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(57) ABSTRACT 
The present invention provides methods of using aryl ureas 
to treat diseases and conditions associated With signal trans 
duction pathways comprising at least one of raf, VEGFR, 
PDGFR, p38 and/or FLT-3. The present invention also 
provides compositions and methods for identifying condi 
tions and diseases Which can be modulated With compounds 
of the present invention. These methods facilitate the selec 
tion of subjects Who can be ef?ciently treated With com 
pounds of the present invention. Additionally, the invention 
provides methods for monitoring subjects Who have been 
administered a compound of the present invention. 
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DIARYL UREAS WITH KINASE INHIBITING 
ACTIVITY 

[0001] This application claims the bene?t of Us. Provi 
sional Application Nos. 60/556,062, ?led Mar. 25, 2004, 
60/520,399, ?led Nov. 17, 2003, and 60/471,735, ?led May 
20, 2003, each of Which are hereby incorporated by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Activation of the ras signal transduction pathWay 
indicates a cascade of events that have a profound impact on 
cellular proliferation, differentiation, and transformation. 
Raf kinase, a downstream effector of ras, is a key mediator 
of these signals from cell surface receptors to the cell 
nucleus (LoWy, D. R. and Willumsen, B. M. Ann. Rev. 
Biochem. 1993, 62, 851; Bos, J. L. Cancer Res. 1989, 49, 
4682). It has been shoWn that inhibiting the effect of active 
ras by inhibiting the raf kinase signaling pathWay by admin 
istration of deactivating antibodies to raf kinase or by 
co-expression of dominant negative raf kinase or dominant 
negative MEK, the substrate of raf kinase, leads to the 
reversion of transformed cells to the normal groWth pheno 
type (e.g., Daum et al. Trends Biochem. Sci. 1994, 19, 
474-80; Fridman et al. J. Biol. Chem. 1994, 269, 30105-8). 
Kolch et al. (Nature 1991, 349, 426-28) have further shoWn 
that inhibition of raf expression by antisense RNA blocks 
cell proliferation in membrane-associated oncogenes. Simi 
larly, inhibition of raf kinase (by antisense oligodeoxynucle 
otides) has been correlated in vitro and in vivo With inhibi 
tion of the groWth of a variety of human tumor types (Monia 
et al., Nat. Med. 1996, 2, 668-75). Thus, small molecule 
inhibitors of Raf kinase activity are important agents for the 
treatment of cancer (Naumann, U.; Eisemnann-Tappe, I.; 
Rapp, U. R. Recent Results Cancer Res. 1997, 143, 237; 
Monia, B. P.; Johnston, J. E; Geiger, T.; Muller, M.; Fabbro, 
D. Nature Medicine 1996, 2, 668). 

[0003] To support progressive tumor groWth beyond the 
siZe of 1-2 mm3, tumor cells require a functional stroma, a 
support structure consisting of ?broblast, smooth muscle 
cells, endothelial cells, extracellular matrix proteins, and 
soluble factors (Folkman, 1., Semin Oncol, 2002. 29(6 Suppl 
16), 15-8). Tumors induce the formation of stromal tissues 
through the secretion of soluble groWth factor such as PDGF 
and transforming groWth factor-beta (TGF-beta), Which in 
turn stimulate the secretion of complimentary factors by host 
cells such as ?broblast groWth factor (FGF), epidermal 
groWth factor (EGF), and vascular endothelial groWth factor 
(VEGF). These stimulatory factors induce the formation of 
neW blood vessels, or angiogenesis, Which brings oxygen 
and nutrients to the tumor and alloWs it to groW and provides 
a route for metastasis. 

[0004] There is a need of developing a novel agent With 
pluripotent activity against a number of key signaling path 
Ways utiliZed by tumors to induce angiogenesis in the host 
stroma. These include PDGF, a potent stimulator of stroma 
formation (Ostman, A. and C. H. Heldin, Adv Cancer Res, 
2001, 80, 1-38), FGF, a chemo-attractant and mitogen for 
?broblasts and endothelial cells, and VEGF, a potent regu 
lator of vasculariZation. 

