on the parent compound. Furthermore, a
pharmaceutically acceptable salt may have more than
one charged atom in its structure. Instances where
multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple
counter ions. Hence, a pharmaceutically acceptable
salt can have one or more charged atoms and/or one or
more counter ion. [0061] A "solvate" refers to an
association or complex of one or more solvent
molecules and a compound of the invention. Examples of
solvents that form solvates include, but are not
limited to, water, isopropanol, ethanol, methanol,
DMSO, ethyl acetate, acetic acid, and ethanolamine.
The term "hydrate" refers to the complex where the
solvent molecule is water. [0062] The term "protecting
group" or "Pg" refers to a substituent that is
commonly employed to block or protect a particular
functionality while reacting other functional groups
on the compound. For example, an "amino-protecting
group" is a substituent attached to an amino group
that blocks or protects the amino functionality in the
compound. Suitable amino-protecting groups include
acetyl, trifluoroacetyl, phthalimido, t-butoxycarbonyl
(BOC), benzyloxycarbonyl (CBz) and
9-fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a
"hydroxy-protecting group" refers to a substituent of
a hydroxy group that blocks or protects the hydroxy
functionality. Suitable hydroxy-protecting groups
include acetyl, trialkylsilyl, dialkylphenylsilyl,
benzoyl, benzyl, benzyloxymethyl, methyl,
methoxymethyl, triarylmethyl, and tetrahydropyranyl. A
"carboxy-protecting group" refers to a substituent of
the carboxy 



group that blocks or protects the carboxy
functionality. Common carboxy-protecting groups
include -CH2CH2SO2Ph, cyanoethyl,
2-(trimethylsilyl)ethyl, 2-
(trimethylsilyl)ethoxymethyl,
2-(p-toluenesulfonyl)ethyl,
2-(p-nitrophenylsulfenyl)ethyl,
2-(diphenylphosphino)-ethyl, nitroethyl and the like.
For a general description of protecting groups and
their use, see T.W. Greene and P. Wuts, Protective
Groups in Organic Synthesis, Third Ed., John Wiley &
Sons, New York, 1999; and P. Kocienski, Protecting
Groups, Third Ed., Verlag, 2003. [0063] The term
"animal" refers to humans (male or female), companion
animals (e.g., dogs, cats and horses), food-source
animals, zoo animals, marine animals, birds and other
similar animal species. [0064] The phrase
"pharmaceutically acceptable" indicates that the
substance or composition must be compatible chemically
and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being
treated therewith. PYRAZOLYL RAF INHIBITOR COMPOUNDS
[0065] The present invention provides compounds having
Formulas Ia and Ib, and pharmaceutical formulations
thereof, that are potentially useful in the treatment
of diseases, conditions and/or disorders modulated by
Raf kinases. Formula Ia and Ib compounds include:
[0066] and stereoisomers, tautomers, solvates and
pharmaceutically acceptable salts thereof, wherein:
[0067] the A-ring is: (i) a 5 or 6 membered
heterocyclic ring having one or two heteroatoms
independently selected from O, N, and S, (ii) a 5 or 6
memberedcarbocyclic ring optionally fused to a 5 or 6
membered heterocycle, or (iii) a phenyl ring, wherein
said heterocyclic, carbocyclic and phenyl rings are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -C(=Y)R 20,
-C(=Y)OR 20, - C(=Y)NR 20R21,NR20R2 1, -NR20C(=Y)R 21,
-NR20C(=Y)OR 2 1, -NR23C(=Y)NR 20R2 1, =NOR20, =NR20,
=N+(O)OR 20, =NNR20R2 1, =0, -OR20, -OC(=Y)R 20,
-OC(=Y)OR 20, - OC(=Y)NR 20R2 1, -OS(O)2(OR20),
-OP(=Y)(OR 20)(OR2 1), -OP(OR 20)(OR2 1), - P(=Y)(OR
20)(OR2 1), -P(=Y)(OR)NR 20R2 1, =S, -SR20, -S(O)R 20,
-S(O)2R20, - S(O)2NR20R2 1, -S(O)(OR20), -S(O)2(OR20),
-SC(=Y)R 20, -SC(=Y)OR 20, - SC(=Y)NR 20R21, C1- C8
alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C6- C20 aryl,-
C3- C12 carbocyclyl, C2- C 0 heterocyclyl, and a
protecting group, and wherein said alkyl, alkenyl,
alkynyl, aryl, carbocyclyl and heterocyclyl are
optionally and independently substituted with one or
more groups independently selected from F, Cl, Br, I,
-C(=Y)R 20, -C(=Y)OR 20, -C(=Y)NR20R2 1, NR20R2 1,
-NR20C(=Y)R2 1, -NR20C(=Y)OR 21, - NR23C(=Y)NR 20R2 1,
-OR20, -OC(=Y)R 20, -OC(=Y)OR 20, -OC(=Y)NR 20R21, -
OS(O)2(OR20), -OP(=Y)(OR 20)(OR21), -OP(OR20)(OR21),
-P(=Y)(OR 20)(OR21), - P(=Y)(OR)NR 20R2 1, -SR20,
-S(O)R 20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR 20), -
S(O)2(OR20), -SC(=Y)R 20, -SC(=Y)OR 20, -SCO=Y)NR20R2
1, C1- C8 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C6-
C20 aryl, C3- C12 carbocyclyl and C2- C20
heterocyclyl; [0068] X is selected from a C2- C20
heterocyclyl, a C3- C12 carbocyclyl, and a C6- C20
aryl, wherein said heterocycle, carbocyclyl and aryl
are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -C(=Y)R 20,
- C(=Y)OR 20, -C(=Y)NR 20R2 1, -NR20R2 1, -NR20C(=Y)R
2 1, -NR20C(=Y)OR 2 1, - NR23C(=Y)NR 20R2 1, -OR20,
-OC(=Y)R 20, -OC(=Y)OR 20, -OC(=Y)NR 20R2 1, -
OS(O)2(OR20), -OP(=Y)(OR 20)(OR21), -OP(OR20)(OR21),
-P(=Y)(OR 20)(OR2 1), - P(=Y)(OR 23)NR20R2 1, -SR20,
-S(O)R 20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR 20), -
S(O)2(OR20), -SC(=Y)R 20 5 -SC(=Y)OR 20, -SC(=Y)NR
20R2 1, 5-7 membered ring lactam, 5-7 membered ring
lactone, 5-7 membered ring sultam, C1- C8 alkyl, C2-
C8 alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C6-
C20 aryl, and C2- C20 heterocyclyl, wherein said 



alkyl, alkenyl, alkynyl, carbocyclyl, aryl, and
heterocyclyl are optionally substituted with one or
more groups independently selected from F, Cl, Br, I,
OR20, NR20R2 1 -SR20, -S(O)R 20, -S(O)2R20, alkyl,
alkenyl, alkynyl, carbocyclyl, aryl, and heterocyclyl;
[0069] R1 is selected from H, C1- C8 alkyl, C2- C8
alkenyl, C2- C8 alkynyl, (C1- C8-alkyl)NR 20R2 1, C2-
C20 heterocyclyl, C3- C12 carbocyclyl, and C6- C20
aryl, whereinsaid alkyl, alkenyl, alkynyl,
heterocycle, carbocyclyl and aryl are optionally
substituted with one or more groups independently
selected from F, Cl, Br, I, -C(=Y)R20, - C(=Y)OR20,
-C(=Y)NR20R2 1, -NR20R21, OR20, CN, C(=O)NR20R2 1,
C(=O)OR20, alkyl, (Cr C8-alkyl)NR20R2 1, and
heterocyclyl; [0070] R2 is selected from H, F, Cl, Br,
I, -C(=Y)R20, -C(=Y)OR20, - C(=Y)NR20R2 1, -OR20,
-OC(=Y)R20, -OC(=Y)OR20, -OC(=Y)NR20R2 1,
-OS(O)2(OR20), -OP(=Y)(OR20)(OR2 1), -OP(OR20)(OR2 1),
-P(=Y)(OR20)(OR2 1), -P(=Y)(OR)NR20R2 1, - SR20,
-S(O)R20, -S(O)2R20, -S(O)2NR20R2 1 -S(O)(OR20),
-S(O)2(OR20), -SC(=Y)R20, - SC(=Y)OR20, -SC(=Y)NR20R2
1, 5-7 membered ring lactam, 5-7 membered ring
lactone, 5-7 membered ring sultam, C1- C8 alkyl, C2- C
alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C6- C20
aryl, and C - C2 heterocyclyl, wherein said alkyl,
alkenyl, alkynyl, carbocyclyl, aryl, and heterocyclyl
are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, OR20, NR20R2
1 -SR20, -S(O)R20, -S(O)2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl, [0071] or R1 and
R2 of Formula Ia together with the atoms to which they
are attached optionally form a saturated, partially
unsaturated or aromatic 5 or 6 membered fused
heterocycle ring having at least two heteroatoms
independently selected from O, N and S, wherein said
heterocycle ring is optionally substituted with one or
more groups independently selected from F, Cl, Br, I,
-C(=Y)R20, -C(=Y)OR20, - C(=Y)NR20R2 1, -NR20R21,
-NR20C(=Y)R2 1, -NR20C(=Y)OR2 1, -NR23C(=Y)NR20R21, -
OR20, -OC(=Y)R20, -OC(=Y)OR20, -OC(=Y)NR20R2 1,
-OS(O)2(OR20), - OP(=Y)(OR20)(OR2 1), -OP(OR20XOR21),
-P(=Y)(OR20)(OR2 1), -P(=Y)(OR23)NR20R2 1, - SR20,
-S(O)R20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR20),
-S(O)2(OR20), -SC(=Y)R20, - SC(=Y)OR20, -SC(=Y)NR20R2
1, 5-7 membered ring lactam, 5-7 membered ring
lactone, 5-7 membered ring sultam, C1-Cg alkyl, C2- C8
alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C6- C20
aryl, and C2- C2 heterocyclyl, wherein said alkyl,
alkenyl, alkynyl, carbocyclyl, aryl, and heterocyclyl
are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, OR20, NR20R2
1 -SR20, -S(O)R20, -S(O)2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl; [0072] R3, R4,
and R5 are independently selected from H, F, Cl, Br,
I, -C(=Y)R20, -C(=Y)OR20, -C(=Y)NR20R2 1, -NR20R2 1,
-NR20C(=Y)R2 1, -NR20C(=Y)OR2 1, - NR23C(=Y)NR20R2 1,
-OR20, -OC(=Y)R20, -OC(=Y)OR20, -OC(=Y)NR20R2 1, -
OS(O)2(OR20), -OP(=Y)(OR20)(OR2 1), -OP(OR20)(OR2 1),
-P(=Y)(OR20)(OR2 1), - P(=Y)(OR23)NR20R2 1, -SR20,
-S(O)R20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR20),
-S(O)2(OR20), -SC(=Y)R 20, -SC(=Y)OR 20, -SC(=Y)NR
20R2 1, 5-7 membered ring lactam, 5-7 membered ring
lactone, 5-7 membered ring sultam, C1- C8 alkyl, C2-Cg
alkenyl, C2- C8 alkynyl, C3- C12 carbocyclyl, C6- C20
aryl, and C2- C20 heterocyclyl, wherein said alkyl,
alkenyl, alkynyl, carbocyclyl, aryl, and heterocyclyl
are optionally substituted with one or more groups
independently selected from F, Cl5Br, I, OR20,NR20R2 1
-SR20, -S(O)R 20 -S(O) 2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl; [0073] R20 and R2
1 are independently selected from H, C1- C8 alkyl, C2-
C8 alkenyl, C2- C8 alkynyl, C6- C20 aryl, C2- C20
heterocyclyl, and a protecting group, wherein said
alkyl, alkenyl, alkynyl, aryl, and heterocyclyl are
optionally and independently substituted with one or
more groups independently selected from F, Cl, Br, I,
-C(=Y)R a, -C(=Y)OR a, -C(=Y)NR aRb, -ORa, -OC(=Y)R a,
-OC(=Y)OR a, - OC(=Y)NR aRb, -OS(O) 2(ORa), -OP(=Y)(OR
a)(OR b), -OP(OR a)(OR b), - P(=Y)(OR a)(OR b),
-P(=Y)(OR)NR aRb, -SRa, -S(O)R a, -S(O)2Ra, -S(O)
2NRaRb, - 