[0005] One of the key regulators of stromal formation is 
PDGF, Which is secreted by many tumors in a paracrine 
fashion and promotes the groWth of ?broblasts, smooth 
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muscle and endothelial cells, promoting stroma formation 
and angiogenesis. PDGF Was originally identi?ed as the 
v-sis oncogene product of the simian sarcoma virus (Heldin, 
C. H., et al., J Cell Sci Suppl, 1985, 3, 65-76). The groWth 
factor is made up of tWo peptide chains, referred to as A or 
B chains Which share 60% homology in their primary amino 
acid sequence. The chains are disul?de cross linked to form 
the 30 kDa mature protein composed of either AA, BB or AB 
homo- or heterodimmers. PDGF is found at high levels in 
platelets, and is expressed by endothelial cells and vascular 
smooth muscle cells. In addition, the production of PDGF is 
up regulated under loW oxygen conditions such as those 
found in poorly vasculariZed tumor tissue (Kourembanas, S., 
et al., Kidney Int, 1997, 51(2), 438-43). PDGF binds With 
high affinity to the PDGF receptor, a 1106 amino acid 124 
kDa transmembrane tyrosine kinase receptor (Heldin, C. H.; 
A. Ostman, and L. Ronnstrand, Biochim BiophysActa, 1998. 
1378(1), 79-113). PDGFR is found as homo- or heterodimer 
chains Which have 30% homology overall in their amino 
acid sequence and 64% homology betWeen their kinase 
domains (Heldin, C. H., et al. Embo J, 1988, 7(5), 1387-93). 
PDGFR is a member of a family of tyrosine kinase receptor 
With split kinase-domains that includes VEGFR2 (KDR), 
c-Kit, and FLT3 Which have all been found to have a role in 
promoting tumor angiogenesis, groWth and survival. The 
PDGF receptor is expressed primarily on ?broblast, smooth 
muscle cells, and pericytes and to a lesser extent on neurons, 
kidney mesangial, Leydig, and SchWann cells of the central 
nervous system. Upon binding to the receptor, PDGF 
induces receptor dimeriZation and undergoes auto- and 
trans-phosphorylation of tyrosine residues Which increase 
the receptors’ kinase activity and promotes the recruitment 
of doWnstream effectors through the activation of SH2 
protein binding domains. A number of signaling molecules 
form complexes With activated PDGFR including PI-3 
kinase, phospholipase C-gamma, src and GAP (GTPase 
activating protein for p21-ras) (Soskic, V., et al. Biochem 
istry, 1999, 38(6), 1757-64). Through the activation of 
PI-3-kinase, PDGF activates the Rho signaling pathWay 
inducing cell motility and migration, and through the acti 
vation of GAP, induces mitogenesis through the activation 
of p21-ras and the MAPK signaling pathWay. 

[0006] In adults, the major function of PDGF is to facili 
tate and increase the rate of Wound healing and to maintain 
blood vessel homeostasis (Baker, E. A. and D. J. Leaper, 
Wound Repair Regen, 2000. 8(5), 392-8; Yu, 1., A. Moon, 
and H. R. Kim, Biochem Biophys Res Commun, 2001. 
282(3), 697-700). PDGF is found at high concentrations in 
platelets and is a potent chemoattractant for ?broblast, 
smooth muscle cells, neutrophils and macrophages. In addi 
tion to its role in Wound healing PDGF helps maintain 
vascular homeostasis. During the development of neW blood 
vessels, PDGF recruits pericytes and smooth muscle cells 
that are needed for the structural integrity of the vessels. 
PDGF is thought to play a similar role during tumor neovas 
culariZation. As part of its role in angiogenesis PDGF 
controls interstitial ?uid pressure, regulating the permeabil 
ity of vessels through its regulation of the interaction 
betWeen connective tissue cells and the extracellular matrix. 
Inhibiting PDGFR activity can loWer interstitial pressure 
and facilitate the in?ux of cytotoxics into tumors improving 
the anti-tumor ef?cacy of these agents (Pietras, K., et al. 
Cancer Res, 2002. 62(19), 5476-84; Pietras; K., et al. 
Cancer Res, 2001. 61(7), 2929-34). 
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[0007] PDGF can promote tumor growth through either 
the paracrine or autocrine stimulation of PDGFR receptors 
on stromal cells or tumor cells directly, or through the 
ampli?cation of the receptor or activation of the receptor by 
recombination. Over expressed PDGF can transform human 
melanoma cells and keratinocytes (Forsberg, K., et al. Proc 
Natl Acad Sci USA., 1993. 90(2), 393-7; Skobe, M. and N. 
E. Fusenig, Proc Natl Acad Sci USA, 1998. 95(3), 1050-5), 
tWo cell types that do not express PDGF receptors, presum 
ably by the direct effect of PDGF on stroma formation and 
induction of angiogenesis. This paracrine stimulation of 
tumor stroma is also observed in carcinomas of the colon, 
lung, breast, and prostate (BhardWaj, B., et al. Clin Cancer 
Res, 1996, 2(4), 773-82; Nakanishi, K., et al. Mod Pathol, 
1997, 10(4), 341-7; Sundberg, C., et al. Am JPathol, 1997, 
151(2), 479-92; Lindmark, G., et al. Lab Invest, 1993, 69(6), 
682-9; Vignaud, J. M., et al, Cancer Res, 1994, 54(20), 
5455-63) Where the tumors express PDGF, but not the 
receptor. The autocrine stimulation of tumor cell groWth, 
Where a large faction of tumors analyZed express both the 
ligand PDGF and the receptor, has been reported in glio 
blastomas (Fleming, T. P., et al. Cancer Res, 1992, 52(16), 
4550-3), soft tissue sarcomas (Wang, 1., M. D. Coltrera, and 
A. M. GoWn, Cancer Res, 1994, 54(2), 560-4) and cancers 
ofthe ovary (Henriksen, R., et al. Cancer Res, 1993, 53(19), 
4550-4), prostate (Fudge, K., C. Y. Wang, and M. E. Steams, 
Mod Pathol, 1994, 7(5), 549-54), pancreas (Funa, K., et al. 
Cancer Res, 1990, 50(3), 748-53) and lung (Antoniades, H. 
N., et al., Proc Natl Acad Sci USA, 1992, 89(9), 3942-6). 
Ligand independent activation of the receptor is found to a 
lesser extent but has been reported in chronic myelomono 
cytic leukemia (CMML) Where a chromosomal transloca 
tion event forms a fusion protein betWeen the Ets-like 
transcription factor TEL and the PDGF receptor. In addition, 
activating mutations in PDGFR have been found in gas 
trointestinal stromal tumors in Which c-Kit activation is not 
involved (Heinrich; M. C., et al., Science, 2003, 9, 9). 
PDGFR inhibitors Will interfere With tumor stromal devel 
opment and inhibit tumor groWth and metastasis Without 
undue side effects. Additional factors such as VEGF and 
FGF, secreted by stromal cells in response to tumor secreted 
PDGF, play key roles in stromal formation, angiogenesis 
and tumor progression. 

[0008] Another major regulator of angiogenesis and vas 
culogenesis in both embryonic development and some 
angiogenic-dependent diseases is vascular endothelial 
groWth factor (VEGF; also called vascular permeability 
factor, VPF). VEGF represents a family of isoforms of 
mitogens existing in homodimeric forms due to alternative 
RNA splicing. The VEGF isoforms are highly speci?c for 
vascular endothelial cells (for revieWs, see: Farrara et al. 
Endocr Rev. 1992, 13, 18; Neu?eld et al.FASEBJ. 1999, 13, 
9). 
[0009] VEGF expression is induced by hypoxia (ShWeiki 
et al. Nature 1992, 359, 843), as Well as by a variety of 
cytokines and groWth factors, such as interleukin-1, inter 
leukin-6, epidermal groWth factor and transforming groWth 
factor. To date, VEGF and the VEGF family members have 
been reported to bind to one or more of three transmembrane 
receptor tyrosine kinases (Mustonen et al. J. Cell Biol., 
1995, 129, 895), VEGF receptor-1 (also knoWn as ?t-l 
(fms-like tyrosine kinase-1)), VEGFR-2 (also knoWn as 
kinase insert domain containing receptor (KDR); the murine 
analogue of KDR is knoWn as fetal liver kinase-1 (?k-1)), 
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and VEGFR-3 (also knoWn as ?t-4). KDR and ?t-l have 
been shoWn to have different signal transduction properties 
(Waltenberger et al. J. Biol. Chem. 1994, 269, 26988); Park 
et al. Oncogene 1995, 10, 135). Thus, KDR undergoes 
strong ligand-dependant tyrosine phosphorylation in intact 
cells, Whereas ?t-l displays a Weak response. Thus, binding 
to KDR is a critical requirement for induction of the full 
spectrum of VEGF-mediated biological responses. 