S(O)(OR ), -S(O) 2(OR ), -SC(=Y)R a, -SC(=Y)OR a, and
-SC(=Y)NR aRb, [0074] or R20 and R2 1 together with
the atoms to which they are attached form a saturated
or partially unsaturated heterocyclic ring, wherein
said heterocyclic ring is optionally substituted with
one or more groups independently selected from F, Cl,
Br, I, alkyl, alkenyl and alkynyl; [0075] R23 is H,
C1- C8 alkyl, C2- C8 alkenyl, C2- C8 alkynyl, C6- C20
aryl, C2- C20 heterocyclyl, or a protecting group;
[0076] Ra and Rb are independently H, C1- C8 alkyl,
C2- C8 alkenyl, C2- C8 alkynyl, C6- C20 aryl, or C2- C
0 heterocyclyl; [0077] Y is independently O, S, NR20,
TSf(O)R20, N(OR 20), N(O)(OR 20), or N-NR 20R2 1; and
[0078] protecting group is selected from
trialkylsilyl, dialkylphenylsilyl, benzoate, benzyl,
benzyloxymethyl, methyl, methoxymethyl, triarylmethyl,
phthalimido, t-butoxycarbonyl (BOC), benzyloxycarbonyl
(CBz), 9-fluorenylmethylenoxycarbonyl (Fmoc), and
tetrahydropyranyl. [0079] In another embodiment,
Formula I a and Ib compounds include where: [0080] A
forms: (i) a 5 or 6 membered fused heterocyclic ring
having one or two heteroatoms independently selected
from O, N, and S, (ii) a 5 or 6 membered carbocyclic
ring, or (iii) a phenyl ring;[0081] X is selected from
a C2- C20 heterocycle, a C3- C12 carbocycle, and a C6-
C20 aiyl; [0082] R1 is selected from H, C1- C8 alkyl,
C1- C8 alkenyl, C1- C8 alkynyl, a C2- C20 heterocycle,
a C3- C12 carbocycle, and a C6- C Oaryl; [0083] R2 is
selected from H, F, Cl, Br, I, -C(=Y)R, -C(=Y)OR,
-CC=Y)NR2, - OR, -OCC=Y)R, -OC(=Y)OR, -OCC=Y)(N(R)2),
-OS(O)2(OR), -OP(=Y)(OR) 2, - OP(OR)2, -PC=Y)(OR)2,
-PC=Y)(OR)NR2, -SR, -S(O)R, -S(O)2R, -S(O)2NR,
-S(O)(OR), -S(O)2(OR), -SCC=Y)R, -SCC=Y)OR, -SC(=Y)NR
2, C1- C8 alkylhalide, C1- C8 alkylsulfonate, C1- C
alkylamino, C1- C8 alkylhydroxyl, C1- C alkylthiol,
5-7 membered ring lactam, 5-7 membered ring lactone,
5-7 membered ring sultam, C1- C8 alkyl, C1- C8
alkenyl, C1-Cg alkynyl, C6- C2 aryl, and C2- C20
heterocycle; [0084] R1 and R2 of Formula Ia optionally
form a 5 or 6 membered fused heterocycle ring having
at least two heteroatoms selected from O, N and S;
[0085] R3, R4, and R5 are independently selected from
H, F, Cl, Br, I, -CC=Y)R, - CC=Y)OR, -C(=Y)NR 2, -NR2,
- R3, -N(R)C(=Y)R, -N(R)CC=Y)OR, -N(R)CC=Y)NR2, -OR,
-OCC=Y)R, -OCC=Y)OR, -OC(=Y)(N(R) 2), -OS(O)2(OR),
-OPC=Y)(OR)2, - OP(OR)2, -P(=Y)(OR) 2, -P(=Y)(0R)NR 2,
-SR, -S(O)R, -S(O)2R, -S(O)2NR, -S(O)(OR), -S(O)2(OR),
-SCC=Y)R, -SCC=Y)OR, -SC(=Y)NR 2, C1- C8 alkylhalide,
C1- C8 alkylsulfonate, C1- C8 alkylamino, C1- C8
alkylhydroxyl, C1- C8 alkylthiol, 5-7 membered ring
lactam, 5-7 membered ring lactone, 5-7 membered ring
sultam, C1- C8 alkyl, C1- C8 alkenyl, C1- C alkynyl,
C6- C2O aryl, and C2- C20 heterocycle; [0086] R is H,
C1- C8 alkyl, C1- C8 alkenyl, C1- C8 alkynyl, C6- C20
aryl, C2- C20 heterocycle, or a protecting group; and
[0087] Y is independently O, S, NR, N(O)(R), N(OR),
N(O)(OR), or N-NR 2; [0088] each alkyl, alkenyl,
alkynyl, aryl, carbocycle, and heterocycle is
optionally and independently substituted with one or
more substituents selected from F, Cl5Br, I, OH, OR,
R, -C(=Y)R, -C(=Y)OR, -C(=Y)N(R) 2, -N(R)2, - N(R) 3,
- N(R)CC=Y)R, -N(R)CC=Y)OR, -N(R)CC=Y)N(R)2, -SR,
-0C(=Y)R, -OC(=Y)OR, - OC(=Y)(N(R) 2), -OS(O)2(OR),
-OP(=Y)(OR) 2, -OP(OR) 2, -PC=Y)(OR)2, - PC=Y)(OR)NR2,
-S(O)R, -S(O)2R, -S(O)2NR, -S(O)(OR), -S(O)2(OR),
-SC(=Y)R, - SCC=Y)OR, =Y, and -SCC=Y)(N(R)2). [0089]
Formula Ia and Ib compounds are regioisomers,
differing by the 



attachment of Rl at the non-equivalent nitrogen atoms
of the pyrazole ring. Formula Iaand Ib compounds
include stereoisomers, tautomers, solvates and
pharmaceutically acceptable salts thereof, wherein:
[0090] hi certain embodiments, R20 and R2 1 are
optionally and independently a protecting group such
as, but not limited to, trialkylsilyl,
dialkylphenylsilyl, benzoate, benzyl, benzyloxymethyl,
methyl, methoxymethyl, a triarylmethyl, phthalimido,
tbutoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and
9-fluorenylmethylenoxycarbonyl (Fmoc), or
tetrahydropyranyl. [0091] Exemplary embodiments of the
A-ring include an optionally substituted a 5 or 6
membered fused heterocyclic ring having one or two
heteroatoms independently selected from O, N, and S,
such as tetrahydrofuranyl, dioxolanyl,
tetrahydropyranyl, tetrahydropyridyl, piperazinyl,
pyrrolidinyl, pyridyl, pyrimidinyl, dihydrothiophenyl,
thiophenyl, imidazolyl, thiazolyl, oxazolyl,
isoxazolyl, and pyrazolyl, including exemplary
structures: [0092] The A-ring may be an optionally
substituted, fused saturated or partially unsaturated
5 or 6 membered carbocyclic ring, such as cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, and
substituted forms thereof, including exemplary
structures:[0093] The A-ring may be an optionally
substituted ring selected from phenyl. For example,
the A-ring may be: [0094] and substituted forms
thereof. [0095] Exemplary embodiments of X include
2-pyridyl, 3-pyridyl, 4-pyridyl, 2- imidazolyl,
4-imidazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 3-pyridazinyl,
4-pyridazinyl, 5-pyridazinyl, 2-pyrimidinyl,
5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 2-oxazolyl,
4-oxazolyl, 5-oxazolyl, and substituted forms thereof,
and shown as:[0096] Exemplary embodiments of 5-7
membered ring lactams, 5-7 membered ring lactones, and
5-7 membered ring sultams include the
structures:[0097] Exemplary embodiments of Formulas Ia
and Ib-compounds include compounds of Formulas Ila-h
and IHa-f: libHId iiif [0098] wherein Z is selected
from CR20R2 1, C(=Y), NR20 O5and S. [0099] Exemplary
embodiments of Formulas Ia and Ib compounds also
include compounds of Formulas IVa, IVb Va and
Vb:[00100] Exemplary embodiments of Formulas Ia and Ib
compounds also include compounds of Formulas Via, VIb,
Vila and VIIb:[00101] Exemplary embodiments of
Formulas Ia and Ib compounds also include Formulas
VIIIa 5VIIIb, IXa and IXb: Villa VIIIb[00102] wherein
R6, R7, R8, and R9 are independently selected from H,
F, Cl, Br I, -OR20, -C(=Y)R20, -C(=Y)OR20,
-C(=Y)NR20R21, -NR20R21, -NR20C(=Y)R21, - NR20C(=Y)OR2
1, -NR23C(-Y)NR 20R2 1, -OC(=Y)R20, -OC(=Y)OR20,
-OC(=Y)NR20R2 1, -OS(O)2(OR20), -OP(=Y)(OR 20)(OR2 1),
-OP(OR20)(OR2 1), -P(=Y)(OR20)(OR21), -
P(=Y)(OR23)NR20R2 1, -SR20, -S(O)R20, -S(O)2R20,
-S(O)2NR20R2 1, -S(O)(OR20), - S(O)2(OR20),
-SC(=Y)R20, -SC(=Y)OR20, -SC(=Y)NR20R2 1, 5-7 membered
ring lactam, 5-7 membered ring lactone, 5-7 membered
ring sultam, C1-Cg alkyl, C2- C alkenyl, C2- C8
alkynyl, C3- C12 carbocyclyl, C - C20 aryl, and C2-
C20 heterocyclyl, wherein said alkyl, alkenyl,
alkynyl, carbocyclyl, aryl, and heterocycle are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, OR20,NR20R2
1 -SR20, - S(O)R20, -S(O)2R20, alkyl, alkenyl,
alkynyl, carbocyclyl, aryl, and heterocyclyl. [00103]
Exemplary embodiments of Formulas Ia and Ib compounds
also include compounds of Formulas Xa, Xb, XIa and
XIb:[00104] wherein R6, R7 R8 R9, and R10 are
independently selected from H5F, Cl, Br, I, -OR20,
-C(=Y)R20, -C(=Y)OR20, -C(=Y)NR20R2 1, -NR20R2 1,
-NR20C(=Y)R2 1, - NR20C(=Y)OR2 1, -NR23C(=Y)NR20R2 1,
-OC(=Y)R20, -OC(=Y)OR20, -OC(=Y)NR20R2 1,
-OS(O)2(OR20), -OP(=Y)(OR20)(OR2 1), -OP(OR20)(OR2 1),
-P(=Y)(OR20)(OR2 1), - P(=Y)(OR23)NR20R2 1, -SR20,
-S(O)R20, -S(O)2R20, -S(O)2NR20R2 1, -S(O)(OR20), - 