[0010] In vivo, VEGF plays a central role in vasculogen 
esis, and induces angiogenesis and permeabiliZation of 
blood vessels. Deregulated VEGF expression contributes to 
the development of a number of diseases that are charac 
teriZed by abnormal angiogenesis and/or hyperpermeability 
processes. Regulation of the VEGF-mediated signal trans 
duction cascade Will therefore provide a useful mode for 
control of abnormal angiogenesis and/or hyperpermeability 
processes. 

[0011] Angiogenesis is regarded as an absolute prerequi 
site for groWth of tumors beyond about 1-2 mm. Oxygen and 
nutrients may be supplied to cells in tumor smaller than this 
limit through diffusion. HoWever, every tumor is dependent 
on angiogenesis for continued groWth after it has reached a 
certain siZe. Tumorigenic cells Within hypoxic regions of 
tumors respond by stimulation of VEGF production, Which 
triggers activation of quiescent endothelial cells to stimulate 
neW blood vessel formation. (ShWeiki et al. Proc. Nat ’l. 
Acad. Sci., 1995, 92, 768). In addition, VEGF production in 
tumor regions Where there is no angiogenesis may proceed 
through the ras signal transduction pathWay (Grugel et al. J. 
Biol. Chem., 1995, 270, 25915; Rak et al. Cancer Res. 1995, 
55, 4575). In situ hybridiZation studies have demonstrated 
VEGF mRNA is strongly upregulated in a Wide variety of 
human tumors, including lung (Mattern et al. Br J. Cancer 
1996, 73, 931), thyroid (Viglietto et al. Oncogene 1995, 11, 
1569), breast (BroWn et al. Human Pathol. 1995, 26, 86), 
gastrointestional tract (BroWn et al. Cancer Res. 1993, 53, 
4727; Suzuki et al. Cancer Res. 1996, 56, 3004), kidney and 
bladder (BroWn et al. Am. J. Pathol. 1993, 1431, 1255), 
ovary (Olson et al. Cancer Res. 1994, 54, 1255), and 
cervical (Guidi et al. J. Nat’l Cancer Inst. 1995, 87, 12137) 
carcinomas, as Well as angiosacroma (Hashimoto et al. Lab. 
Invest. 1995, 73, 859) and several intracranial tumors (Plate 
et al. Nature 1992, 359, 845; Phillips et al. Int. J. Oncol. 
1993, 2, 913; Berkman et al. J. Clin. Invest., 1993,91; 153). 
Neutralizing-monoclonal antibodies to KDR have been 
shoWn to be ef?cacious in blocking tumor angiogenesis 
(Kim et al. Nature 1993, 362, 841; RockWell et al. Mol. Cell. 
Di?er. 1995, 3, 315). 

[0012] Overexpression of VEGF, for example under con 
ditions of extreme hypoxia, can lead to intraocular angio 
genesis, resulting in hyperproliferation of blood vessels, 
leading eventually to blindness. Such a cascade of events has 
been observed for a number of retinopathies, including 
diabetic retinopathy, ischemic retinal-vein occlusion, and 
retinopathy of prematurity (Aiello et al. New Engl. J. Med. 
1994, 331, 1480; Peer et al. Lab. Invest. 1995, 72, 638), and 
age-related macular degeneration (AMD; see, LopeZ et al. 
Invest Opththalmol. VlS. Sci. 1996, 37, 855). 