S(O)2(OR20), -SC(=Y)R20, -SC(=Y)OR20, -SC(=Y)NR20R2 1,
5-7 membered ring lactam, 5-7 membered ring lactone,
5-7 membered ring sultam, C1- C alkyl, C - C alkenyl,
C - C alkynyl, C3- C12 carbocyclyl, C6- C20 aryl, and
C - C 0 heterocyclyl, wherein said alkyl, alkenyl,
alkynyl, carbocyclyl, aryl, and heterocyclyl are
optionally substituted with one or more groups
independently selected from F, Cl, Br, I, OR20, NR20R2
1 -SR20, -S(O)R20, -S(O)2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl. [00105] Exemplary
embodiments of Formulas Ia and Ib compounds also
include Formulas XIIa-d and Xllla-j:lib XIIIa XIIIb
XIIIc XIIIdXIIIg XIIIh XIIIi [00106] wherein R11, R12
, and R13 are independently selected from H, F, Cl,
Br, I, -OR20, -C(=Y)R20, -C(=Y)OR20, -C(=Y)NR20R2 1,
-NR20R2 1, -NR20C(^Y)R2 1, - NR20Q=Y)OR 2 1,
-NR23C(=Y)NR20R21, -OC(=Y)R20, -OC(=Y)OR20,
-OC(=Y)NR20R2 1, -OS(O)2(OR20) -OP(=Y)(OR20)(OR21),
-OP(OR20)(OR2 1), -P(=Y)(OR20)(OR2 1), -
P(=Y)(OR23)NR20R2 1, -SR20, -S(O)R20, -S(O)2R20,
-S(O)2NR20R2 1, -S(O)(OR20), - S(O)2(OR20),
-SC(=Y)R20, -SC(=Y)OR20, -SC(=Y)NR20R2 1, 5-7 membered
ring lactam, 5-7 membered ring lactone, 5-7 membered
ring sultam, C1- C8 alkyl, C2- C8 alkenyl, C2- C8
alkynyl, C3- C12 carbocyclyl, C6- C2 aryl, and C2- C20
heterocycle, wherein said alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl are optionally
substituted n n o1 on with one or more groups
independently selected from F, Cl, Br, I, OR ,NR R -SR
, -S(O)R20, -S(O)2R20, alkyl, alkenyl, alkynyl,
carbocyclyl, aryl, and heterocyclyl. [00107] Exemplary
embodiments of Formulas Ia and Ib compounds also
include Formulas XIVa-d: XIVa XIVbXIVc XIVd [00108]
Exemplary embodiments of Formulas Ia and Ib compounds
also include Formulas XVa-d: XVa XVb XVc XVd [00109]
Compounds 101-160 listed in Table 1 were prepared,
characterized, and assayed for B-Raf binding activity
and in vitro activity against tumor cells.Table 1 o.
Structure Name 101
5-(l-(2-aminoethyl)-3-pyridin-4-yl-lHpyrazol-
4-yl)-2,3-dihydroinden- 1-one oxime 102
5-(1-(3-aminopropyl)-3-pyridin-4-yl- 1Hpyrazol-
4-yl)-2,3 -dihydroinden- 1-one oxime 103
5-(1-(4-aminobutyl)-3-pyridin-4-yl-1Hpyrazol-
4-yl)-2,3-dihydroinden- 1-one oxime 104
5-(1-(pyrrolidin-3-yl)-3-pyridin-4-yl- IHpyrazol-
4-yl)-2,3-dihydroinden- 1-one oxime 105
5-(1-(piperidin-4-yl)-3-pyridin-4-yl- 1Hpyrazol-
4-yl)-2,3-dihydroinden-l -one oximeMETHOD FOR TREATING
GEFITINIB RESISTANT CANCER BACKGROUND [001] Epithelial
cell cancers, for example, prostate cancer, breast
cancer, colon cancer, lung cancer, pancreatic cancer,
ovarian cancer, cancer of the spleen, testicular
cancer, cancer of the thymus, etc., are diseases
characterized by abnormal, accelerated growth of
epithelial cells. This accelerated growth initially
causes a tumor to form. Eventually, metastasis to
different organ sites can also occur. Although
progress has been made in the diagnosis and treatment
of various cancers, these diseases still result in
significant mortality. 



[002] Lung cancer remains the leading cause of cancer
death in industrialized countries. Cancers that begin
in the lungs are divided into two major types,
non-small cell lung cancer and small cell lung cancer,
depending on how the cells appear under a microscope.
Non-small cell lung cancer (squamous cell carcinoma,
adenocarcinoma, and large cell carcinoma) generally
spreads to other organs more slowly than does small
cell lung cancer. About 75 percent of lung cancer
cases are categorized as non-small cell lung cancer
(e.g., adenocarcinomas), and the other 25 percent are
small cell lung cancer. Nonsmall cell lung cancer
(NSCLC) is the leading cause of cancer deaths in the
United States, Japan and Western Europe. For patients
with advanced disease, chemotherapy provides a modest
benefit in survival, but at the cost of significant
toxicity, underscoring the need for therapeutic agents
that are specifically targeted to the critical genetic
lesions that direct tumor growth (Schiller JH et al.,
N Engl J Med, 346: 92-98, 2002). [003] Epidermal
growth factor receptor (EGFR) is a 170 kilodalton
(kDa) membrane-bound protein expressed on the surface
of epithelial cells. EGFR is a member of the growth
factor receptor family of protein tyrosine kinases, a
class of cell cycle regulatory molecules. (W. J.
Gullick et al., 1986, Cancer Res., 46:285-292). EGFR
is activated when its ligand (either EGF or TGF-a)
binds to the extracellular domain, resulting in
autophosphorylation of the receptor's intracellular
tyrosine kinase domain (S. Cohen et al., 1980, J .
Biol. Chem., 255:4834-4842; A. B. Schreiber et al.,
1983, J . Biol. Chem., 258:846-853).[004] EGFR is the
protein product of a growth promoting oncogene, erbB
or ErbBl, that is but one member of a family, i.e.,
the ERBB family of protooncogenes, believed to play
pivotal roles in the development and progression of
many human cancers. In particular, increased
expression of EGFR has been observed in breast,
bladder, lung, head, neck and stomach cancer as well
as glioblastomas. The ERBB family of oncogenes encodes
four, structurally-related transmembrane receptors,
namely, EGFR, HER-2/neu (erbB2), HER-3 (erbB3) and
HER-4 (erbB4). Clinically, ERBB oncogene amplification
and/or receptor overexpression in tumors have been
reported to correlate with disease recurrence and poor
patient prognosis, as well as with responsiveness in
therapy. (L. Harris et al, 1999, Int. J . Biol.
Markers, 14:8-15; and J. Mendelsohn and J . Baselga,
2000, Oncogene, 19:6550-6565). [005] EGFR is composed
of three principal domains, namely, the extracellular
domain (ECD), which is glycosylated and contains the
ligand-binding pocket with two cysteine-rich regions;
a short transmembrane domain, and an intracellular
domain that has intrinsic tyrosine kinase activity.
The transmembrane region joins the ligand-binding
domain to the intracellular domain. Amino acid and DNA
sequence analysis, as well as studies of
nonglycosylated forms of EGFR, indicate that the
protein backbone of EGFR has a mass of 132 kDa, with
1186 amino acid residues (A. L. Ullrich et al., 1984,
Nature, 307:418-425; J. Downward et al., 1984, Nature,
307:521-527; C. R. Carlin et al., 1986, MoI. Cell.
Biol., 6:257-264; and F. L. V. Mayes and M. D.
Waterfield, 1984, The EMBO J., 3:531-537). [006] The
binding of EGF or TGF-ato EGFR activates a signal
transduction pathway and results in cell
proliferation. The dimerization, conformational
changes and internalization of EGFR molecules function
to transmit intracellular signals leading to cell
growth regulation (G. Carpenter and S. Cohen, 1979,
Ann. Rev. Biochem., 48:193-216). Genetic alterations
that affect the regulation of growth factor receptor
function, or lead to overexpression of receptor and/or
ligand, result in cell proliferation. In addition,
EGFR has been determined to play a role in cell
differentiation, enhancement of cell motility, protein
secretion, neovascularization, invasion, metastasis
and resistance of cancer cells to chemotherapeutic
agents and radiation. (M.-J. Oh et al., 2000, Clin.
Cancer Res., 6:4760- 4763).[007] A variety of
inhibitors of EGFR have been identified, including a 



number already undergoing clinical trials for
treatment of various cancers. For a recent summary,
see de Bono, J. S. and Rowinsky, E. K. (2002), "The
ErbB Receptor Family: A Therapeutic Target For
Cancer", Trends in Molecular Medicine, 8, S19-26.
[008] A promising set of targets for therapeutic
intervention in the treatment of cancer includes the
members of the HER-kinase axis. They are frequently
upregulated in solid epithelial tumors of, by way of
example, the prostate, lung and breast, and are also
upregulated in glioblastoma tumors. Epidermal growth
factor receptor (EGFR) is a member of the HER-kinase
axis, and has been the target of choice for the
development of several different cancer therapies.
EGFR tyrosine kinase inhibitors (EGFR-TKIs) are among
these therapies, since the reversible phosphorylation
of tyrosine residues is required for activation of the
EGFR pathway. In other words, EGFR-TKIs block a cell
surface receptor responsible for triggering and/or
maintaining the cell signaling pathway that induces
tumor cell growth and division. Specifically, it is
believed that these inhibitors interfere with the EGFR
kinase domain, referred to as HER-I . Among the more
promising EGFR-TKIs are three series of compounds:
quinazolines, pyridopyrimidines and
pyrrolopyrimidines. [009] Two of the more advanced
compounds in clinical development include Gefitinib
(compound ZD1839 developed by AstraZeneca UK Ltd.;
available under the tradename IRESSA; hereinafter
"IRESSA") and Erlotinib (compound OSI-774 developed by
Genentech, Inc. and OSI Pharmaceuticals, Inc.;
available under the tradename TARCEVA; hereinafter
"TARCEVA"); both have generated encouraging clinical
results. Conventional cancer treatment with both
IRESSA and TARCEVA involves the daily, oral
administration of no more than 500 mg of the
respective compounds. In May, 2003, IRESSA became the
first of these products to reach the United States
market, when it was approved for the treatment of
advanced non-small cell lung cancer patients.[0010]
IRESSA is an orally active quinazoline that functions
by directly inhibiting tyrosine kinase phosphorylation
on the EGFR molecule. It competes for the adenosine
triphosphate (ATP) binding site, leading to
suppression of the HER-kinase axis. The exact
mechanism of the IRESSA response is not completely
understood, however, studies suggest that the presence
of EGFR is a necessary prerequisite for its action.
[001 1] A significant limitation in using these
compounds is that recipients thereof may develop a
resistance to their therapeutic effects after they
initially respond to therapy, or they may not respond
to EGFR-TKIs to any measurable degree at all. The
response rate to EGFR-TKIs varies between different
ethnic groups. At the low end of EGFR-TKI responders,
in some populations, only 10-15 percent of advanced
non-small cell lung cancer patients respond to EGFR
kinase inhibitors. Thus, a better understanding of the
molecular mechanisms underlying sensitivity to IRESSA
and TARCEVA would be extremely beneficial in targeting
therapy to those individuals whom are most likely to
benefit from such therapy. [0012] There is a
significant need in the art for a satisfactory
treatment of cancer, and specifically epithelial cell
cancers such as lung, ovarian, breast, brain, colon
and prostate cancers, which incorporates the benefits
of TKI therapy and overcoming the non-responsiveness
exhibited by patients. Such a treatment could have a
dramatic impact on the health of individuals, and
especially older individuals, among whom cancer is
especially common. SUMMARY [0013] The inventors of the
present invention have surprisingly discovered that
irreversible EGFR inhibitors are effective in the
treatment of cancer in subjects who are no longer
responding to gefitinib and/or erlotinib therapies.
Thus, in one embodiment, the present invention
provides a method for the treatment of gefitinib
and/or erlotinib resistant cancer. In this embodiment,
progression of cancer in a subject is monitored at a 



time point after the subject has initiated gefitinib
and/or erlotinib treatment. Progression of the cancer
is indicative of cancer that is resistant to gefitinib
and/ or erlotinib treatmentand the subject is
administered a pharmaceutical composition comprising
an irreversible epidermal growth factor receptor
(EGFR) inhibitor. [0014] In preferred embodiments, the
irreversible EGFR inhibitor EKB-569, HKI-272 or
HKI-357. Alternatively, the irreversible EGFR
inhibitor may be any compound which binds to cysteine
773 of EGFR (SEQ ID NO: 1). [00 15] The progression of
cancer may be monitored by methods well known to those
of skill in the art. For example, the progression may
be monitored by way of visual inspection of the
cancer, such as, by means of X-ray, CT scan or MRI.
Alternatively, the progression may be monitored by way
of tumor biomarker detection. [0016] In one
embodiment, the patient is monitored at various time
points throughout the treatment of the cancer. For
example, the progression of a cancer may be monitored
by analyzing the progression of cancer at a second
time point and comparing this analysis to an analysis
at a first time point. The first time point may be
before or after initiation of geftinib and/ or
erlotinib treatment and the second time point is after
the first. An increased growth of the cancer indicates
progression of the cancer. [0017] In one embodiment,
the progression of cancer is monitored by analyzing
the size of the cancer. In one embodiment, the size of
the cancer is analyzed via visual inspection of the
cancer by means of X-ray, CT scan or MRI. In one
embodiment, the size of the cancer is monitored by way
of tumor biomarker detection. [001 8] In one
embodiment, the cancer is epithelial cell cancer. In
one embodiment, the cancer is gastrointestinal cancer,
prostate cancer, ovarian cancer, breast cancer, head
and neck cancer, esophageal cancer, lung cancer,
non-small cell lung cancer, cancer of the nervous
system, kidney cancer, retina cancer, skin cancer,
liver cancer, pancreatic cancer, genital-urinary
cancer and bladder cancer. [0019] In one embodiment,
the size of the cancer is monitored at additional time
points, and the additional time points are after the
second time point. [0020] In one embodiment, the later
time point is at least 2 months after the preceding
time point. In one embodiment, the later time point is
at least 6 months after preceding time point. In one
embodiment, the later time point is at least 10 months
afterpreceding time point. In one embodiment, the
later time point is at least one year after preceding
time point. [0021] In another embodiment, the present
invention provides a method of treating cancer,
comprising administering to a subject having a
mutation in EGFR, namely, a substitution of a
methionine for a threonine at position 790 (T790M) of
SEQ ID. No. 1, a pharmaceutical composition comprising
an irreversible EGFR inhibitor. The T790M mutation
confers resistance to gefitinib and/ or erlotinib
treatment. BRIEF DESCRIPTION OF THE FIGURES [0022]
Figures 1A-IB show EGFR sequence analysis in recurrent
metastatic lesions from two NSCLC patients with
acquired gefitinib resistance. Figure IA shows
sequence analysis for Case 1. The T790M mutation in
EGFR is present in a recurrent liver lesion after the
development of clinical gefitinib resistance. (Left)
The mutation was not detected in the primary lung
lesion at the time of diagnosis. (Right) Both the
primary lung tumor and the recurrent liver lesion
harbor the L858R gefitinib-sensitizing mutation. Of
note, the L858R mutation is present in the expected
ratio for a heterozygous mutation in both primary and
recurrent lesions, whereas T790M is detectable at low
levels compared with the wild-type allele. A
polymorphism (G/A) is shown in the same tracing to
demonstrate equivalent representation of the two
alleles in the uncloned PCR product. Figure IB shows
sequence analysis for Case 2. The T790M mutation is
present within a small minority of gefitinib-resistant
cells. (Left) The T790M mutation was undetectable
either in the lung primary tumor or in eight recurrent
liver lesions from this case by 



sequencing uncloned PCR products. Heterozygosity at an
adjacent polymorphism (G/A) confirms amplification of
both EGFR alleles from these specimens. The
heterozygous gefitinib-sensitizing mutation, L861Q,
was detected at the expected ratio within the primary
lung tumor as well as each of the eight recurrent
liver lesions. [0023] Figures 2A-2C show acquired
resistance to gefitinib in bronchoalveolar cancer cell
lines and persistent sensitivity to irreversible ERBB
family inhibitors. Figure 2A shows inhibition by
tyrosine kinase inhibitors of proliferation of
bronchoalveolar cancer cell lines with wild-type EGFR
(NCI-Hl 666), the activatingdelE746-A750 mutation in
EGFR (NCI-Hl 650), or two representative
gefitinib-resistant subclones of NCI-Hl 650 (G7 and Cl
1). The effect of the reversible inhibitor gefitinib
is compared with that of the irreversible inhibitor
HKI-357. Comparable results were observed with the
other irreversible inhibitors. Cell numbers were
measured by crystal violet staining, after culture in
5% FCS, with 100 ng/ml EGFR, at 72 h after exposure to
indicated drug concentrations. Each data point
represents the mean of four samples. Figure 2B shows
the chemical structure of gefitinib, a reversible
inhibitor of EGFR; EKB- 569, an irreversible inhibitor
of EGFR; and HKI-272 and HKI-357, two irreversible
dual inhibitors of EGFR and ERBB2. Figure 2C shows
generation of drug-resistant NCIHI650 cells after
treatment with varying concentrations of gefitinib or
the irreversible ERBB inhibitor EKB-569. Colonies were
stained after 12 days in culture in the presence of
inhibitors. [0024] Figures 3A-3D show persistent
dependence on EGFR and ERBB2 signaling in
gefitinib-resistant cells, and altered receptor
trafficking. Figure 3A shows cell viability after
siRNA-mediated knockdown of EGFR and ERBB2 in
bronchoalveolar cell lines with wild-type EGFR (NCI-Hl
666), compared with cells with the activating
delE746-A750 mutation in EGFR (NCI-Hl 650) and two
gefitinib-resistant derivatives (G7 and Cl 1). Viable
cells were counted 72 h after treatment with
double-stranded RNA and are shown as a fraction
relative to cells treated with nonspecific siRNA, with
standard deviations based on triplicate samples.
Figure 3B shows inhibition of EGFR autophosphorylation
(Yl 068) and phosphorylation of downstream effectors
AKT and MAPK (ERK) in cells treated with increasing
concentrations of gefitinib or the irreversible
inhibitor HKI-357, followed by a 2-h pulse with EGF.
The parental cell line NCI-Hl 650 is compared with a
representative gefitinib-resistant line, G7. Total AKT
and MAPK are shown as controls; tubulin is used as
loading control for total EGFR levels, which are at
the lower limit of detection in these cells. Figure 3C
shows altered EGFR internalization in
gefitinib-resistant NCI-H 1650 (G7) cells, compared
with the sensitive NCI-Hl 650 parental cell line.
Rhodamine-tagged EGF is used to label EGFR at 5 and 20
min, after addition of ligand. The increased
internalization of EGFR in NCI-Hl 650 (G7) cells is
most evident at 20 min. (Zeiss microscope, x63
magnification). Figure 3D shows imniunoblotting of
internalized EGFR from NCI-Hl 650 parental cells and
the resistantderivative G7 after pulse labeling of
cell surface proteins by biotinylation and chase over
20 min. The increased intracellular EGFR in NCI-Hl 650
(G7) cells is compared with the unaltered transferrin
receptor (TR) internalization. [0025] Figures 4A-4B
show Effectiveness of irreversible ERBB inhibitors in
suppressing the T790M EGFR mutant. Figure 4A shows
comparison of gefitinib and two irreversible
inhibitors, HKI-357 and HKI-272, in their ability to
suppress EGFR autophosphorylation (Yl 068) and
phosphorylation of downstream effectors AKT and MAPK
(ERK) in the NCI-Hl 975 bronchoalveolar cell line,
harboring both a sensitizing mutation (L858R) and the
resistance-associated mutation (T790M). Total EGFR,
AKT, and MAPK are shown as loading controls. Figure 4B
shows suppression of proliferation in NCI-Hl 975 cells
harboring the L858R and T790M mutations by the three
irreversible ERBB family inhibitors, compared with
gefitinib. [0026] Figure 5 shows the nucleotide
sequence (SEQ ID NO: 2) and the 



amino acid sequence (SEQ ID NO: 1) of EGFR. [0027]
Figure 6 shows that like gefitinib, HKI 357 and EKB
569 (labeled "Wyeth") demonstrated increased cell
killing of NSCLC cells harboring an EGFR mutation, but
unlike gefitinib, clones resistant to these drugs were
not readily generated in vitro and they retained their
effectiveness against geftinib-resistant clones.
DETAILED DESCRIPTION Gefitinib and erlotinib resistant
cancers [0028] Gefitinib (compound ZDl 839 developed
by AstraZeneca UK Ltd.; available under the tradename
IRESSA) and erlotinib (compound OSI-774 developed by
Genentech, Inc. and OSI Pharmaceuticals, Inc.;
available under the trade name TARCEVA) induce
dramatic clinical responses in cases of non-small cell
lung cancers (NSCLCs) harboring activating mutations
in the EGF receptor (EGFR) (1-3), which is targeted by
these competitive inhibitors of ATP binding (4, 5).
The effectiveness of these tyrosine kinase inhibitors
may result both from alterations in the ATP cleft
associated with these mutations, which lead to
enhanced inhibition of the mutant kinase by
thesedrugs, and from biological dependence of these
cancer cells on the increased survival signals
transduced by the mutant receptors, a phenomenon
described as "oncogene addiction" (6, 7). [0029]
Although therapeutic responses to both gefitinib and
erlotinib can persist for as long as 2-3 years, the
mean duration of response in most cases of NSCLC is
only 6-8 months (8-10). The mechanisms underlying
acquired drug resistance are not well understood. By
analogy with imatinib (GLEEVEC), which inhibits the
BCR-ABL kinase involved in chronic myeloid leukemias
(CMLs), the C-KIT kinase implicated in
gastrointestinal stromal tumors (GISTs), and the
FIPlLl -PDGFR-akinase in idiopathic hypereosinophilic
syndrome (HES), secondary kinase domain mutations can
potentially suppress drug binding ( 11-16). However,
recurrent NSCLC is not readily biopsied; hence, only
limited clinical specimens are available for analysis.
Recently, a single secondary mutation, T790M, within
the EGFR kinase domain has been reported in three of
six cases with recurrent disease after gefitinib or
erlotinib therapy (17, 18). Codon 315 of BCRABL, which
is analogous to EGFR codon 790, is frequently mutated
in imatinib-resistant CML ( 1 1, 12), and mutation of
the corresponding residue in C-XJr(COdOn 670) and
FIPlLl-PDGFR-a (codon 674) is associated with
imatinib-resistant GIST and HES, respectively (15,
16). Early in vitro modeling of resistance to EGFR
inhibitors indicated that mutation of codon 790 within
the wild-type receptor would similarly suppress
inhibition by an EGFR tyrosine kinase inhibitor (19).
Recently, transfected EGFR proteins containing
activating mutations together with the T790M
substitution were shown to exhibit reduced inhibition
by gefitinib and erlotinib (17, 18). Although the
T790M mutation seems to contribute to acquired
resistance in some cases of NSCLC, the mechanisms
underlying treatment failure in cases lacking
secondary EGFR mutations remain unexplained. [0030] In
contrast to the cytoplasmic kinase BCR-ABL, signaling
by the membrane-bound EGFR involves a complex pathway
of ligand binding, receptor homodimerization, and
heterodimerization with ERBB2 and other family
members, followed by internalization and recycling of
the ligand-bound receptor or ubiquitinmediated
receptor degradation (20). Significant EGF-dependent
signaling is thought to occur during the process of
internalization, which is also associated with the
dissociationof EGFR complexes at the low pH of
intracellular vesicles. As such, multiple factors
modulate the strength and quality of the signal
transduced by the receptor, and alterations in EGFR
trafficking have been closely linked with the
regulation of EGF-dependent cellular responses (20).
[003 1] The present invention is based on the
discovery that gefitinib resistant cancers can include
those wherein the T790M EGFR mutation is only present
in a subset 



of resistant tumor cells and those wherein the T790M
mutation is not observed, but increased EGFR
internalization is observed. The invention is further
based on the discovery that irreversible EGFR
inhibitors, which covalently crosslink the receptor,
are effective in inhibiting cancers with the T790M
mutation and in cancers with altered EGFR trafficking
that can make such cancers resistance to treatment
with gefitinib and/ or erlotinib. Accordingly, the
present invention provides a method of treating
gefitinib and/or erlotinib resistant cancers
comprising administering irreversible EGFR inhibitors.
Method of Treating a Patient [0032] In one embodiment,
the invention provides a method for treating
gefitinib/erlotinib resistant cancer. The method
comprises administering to a patient in need of such
treatment an effective amount of certain irreversible
EGFR inhibitors, including EKB-569
(4-anilinoquinoline-3-carbonitrile; Greenberger et
al., 11th NCIEORTC- AACR Symposium on New Drugs in
Cancer Therapy, Amsterdam, November 7- 10, 2000,
abstract 388; Wyeth), HKI-357 (a derivative of
4-anilinoquinoline-3- carbonitrile; Tsou et al. J .
Med. Chem. 2005, 48: 1107-1 131; Wyeth) and/or HKI-272
(a derivative of 4-anilinoquinoline-3-carbonitrile;
Rabindran et al., Cancer Res. 2004, 64, 3958-3965;
Wyeth). In one preferred embodiment, the invention
provides a method comprising administering to a
patient in need of such treatment an effective amount
of EKB-569. In one preferred embodiment, the invention
provides a method comprising administering to a
patient in need of such treatment an effective amount
of HKI-357. [0033] The treatment may also involve a
combination of treatments, including, but not limited
to a tyrosine kinase inhibitor in combination with
other tyrosine kinase inhibitors, chemotherapy,
radiation, etc..[0034] Cancers may initially be
diagnosed as gefitinib/ erlotinib sensitive or
predicted to be gefitinib/ erlotinib sensitive by
means of the methods described in Lynch et al., 2004;
350:2129-2139. Gefitinib/ erlotinib sensitivity may be
predicted by the presence in the tumor of EGFR
mutations including, for example, deletion of residues
747 (lysine) to 749 (glutamic acid) combined with a
mutation in 750 (alanine), deletion of residues 747
(lysine) to 750 (alanine), substitution of arginine
for leucine at residue 858, of substitution of
glutamine for leucine at residue 861. [0035] Cancers
may be diagnosed as gefitinib and/or erlotinib
resistant after treatment with gefitinib and/or
erlotinib has commenced. Alternatively, cancers may be
diagnosed as gefitinib and/or erlotinib resistant
prior to initiation of treatment with such compounds.
Gefitinib and/or erlotinib resistance in the tumor may
occur after, e.g., 6 months or longer of gefitinib
and/or erlotinib treatment. Alternatively, gefitinib
and/or erlotinib resistance of the tumor may be
diagnosed less than 6 months after gefitinib and/or
erlotinib treatment has commenced. Diagnosis of
gefitinib and/or erlotinib resistance may be
accomplished by way of monitoring tumor progression
during gefitinib and/or erlotinib treatment. Tumor
progression may be determined by comparison of tumor
status between time points after treatment has
commenced or by comparison of tumor status between a
time point after treatment has commenced to a time
point prior to initiation of gefitinib and/or
erlotinib treatment. Tumor progression may be
monitored during gefitinib and/or erlotinib treatment
visually, for example, by means of radiography, for
example, X-ray, CT scan, or other monitoring methods
known to the skilled artisan, including palpitation of
the cancer or methods to monitor tumor biomarker
levels. Progression of the cancer during treatment
with gefitinib and/or erlotinib indicates gefitinib
and/or erlotinib resistance. A rise in level of tumor
biomarkers indicates tumor progression. Thus, a rise
in tumor biomarker levels during treatment with
gefitinib and/or erlotinib indicates gefitinib and/or
erlotinib resistance. Detection of new tumors or
detection of metastasis indicates tumor progression.
Cessation of tumor shrinkage indicates tumor
progression. Growth of the cancer is indicated by, for
example, increase 



in tumor size, metastasis or detection of new cancer,
and/or a rise in tumor biomarker levels.[0036] The
development of gefitinib and/or erlotinib resistance
may be monitored by means of testing for presence of a
gefitinib and/or erlotinib resistance associated
mutation in circulating tumor cells obtained from the
circulation, or other bodily fluid, of the subject.
Presence of gefitinib and/or erlotinib resistance
associated mutations in tumor cells from the subject
is indicative of a gefitinib and/or erlotinib
resistant tumor. [0037] In one embodiment, the
subject's tumor harbors mutations indicative of
gefitinib and/or erlotinib sensitivity, yet it is
resistant to gefitinib and/or erlotinib treatment. In
one embodiment, the subject's tumor harbors mutations
indicative gefitinib and/or erlotinib sensitivity and
harbors mutations indicative of gefitinib and/or
erlotinib resistance, e.g., the T790M mutation, that
is, where a methione residue is substituted for the
native threonine residue, in EGFR, e.g. increased EGFR
internalization. In one embodiment, the subject's
tumor does not harbor mutations indicative of
gefitinib and/or erlotinib sensitivity and does harbor
mutations indicative of gefitinib and/or erlotinib
resistance, e.g., the T790M mutation in EGFR, e.g.,
increased EGFR internalization. [0038] In connection
with the administration of the drug, an "effective
amount" indicates an amount that results in a
beneficial effect for at least a statistically
significant fraction of patients, such as a
improvement of symptoms, a cure, a reduction in
disease load, reduction in tumor mass or cell numbers,
extension of life, improvement in quality of life, or
other effect generally recognized as positive by
medical doctors familiar with treating the particular
type of disease or condition. [0039] The effective
dosage of active ingredient employed may vary
depending on the particular compound employed, the
mode of administration and the severity of the
condition being treated. The skilled artisan is aware
of the effective dose for each patient, which may vary
with disease severity, individual genetic variation,
or metabolic rate. However, in general, satisfactory
results are obtained when the compounds of the
invention are administered at a daily dosage of from
about 0.5 to about 1000 mg/kg of body weight,
optionally given in divided doses two to four times a
day, or in sustained release form. The total daily
dosage is projected to be from about 1 to 1000 mg,
preferably from about 2 to 500 mg. Dosage forms
suitable for internal use comprise from about 0.5 to
1000 mg of the active compound in intimate admixture
with a solid or liquid pharmaceutically acceptable
carrier. This dosage regimen may be adjusted to
provide theoptimal therapeutic response. For example,
several divided doses may be administered daily or the
dose may be proportionally reduced as indicated by the
exigencies of the therapeutic situation. [0040] The
route of administration may be intravenous (I.V.),
intramuscular (I.M.), subcutaneous (S.C), intradermal
(I.D.), intraperitoneal (I.P.), intrathecal (I.T.),
intrapleural, intrauterine, rectal, vaginal, topical,
intratumor and the like. The compounds of the
invention can be administered parenterally by
injection or by gradual infusion over time and can be
delivered by peristaltic means. [0041] Administration
may be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known
in the art, and include, for example, for transmucosal
administration bile salts and fusidic acid
derivatives. In addition, detergents may be used to
facilitate permeation. Transmucosal administration may
be through nasal sprays, for example, or using
suppositories. For oral administration, the compounds
of the invention are formulated into conventional oral
administration forms such as capsules, tablets and
tonics. [0042] For topical administration, the
pharmaceutical composition (inhibitor of kinase
activity) is formulated into ointments, salves, gels,
or creams, as is generally known in the art. 



[0043] The therapeutic compositions of this invention,
e.g. irreversible EGFR inhibitors, are conventionally
administered intravenously, as by injection of a unit
dose, for example. The term "unit dose" when used in
reference to a therapeutic composition of the present
invention refers to physically discrete units suitable
as unitary dosage for the subject, each unit
containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect
in association with the required diluents; i.e.,
carrier, or vehicle. [0044] The compositions are
administered in a manner compatible with the dosage
formulation, and in a therapeutically effective
amount. The quantity to be administered and timing
depends on the subject to be treated, capacity of the
subject's system to utilize the active ingredient, and
degree of therapeutic effect desired. Preciseamounts
of active ingredient required to be administered
depend on the judgment of the practitioner and are
peculiar to each individual. [0045] The therapeutic
composition useful for practicing the methods of the
present invention, e.g. irreversible EGFR inhibitors,
are described herein. Any formulation or drug delivery
system containing the active ingredients, which is
suitable for the intended use, as are generally known
to those of skill in the art, can be used. Suitable
pharmaceutically acceptable carriers for oral, rectal,
topical or parenteral (including inhaled,
subcutaneous, intraperitoneal, intramuscular and
intravenous) administration are known to those of
skill in the art. The carrier must be pharmaceutically
acceptable in the sense of being compatible with the
other ingredients of the formulation and not
deleterious to the recipient thereof. [0046] As used
herein, the terms "pharmaceutically acceptable",
"physiologically tolerable" and grammatical variations
thereof, as they refer to compositions, carriers,
diluents and reagents, are used interchangeably and
represent that the materials are capable of
administration to or upon a mammal without the
production of undesirable physiological effects.
[0047] Formulations suitable for parenteral
administration conveniently include sterile aqueous
preparation of the active compound which is preferably
isotonic with the blood of the recipient. Thus, such
formulations may conveniently contain distilled water,
5% dextrose in distilled water or saline. Useful
formulations also include concentrated solutions or
solids containing the compound which upon dilution
with an appropriate solvent give a solution suitable
for parental administration above. [0048] For enteral
administration, a compound can be incorporated into an
inert carrier in discrete units such as capsules,
cachets, tablets or lozenges, each containing a
predetermined amount of the active compound; as a
powder or granules; or a suspension or solution in an
aqueous liquid or non-aqueous liquid, e.g., a syrup,
an elixir, an emulsion or a draught. Suitable carriers
may be starches or sugars and include lubricants,
flavorings, binders, and other materials of the same
nature. [0049] A tablet may be made by compression or
molding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by
compressing in a suitable machine the active compound
in a free-flowing form, e.g., a powder or
granules,optionally mixed with accessory ingredients,
e.g., binders, lubricants, inert diluents, surface
active or dispersing agents. Molded tablets may be
made by molding in a suitable machine, a mixture of
the powdered active compound with any suitable
carrier. [0050] A syrup or suspension may be made by
adding the active compound to a concentrated, aqueous
solution of a sugar, e.g., sucrose, to which may also
be added any accessory ingredients. Such accessory
ingredients may include flavoring, an agent to retard
crystallization of the sugar or an agent to increase
the solubility of any other ingredient, e.g., as a
polyhydric alcohol, for example, glycerol or sorbitol.
[0051] Formulations for rectal administration may be
presented as a suppository with a conventional
carrier, e.g., cocoa butter or Witepsol S55 (trademark
of Dynamite 



Nobel Chemical, Germany), for a suppository base.
[0052] Formulations for oral administration may be
presented with an enhancer. Orally-acceptable
absorption enhancers include surfactants such as
sodium lauryl sulfate, palmitoyl carnitine, Laureth-9,
phosphatidylcholine, cyclodextrin and derivatives
thereof; bile salts such as sodium deoxycholate,
sodium taurocholate, sodium glycochlate, and sodium
fusidate; chelating agents including EDTA, citric acid
and salicylates; and fatty acids (e.g., oleic acid,
lauric acid, acylcarnitines, mono- and diglycerides).
Other oral absorption enhancers include benzalkonium
chloride, benzethonium chloride, CHAPS (3-
(3-cholamidopropyl)-dimethylammonio-l-propanesulfonate
), Big-CHAPS (N, N-bis(3-Dgluconamidopropyl)-
cholamide), chlorobutanol, octoxynol-9, benzyl
alcohol, phenols, cresols, and alkyl alcohols. An
especially preferred oral absorption enhancer for the
present invention is sodium lauryl sulfate. [0053]
Alternatively, the compound may be administered in
liposomes or microspheres (or microparticles). Methods
for preparing liposomes and microspheres for
administration to a patient are well known to those of
skill in the art. U.S. Pat. No. 4,789,734, the
contents of which are hereby incorporated by
reference, describes methods for encapsulating
biological materials in liposomes. Essentially, the
material is dissolved in an aqueous solution, the
appropriate phospholipids and lipids added, along with
surfactants if required, and the material dialyzed or
sonicated, as necessary. A review of known methods is
provided by G. Gregoriadis, Chapter 14, "Liposomes,"
Drug Carriers in Biology and Medicine, pp. 287-341
(Academic Press, 1979).[0054] Microspheres formed of
polymers or proteins are well known to those skilled
in the art, and can be tailored for passage through
the gastrointestinal tract directly into the blood
stream. Alternatively, the compound can be
incorporated and the microspheres, or composite of
microspheres, implanted for slow release over a period
of time ranging from days to months. See, for example,
U.S. Pat. Nos. 4,906,474, 4,925,673 and 3,625,214, and
Jein, TIPS 19:155-157 (1998), the contents of which
are hereby incorporated by reference. [0055] In one
embodiment, the tyrosine kinase inhibitor of the
present invention can be formulated into a liposome or
microparticle which is suitably sized to lodge in
capillary beds following intravenous administration.
When the liposome or microparticle is lodged in the
capillary beds surrounding ischemic tissue, the agents
can be administered locally to the site at which they
can be most effective. Suitable liposomes for
targeting ischemic tissue are generally less than
about 200 nanometers and are also typically
unilamellar vesicles, as disclosed, for example, in
U.S. Pat. No. 5,593,688 to Baldescliweiler, entitled
"Liposomal targeting of ischemic tissue," the contents
of which are hereby incorporated by reference. [0056]
Preferred microparticles are those prepared from
biodegradable polymers, such as polyglycolide,
polylactide and copolymers thereof. Those of skill in
the art can readily determine an appropriate carrier
system depending on various factors, including the
desired rate of drug release and the desired dosage.
[0057] In one embodiment, the formulations are
administered via catheter directly to the inside of
blood vessels. The administration can occur, for
example, through holes in the catheter. In those
embodiments wherein the active compounds have a
relatively long half life (on the order of 1 day to a
week or more), the formulations can be included in
biodegradable polymeric hydrogels, such as those
disclosed in U.S. Pat. No. 5,410,016 to Hubbell et al.
These polymeric hydrogels can be delivered to the
inside of a tissue lumen and the active compounds
released over time as the polymer degrades. If
desirable, the polymeric hydrogels can have
microparticles or liposomes which include the active
compound dispersed therein, providing another
mechanism for the controlled release of the active
compounds.[0058] The formulations may conveniently be
presented in unit dosage form and 



may be prepared by any of the methods well known in
the art of pharmacy. All methods include the step of
bringing the active compound into association with a
carrier which constitutes one or more accessory
ingredients. In general, the formulations are prepared
by uniformly and intimately bringing the active
compound into association with a liquid carrier or a
finely divided solid carrier and then, if necessary,
shaping the product into desired unit dosage form.
[0059] The formulations may further include one or
more optional accessory ingredient(s) utilized in the
art of pharmaceutical formulations, e.g., diluents,
buffers, flavoring agents, binders, surface active
agents, thickeners, lubricants, suspending agents,
preservatives (including antioxidants) and the like.
[0060] Compounds of the present methods (i.e.
irreversible EGFR inhibitors) may be presented for
administration to the respiratory tract as a snuff or
an aerosol or solution for a nebulizer, or as a
microfine powder for insufflation, alone or in
combination with an inert carrier such as lactose. In
such a case the particles of active compound suitably
have diameters of less than 50 microns, preferably
less than 10 microns, more preferably between 2 and 5
microns. [0061] Generally for nasal administration a
mildly acid pH will be preferred. Preferably the
compositions of the invention have a pH of from about
3 to 5, more preferably from about 3.5 to about 3.9
and most preferably 3.7. Adjustment of the pH is
achieved by addition of an appropriate acid, such as
hydrochloric acid. [0062] The preparation of a
pharmacological composition that contains active
ingredients dissolved or dispersed therein is well
understood in the art and need not be limited based on
formulation. Typically such compositions are prepared
as injectables either as liquid solutions or
suspensions, however, solid forms suitable for
solution, or suspensions, in liquid prior to use can
also be prepared. The preparation can also be
emulsified. [0063] The active ingredient can be mixed
with excipients which are pharmaceutically acceptable
and compatible with the active ingredient and in
amounts suitable for use in the therapeutic methods
described herein. Suitable excipients are, for
example, water, saline, dextrose, glycerol, ethanol or
the like and combinations thereof. Inaddition, if
desired, the composition can contain minor amounts of
auxiliary substances such as wetting or emulsifying
agents, pH buffering agents and the like which enhance
the effectiveness of the active ingredient. [0064] The
irreversible kinase inhibitors of the present
invention can include pharmaceutically acceptable
salts of the components therein. Pharmaceutically
acceptable salts include the acid addition salts
(formed with the free amino groups of the polypeptide)
that are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such
organic acids as acetic, tartaric, mandelic and the
like. Salts formed with the free carboxyl groups can
also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium or
ferric hydroxides, and such organic bases as
isopropylamine, trimethylamine, 2-ethylamino ethanol,
histidine, procaine and the like. [0065]
Physiologically tolerable carriers are well known in
the art. Exemplary of liquid carriers are sterile
aqueous solutions that contain no materials in
addition to the active ingredients and water, or
contain a buffer such as sodium phosphate at
physiological pH value, physiological saline or both,
such as phosphate-buffered saline. Still further,
aqueous carriers can contain more than one buffer
salt, as well as salts such as sodium and potassium
chlorides, dextrose, polyethylene glycol and other
solutes. [0066] Liquid compositions can also contain
liquid phases in addition to and to the exclusion of
water. Exemplary of such additional liquid phases are
glycerin, vegetable oils such as cottonseed oil, and
water-oil emulsions. 



Definitions: [0067] The terms "ErbB 1", "epidermal
growth factor receptor" and "EGFR" are used
interchangeably herein and refer to native sequence
EGFR as disclosed, for example, in Carpenter et al.
Ann. Rev. Biochem. 56:881-914 (1987), including
variants thereof (e.g. a deletion mutant EGFR as in
Humphrey et al. PNAS ( USA) 87:4207-421 1 (1990)).
erbBl refers to the gene encoding the EGFR protein
product. As used herein, the EGFR protein is disclosed
as GenBank accession no. NP_005219 (SEQ ID NO: 1)which
is encoded by the erbBl gene, GenBank accession no.
NM_005228 (SEQ ID NO: 2). Nucleotide and amino acid
sequences of erbBl /EGFR may be found in Figure 5.
[0068] The term "kinase activity increasing nucleic
acid variance" as used herein refers to a variance
(i.e. mutation) in the nucleotide sequence of a gene
that results in an increased kinase activity. The
increased kinase activity is a direct result of the
variance in the nucleic acid and is associated with
the protein for which the gene encodes. [0069] The
term "drug" or "compound" as used herein refers to a
chemical entity or biological product, or combination
of chemical entities or biological products,
administered to a person to treat or prevent or
control a disease or condition. The chemical entity or
biological product is preferably, but not necessarily
a low molecular weight compound, but may also be a
larger compound, for example, an oligomer of nucleic
acids, amino acids, or carbohydrates including without
limitation proteins, oligonucleotides, ribozymes,
DNAzymes, glycoproteins, siRNAs, lipoproteins,
aptamers, and modifications and combinations thereof.
[0070] As used herein, the terms "effective" and
"effectiveness" includes both pharmacological
effectiveness and physiological safety.
Pharmacological effectiveness refers to the ability of
the treatment to result in a desired biological effect
in the patient. Physiological safety refers to the
level of toxicity, or other adverse physiological
effects at the cellular, organ and/or organism level
(often referred to as side-effects) resulting from
administration of the treatment. "Less effective"
means that the treatment results in a therapeutically
significant lower level of pharmacological
effectiveness and/or a therapeutically greater level
of adverse physiological effects. [0071] Nucleic acid
molecules can be isolated from a particular biological
sample using any of a number of procedures, which are
well-known in the art, the particular isolation
procedure chosen being appropriate for the particular
biological sample. For example, freeze-thaw and
alkaline lysis procedures can be useful for obtaining
nucleic acid molecules from solid materials; heat and
alkaline lysis procedures can be useful for obtaining
nucleic acid molecules from urine; and proteinase K
extraction can be used to obtain nucleic acid from
blood (Rolff, A et al. PCR: Clinical Diagnostics and
Research, Springer (1994).[0072] As used herein, a
"cancer" in a subject or patient refers to the
presence of cells possessing characteristics typical
of cancer-causing cells, such as uncontrolled
proliferation, immortality, metastatic potential,
rapid growth and proliferation rate, and certain
characteristic morphological features. In some
circumstances, cancer cells will b e in the form of a
tumor, or such cells may exist locally within an
animal, or circulate in the blood stream as
independent cells. EXAMPLES [0073] Compounds.
Compounds used herein, including EKB-569, HKl -357,
and HK1-272 as described in U.S. Pat. No. 6,002,008;
Greenberger et al, Proc. 11th NCI EORTC-AACR Symposium
on New Drugs in Cancer Therapy, Clinical Cancer Res.
Vol. 6 Supplement, Nov. 2000, ISSN 1078-0432; in
Rabindran et al., Cancer Res. 64: 3958- 3965 (2004);
Holbro and Hynes, Ann. Rev. Pharm. Tox. 44:195-217
(2004); and Tejpar et al., J. Clin. Oncol. ASCO Annual
Meeting Proc. Vol. 22, No. 14S: 3579 (2004). [0074]
Analysis of Recurrent NSCLC and Generation of
Gefitinib- Resistant NCI-Hl 650 Cells. Clinical
specimens of recurrent NSCLC were obtained at 



autopsy after appropriate consent. The entire kinase
domain of EGFR was sequenced after analysis of
uncloned PCR products. Multiple clones of exon 20 were
sequenced to examine codon 790. Mutational analysis of
EGFR (exons 1-28), ERBB2 (exons 1-24), PTEN(Qxons
1-9), Kras (codons 12, 13, and 61), andp53 (exons 5-8)
in gefitinibresistant clones as well as the parental
NCI-H1650 cell line was performed by automated
sequencing of individual exons and flanking intronic
sequence (PCR conditions available on request) with
bidirectional sequencing by using dye terminator
chemistry (BIGDYE version 1.1, Applied Biosystems).
Sequencing reactions were run on an ABI3100 sequencer
(Applied Biosystems), and electropherograms were
analyzed by using SEQUENCE NAVIGATORand FACTURA
software (Applied Biosystems). [0075] To generate
resistant subclones of NCI-Hl 650 cells, these were
treated with ethyl methane sulfonate (EMS; 600 mg/ml),
allowed to recover for 72 h, and then seeded at a
density of 6 x 104 cells per 10-cm 2 dish in 20 mM
gefitinib. Relative resistanceof these cells to
gefitinib, compared with the irreversible inhibitors,
was achieved by seeding 5 x 104 cells in six-well
plates in 5% FCS and 100 ng/ml EGF (Sigma), in the
presence of varying concentrations of drugs, followed
after 72 h by fixing cells with 4% formaldehyde,
staining with 0.1% crystal violet, and quantifying
cell mass by using the Odyssey Infrared Imaging System
(LI-COR Biosciences, Lincoln, NE). For small
interfering RNA (siRNA) knockdown experiments, cells
were transfected with doublestranded RNA
oligonucleotides targeting EGFR, ERBB2 (both SMARTpool
from Dharmacon, Lafayette, CO), or nonspecific control
(LRTlB), using X-treme GENE transfection reagent
(Roche Applied Science). After 72 h, cells were
stained with crystal violet and analyzed on the
Odyssey Infrared scanner. [0076] Immunoblotting and
Signaling Studies. Inhibition of EGFR signaling by
increasing concentrations of gefitinib or the
irreversible inhibitors was determined by seeding 9 x
10 cells in 24-well plates, adding the drugs to medium
containing 5% FCS for 15 min, followed by a 2-h pulse
with 100 ng/ml EGF, and harvesting of lysates. Lysates
were prepared in 2x gel loading buffer, sonicated,
boiled, and then separated by 10% SDS/PAGE, followed
by electrotransfer to polyvinylidene fluoride (PVDF)
membranes, and immunoblotting. Antibodies used were
phospho-EGFR Yl 068 and phospho-mitogen-activated
protein kinase (MAPK) (Cell Signaling Technology,
Beverly, MA), phospho-AKT (BioSource International,
Camarillo, CA), and total EGFR, MAPK, AKT, and tubulin
(Santa Cruz Biotechnology). [0077] Analysis of EGFR
Internalization. To demonstrate internalization of
EGFR by fluorescence microscopy, cells were grown on
coverslips and incubated with 1 ng/ml recombinant
human (rh) EGF (Molecular Probes, Eugene, OR) for
various intervals before fixing in 4% paraformaldehyde
for 10 min. Coverslips were washed in PBS and mounted
with ProLong Gold antifade reagent (Molecular Probes).
To quantify EGFR internalization by cell surface
biotinylation, cells were grown to confluency,
pretreated with cyclohexamide, incubated on ice for 1
h with 1.5 mg/ml sulfosuccinimidyl-2-
(biotinamido)ethyl-l,3-dithiopropionate
(sulfo-NHS-SS-biotin; Pierce), and washed with
blocking buffer (50 nM NH4CL/1 mM MgCl2A). 1mM CaCl2
in PBS) to quench freesulfo-NHS-SS-biotin, followed by
several further washes with PBS. The cells were then
incubated in culture medium at 370C for various
intervals to allow internalization of the biotinylated
molecules, washed twice for 20 min in a glutathione
solution (50 mM glutathione/75 mMNaCl/75 mM NaOH/1%
BSA) on ice to strip all of the biotinyl groups from
the cell surface, and then scraped and lysed in 500 mM
radioimmunoprecipitation assay (RIPA) buffer (25 mM
Tris-HCl, pH 7.4, with 150 mMNaCL/0.1% SDS/1% Triton
X-100) supplemented with NaF, Na-orthovanadate, and
protease inhibitors. Cell extracts were centrifuged,
and the supernatants were incubated with streptavidin
beads (Sigma) to collect the biotinylated proteins,
which were then analyzed by SDS/PAGE and
immunoblotting with anti-EGFR antibody (SC-03, Santa
Cruz Biotechnology) or antibody 



against transferrin receptor (Santa Cruz
Biotechnology). [0078] Results and Discussion [0079]
Analysis of Recurrent Lung Cancers with Acquired
Resistance to Gefitinib. Recurrent gefitinib-resistant
NSCLC developed in two patients whose tumors had
harbored an activating mutation of the EGFR kinase at
the time of diagnosis and who had shown a dramatic
initial clinical response to the drug (1). In both
cases, progressive metastatic disease in the liver led
to the patients' demises, 1-2 years after initiation
of treatment. In case 1, analysis of the major liver
metastasis obtained at the time of autopsy indicated
persistence of the sensitizing EGFR mutation (L858R),
as well as the presence of a newly acquired T790M
mutation (Fig. IA). Interestingly, analysis of
uncloned PCR products showed the initial L858R
mutation to be present at an abundance consistent with
a heterozygous mutation that is present in all tumor
cells, whereas the secondary T790M mutation was seen
at approximately one-fifth the abundance of the
corresponding wildtype allele. Thus, this
resistance-associated mutation seems to be present in
only a fraction of cells within the recurrent tumor.
[0080] Case 2 involved eight distinct recurrent
metastases in the liver after the failure of gefitinib
therapy. In all of these independent lesions, the
sensitizing L861Q EGFR mutation was present at the
expected ratio for a heterozygous mutation. No
secondary EGFR mutation was detectable by analysis of
uncloned PCR products from anyof these metastases.
However, after subcloning of the PCR products, the
T790M mutation was found to be present at very low
frequency in two of the four metastatic tumors
analyzed (T790M, 2 of 50 clones sequenced from lesion
1 and 1 of 56 from lesion 2), but not from two other
recurrent metastases (0 of 55 clones from lesion 3 and
0 of 59 from lesion 4), or the primary tumor (0 of 75
clones) (Fig. W and Table 1). Taken together, these
results are consistent with previous reports that the
T790M mutation is present in some, but not all, cases
of acquired gefitinib resistance (three of seven
tumors; see refs. 17, 18, and 21). Furthermore, as
previously noted (18), even in some cases with this
resistance-associated mutation, it seems to be present
in only a small fraction of tumor cells within a
recurrent lesion. These observations suggest that
additional mechanisms of resistance are involved in
cases without a secondary EGFR mutation and that such
mechanisms coexist with the T790M mutation in other
cases. [0081] Generation of Gefitinib-Resistant Cell
Lines with Susceptibility to Irreversible Inhibitors.
Given the excellent correlation between the clinical
responsiveness of EGFR-mutant NSCLC and the enhanced
gefitinib-sensitivity of NSCLC cell lines with these
mutations (2, 6, 22, 23), and the limited availability
of clinical specimens from relapsing patients, we
modeled gefitinib resistance in vitro. We cultured the
bronchoalveolar cancer cell line NCI-Hl 650, which has
an in-frame deletion of the EGFR kinase
(delE746-A750), in 20 mM gefitinib, either with or
without prior exposure to the mutagen ethyl methane
sulfonate. This cell line exhibits 100-fold increased
sensitivity to gefitinib, compared with some NSCLC
lines expressing wild-type EGFR (6). Whereas the vast
majority of these cells are efficiently killed by 20
mM gefitinib, drug-resistant colonies were readily
observed at a frequency of ~10~5, irrespective of
mutagen treatment. Forty-nine independent
drug-resistant clones were isolated, showing an
average 50-fold decrease in gefitinib sensitivity
(Fig. 2A). All of these showed persistence of the
sensitizing mutation without altered expression of
EGFR, and none had acquired a secondary EGFR mutation
or new mutations in ERBB2, p53, Kras, or PTEN.
Gefitinib-resistant clones demonstrated comparable
resistance to related inhibitors of the
anilinoquinazoline class. Remarkably, however, they
displayed persistent sensitivity to three inhibitors
of the ERBB family (Fig. 2A): HKI-272 (24) and
HKI-357(compound 7f in ref. 25), which are dual
inhibitors of EGFR and ERBB2 (IC50 values of 92 and 34
nM, respectively, for EGFR and 59 and 33 nM,
respectively, for ERBB2), and EKB-569 (26), a
selective inhibitor of EGFR (IC50 values of 39 nM for
EGFR and 1.3 mM 



for ERBB2) (Wyeth) (Fig. 2B). All three drugs are
irreversible inhibitors, most likely via a covalent
bond with the cys773 residue within the EGFR catalytic
domain or the cys805 of ERBB2. Like gefitinib, these
compounds demonstrate increased killing of NSCLC cells
harboring an EGFR mutation, compared with cells
expressing wild-type receptor (Fig. 2A). However, in
contrast to gefitinib, against which resistant clones
are readily generated, even at high drug
concentrations, we were unable to establish clones of
cells that were resistant to the irreversible
inhibitors at concentrations above 10 mM, even after
ethyl methane sulfonate mutagenesis (Fig. 2C). [0082]
Dependence of Gefitinib-Resistant Cells on EGFR and
ERBB2 Expression. To gain insight into the mechanisms
underlying the acquisition of gefitinib resistance and
the persistent sensitivity to the irreversible
inhibitors, we first determined whether resistant cell
lines remain dependent upon EGFR for their viability.
We have previously shown that siRNA-mediated knockdown
of EGFR triggers apoptosis in cells harboring mutant
EGFRs, but not in those with wild-type alleles (6).
Significantly, parental NCI-Hl 650 cells as well as
their gefitinib-resistant derivatives showed
comparable reduction in cell viability after
transfection with siRNA targeting EGFR (Fig. 3A).
Thus, acquisition of gefitinib-resistance does not
involve EGFR-independent activation of downstream
effectors. Because HKI-272 and HKI-357 target both
EGFR and ERBB2, we also tested suppression of this
related receptor. Knockdown of ERBB2 in NCI-Hl 650 and
its gefitinib-resistant derivatives also caused loss
of viability (Fig. 3A), suggesting a role for
EGFR-ERBB2 heterodimers in transducing essential
survival signals in tumor cells harboring EGFR
mutations. Inhibition of EGFR alone by an irreversible
inhibitor seems to be sufficient to induce apoptosis
in gefitinib-resistant cells, as demonstrated by the
effectiveness of EKB-569, which primarily targets EGFR
(26). However, given the potentially complementary
effects of targeting both EGFR and ERBB2 by using
siRNA and the availability of irreversible inhibitors
that target both of these family members, the
potential benefit of dual inhibition warrants
consideration.[0083] We compared the ability of
gefitinib and irreversible ERBB family inhibitors to
suppress signaling via downstream effectors of EGFR
that mediate its proliferative and survival pathways.
HKI-357 was 10-fold more effective than gefitinib in
suppressing EGFR autophosphorylation (measured at
residue Yl 068), and AKT and MAPK phosphorylation in
parental NCI-Hl 650 cells harboring the delE746-A750
EGFR mutation (Fig. 3B). In a gefitinib-resistant
derivative, NCI-H1650(G7), gefitinib exhibited
considerably reduced efficacy in suppressing AKT
phosphorylation, a key EGFR signaling effector linked
to gefitinib responsiveness (6), whereas HKI-357
demonstrated persistent activity (Fig. 3B). [0084]
Altered EGFR Internalization in Geftinib-Resistant
Clones. Given the absence of secondary mutations in
EGFR and the persistent susceptibility of
gefitinibresistant cells to siRNA-mediated suppression
of EGFR, we tested whether the mechanism underlying
the differential inhibition of EGFR signaling in
gefitinib-resistant cells by reversible and
irreversible inhibitors might be correlated with
alterations in receptor trafficking, a well documented
modulator of EGFR-dependent signaling (20). Indeed,
analysis of EGFR trafficking in NCI-Hl 650-derived
resistant cells demonstrated a consistent increase in
EGFR internalization, compared with the parental
drug-sensitive cells, as measured both by
internalization of fluorescein-labeled EGF (Fig. 3C)
and quantitation of cytoplasmic biotinylated EGFR
(Fig. 3D). No such effect was observed with the
transferrin receptor, suggesting that this did not
result from a generalized alteration in all receptor
processing. Although further work is required to
define the precise mechanism for this alteration in
EGFR trafficking, a complex process in which numerous
regulatory proteins have been implicated, these
results suggest that gefitinib's ability to inhibit
EGFR activation is compromised in these cells, whereas
the action of the 



irreversible inhibitors are not detectably affected.
[0085] Inhibition of T790M EGFR Signaling and Enhanced
Cell Killing by Irreversible Inhibitors. The enhanced
suppression of EGFR signaling by irreversible ERBB
inhibitors raised the possibility that these drugs may
also exhibit persistent activity in the context of
cells harboring the T790M secondary mutation in EGFR.
We thereforetested the effect of these inhibitors on
the NCI-Hl 975 bronchoalveolar cancer cell line, which
harbors both L858R and T790M mutations in EGFR (18).
Significantly, this cell line was derived from a
patient that had not been treated with an EGFR
inhibitor, indicating that this mutation is not
uniquely associated with acquired drug resistance.
Both HKI-357 and HKI-272 were considerably more
effective than gefitinib in suppressing ligand-induced
EGFR autophosphorylation and its downstream signaling,
as determined by AKT and MAPK phosphorylation (Fig.
AA). Similarly, all three irreversible inhibitors
suppressed proliferation in this cell line under
conditions where it is resistant to gefitinib (Fig.
4B). Thus, irreversible ERBB inhibitors seem to be
effective in cells harboring the T790M EGFR as well as
in cells with altered trafficking of the wildtype
receptor. [0086] Our results confirm the report of
T790M mutations in EGFR as secondary mutations that
arise in previously sensitive NSCLCs harboring an
activating mutation, associated with the emergence of
acquired resistance (17, 18). However, this mutation
is present only in a subset of cases, and even tumors
that harbor the T790M mutation may contain only a
small fraction of cells with this mutation. These
observations imply that multiple resistance mechanisms
can coexist in recurrent tumors after an initial
response to gefitinib or similar reversible EGFR
inhibitors. Moreover, these findings suggest that
T790M-independent resistance mechanisms may be
equally, if not more, effective than the T790M
substitution itself in conferring drug resistance and
may explain why recurrent tumors rarely exhibit
clonality for T790M (17, 18). In vitro mechanisms of
acquired gefitinib resistance do not involve secondary
EGFR mutations at a significant frequency, but instead
are correlated with altered receptor trafficking.
However, it should be noted that we have not examined
EGFR trafficking in all of the resistant clones that
we established in vitro, and it remains possible that
additional mechanisms may contribute to gefitinib
resistance in some of the clones. Nonetheless,
virtually all gefitinib-resistant clones exhibited
comparable sensitivity to the irreversible ERBB
inhibitors. [0087] Our results indicate striking
differences between competitive EGFR inhibitors such
as gefitinib, whose effectiveness is limited by the
rapid development ofdrug resistance in vitro, and
irreversible inhibitors, to which acquired resistance
appears to be rare (Fig. 2C). We speculate that
increased internalization of ligand-bound EGFR in
resistant cells may be linked to dissociation of the
gefitinib-EGFR complex at the low pH of intracellular
vesicles. In contrast, irreversible cross-linking of
the receptor would be unaffected by such alterations
in receptor trafficking. Acquired resistance to
gefitinib is stably maintained after passage of cells
for up to 20 generations in the absence of drug,
suggesting that genetic or epigenetic alterations in
genes that modulate EGFR turnover may underlie this
phenomenon. Because receptor trafficking cannot be
readily studied by using available clinical specimens,
identification of such genomic alterations may be
required before clinical correlations are possible.
Nonetheless, such a mechanism may contribute to in
vivo acquired gefitinib-resistance in patients with
recurrent disease who do not have secondary mutations
in EGFR. [0088] Irreversible ERBB inhibitors also seem
to be effective in overcoming gefitinib resistance
mediated by the T790M mutation, an effect that
presumably results from the preservation of inhibitor
binding despite alteration of this critical residue.
While this work was in progress, another irreversible
inhibitor of EGFR [CL-3 87,785, Calbiochem (27)] was
shown to inhibit the kinase activity of the T790M EGFR
mutant (17). The effectiveness of CL-387,785 in the
context of T790M was proposed to result 



from the absence of a chloride at position 3 of the
aniline group, which is present in gefitinib and was
postulated to interfere sterically with binding to the
mutant methionine at codon 790. However, EKB-569,
HKI-272, and HKI-357 all have chloride moieties at
that position in the aniline ring, suggesting that
their shared ability to bind irreversibly to EGFR is
likely to explain their effectiveness, rather than the
absence of a specific steric interaction with T790M
(24-26). Thus, these irreversible inhibitors may prove
to be broadly effective in circumventing a variety of
resistance mechanisms, in addition to the T790M
mutation.Table 1. Presence of EGFR T790M mutation at
very low frequency in recurrent tumors from case 2 No.
of clones Tumor T790M mutant Wild type Primary 0 75
Recurrent 1 2 48 Recurrent 2 1 55 Recurrent 3 0 55
Recurrent 4 0 59 [0089] Sequencing of large numbers of
cloned PCR products revealed that a minority of
alleles within two of four liver lesions contain the
T790M mutation. [0090] The references cited throughout
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treating geftinib and/or erlotinib resistant cancer,
comprising the steps of: a. monitoring progression of
a cancer in a subject at a time point after the
subject has initiated geftinib and/or erlotinib
treatment, wherein progression of the cancer is
indicative of cancer that is resistant to gef tinib
and/ or erlotinib treatment; and b. administering to
the subject having a cancer that is resistant to
geftinib and/ or erlotinib treatment a pharmaceutical
composition comprising an irreversible epidermal
growth factor receptor (EGFR) inhibitor. 2. The method
of claim 1, wherein the irreversible EGFR inhibitor is
selected from the group consisting of EKB-569, HKI-272
and HKI-357. 3. The method of claim 1, wherein the
irreversible EGFR inhibitor binds to cysteine 773 of
EGFR (SEQ ID NO: 1). 4. The method of claim 1, wherein
progression of the cancer is monitored by way of
visual inspection of the cancer. 5. The method of
claim 4, wherein visual inspection of the cancer is by
means of X-ray, CT scan or MRI. 6. The method of claim
1, wherein the progression of the cancer is monitored
by way of tumor biomarker detection. 7. The method of
claim 1, wherein monitoring progression of a cancer
comprises comparing the cancer at a second time point
with the cancer at a first time point, wherein the
second time point is after the first time point,
wherein the first time point is before or after
initiation of gefitinib and/ or erlotinib treatment,
wherein increased growth of the cancer indicates
progression of the cancer.8. The method of claim 7,
wherein at additional time points the cancer is
compared with preceding time points. 



9. The method of claim 1, wherein the cancer is
epithelial cell cancer. 10. The method of claim 1,
wherein the cancer is gastrointestinal cancer,
prostate cancer, ovarian cancer, breast cancer, head
and neck cancer, esophageal cancer, lung cancer,
non-small cell lung cancer, cancer of the nervous
system, kidney cancer, retina cancer, skin cancer,
liver cancer, pancreatic cancer, genital-urinary
cancer and bladder cancer. 11. A method of treating
cancer, comprising the steps of: a. administering
gefitinib and/ or erlotinib to a subject with cancer;
b. monitoring progression of the subject's cancer; and
c. administering to the subject an irreversible EGFR
inhibitor upon indication of progression of the
cancer. 12. The method of claim 11, wherein the
irreversible EGFR inhibitor is selected from the group
consisting of EKB-569, HKI-272 and HKI-357. 13. The
method of claim 11, wherein the irreversible EGFR
inhibitor binds to cysteine 773 of EGFR (SEQ ID NO:
1). 14. The method of claim 11, wherein progression of
the cancer is monitored by way of visual inspection of
the cancer. 15. The method of claim 14, wherein visual
inspection of the cancer is by means of Xray, CT scan
or MRI. 16. The method of claim 11, wherein the
progression of the cancer is monitored by way of tumor
biomarker detection. 17. The method of claim 11,
wherein monitoring progression of a cancer comprises
comparing the cancer at a second time point with the
cancer at a first time point, wherein the second time
point is after the first time point, wherein the first
time pointis before or after initiation of gefitinib
and/ or erlotinib treatment, wherein increased growth
of the cancer indicates progression of the cancer. 18.
The method of claim 17, wherein at additional time
points the cancer is compared with preceding time
points. 19. The method of claim 11, wherein the cancer
is epithelial cell cancer. 20. The method of claim 11,
wherein the cancer is gastrointestinal cancer,
prostate cancer, ovarian cancer, breast cancer, head
and neck cancer, esophageal cancer, lung cancer,
non-small cell lung cancer, cancer of the nervous
system, kidney cancer, retina cancer, skin cancer,
liver cancer, pancreatic cancer, genital-urinary
cancer and bladder cancer. 2 1. The method of claim
11, wherein the irreversible EGFR inhibitor is
administered simultaneously with a reversible EGFR
inhibitor. 22. The method of claim 21, wherein the
reversible EGFR inhibitor is gefitinib or erlotinib.
23. A method of treating cancer, comprising
administering to a subject with a cancer having a
mutation in EGFR (SEQ ID NO: 1), wherein the mutation
is substitution of a methionine for a threonine at
position 790, a pharmaceutical composition comprising
an irreversible EGFR inhibitor. 24. The method of
claim 23, wherein the EGFR inhibitor is selected from
the group consisting of EKB-569, HKI-272 and HKI-357.
25. The method of claim 23, wherein the irreversible
EGFR inhibitor bind to cysteine 773 26. The method of
claim 23, wherein the cancer is epithelial cell
cancer. 27. The method of claim 23, wherein the cancer
is gastrointestinal cancer, prostate cancer, ovarian
cancer, breast cancer, head and neck cancer,
esophageal cancer, lung cancer, non-small cell lung
cancer, cancer of the nervous system, kidney cancer,
retina cancer, skin cancer, liver cancer, pancreatic
cancer, genital-urinary cancer and bladder cancer. 