[0013] In rheumatoid arthritis (RA), the in-groWth of 
vascular pannus may be mediated by production of angio 
genic factors. Levels of immunoreactive VEGF are high in 
the synovial ?uid of RA patients, While VEGF levels Were 
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loW in the synovial ?uid of patients With other forms of 
arthritis of With degenerative joint disease (Koch et al. J. 
Immunol 1994, 152, 4149). The angiogenesis inhibitor 
AGM-170 has been shoWn to prevent neovasculariZation of 
the joint in the rat collagen arthritis model (Peacock et al. J. 
Exper Med. 1992, 175, 1135). 

[0014] Increased VEGF expression has also been shoWn in 
psoriatic skin, as Well as bullous disorders associated With 
subepidermal blister formation, such as bullous pemphigoid, 
erythema multiforrne, and dermatitis herpetiformis (BroWn 
et al. J. Invest. Dermatol. 1995, 104, 744). 

[0015] The vascular endothelial growth factors (V EGF, 
VEGF-C, VEGF-D) and their receptors (VEGFR2, 
VEGFR3) are not only key regulators of tumor angiogen 
esis, but also lymphangiogenesis. VEGF, VEGF-C and 
VEGF-D are expressed in most tumors, primarily during 
periods of tumor groWth and, often at substantially increased 
levels. VEGF expression is stimulated by hypoxia, cytok 
ines, oncogenes such as ras, or by inactivation of tumor 
suppressor genes (McMahon, G. Oncologist 2000, 5(Suppl. 
1), 3-10; McDonald, N. Q.; Hendrickson, W. A. Cell 1993, 
73, 421-424) 

[0016] The biological activities of the VEGFs are medi 
ated through binding to their receptors. VEGFR3 (also 
called ?t-4) is predominantly expressed on lymphatic endot 
helium in normal adult tissues. VEGFR3 function is needed 
for neW lymphatic vessel formation, but not for maintenance 
of the pre-existing lymphatics. VEGFR3 is also upregulated 
on blood vessel endothelium in tumors. Recently VEGF-C 
and VEGF-D, ligands for VEGFR3, have been identi?ed as 
regulators of lymphangiogenesis in mammals. Lymphangio 
genesis induced by tumor-associated lymphangiogenic fac 
tors could promote the groWth of neW vessels into the tumor, 
providing tumor cells access to systemic circulation. Cells 
that invade the lymphatics could ?nd their Way into the 
bloodstream via the thoracic duct. Tumor expression studies 
have alloWed a direct comparison of VEGF-C, VEGF-D and 
VEGFR3 expression With clinicopathological factors that 
relate directly to the ability of primary tumors to spread 
(e.g., lymph node involvement, lymphatic invasion, second 
ary metastases, and disease-free survival). In many 
instances, these studies demonstrate a statistical correlation 
betWeen the expression of lymphangiogenic factors and the 
ability of a primary solid tumor to metastasiZe, (Skobe, M. 
et al. Nature Med. 2001, 7(2), 192-198; Stacker, S. A. et al. 
Nature Med. 2001, 7(2), 186-191; Makinen, T. et al. Nature 
Med. 2001, 7(2), 199-205; Mandriota, S. J. et al. EMBO J. 
2001, 20(4), 672-82; Karpanen, T. et al. Cancer Res. 2001, 
61(5), 1786-90; Kubo, H. et al. Blood 2000, 96(2), 546-53). 

[0017] Hypoxia appears to be an important stimulus for 
VEGF production in malignant cells. Activation of p38 
MAP kinase is required for VEGF induction by tumor cells 
in response to hypoxia (Blaschke, F. et al. Biochem. Biophys. 
Res. Commun. 2002, 296, 890-896; Shemirani, B. et al. Oral 
Oncology 2002, 38, 251-257). In addition to its involvement 
in angiogenesis through regulation of VEGF secretion, p38 
MAP kinase promotes malignant cell invasion, and migra 
tion of different tumor types through regulation of collage 
nase activity and urokinase plasminogen activator expres 
sion (Laferriere, J. et al. J Biol. Chem. 2001, 276, 33762 
33772; Westermarck, J. et al. Cancer Res. 2000, 60, 7156 
7162; Huang, S. et al. J. Biol. Chem. 2000, 275, 12266 
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12272; Simon, C. et al. Exp. Cell Res. 2001, 271, 344-355). 
Therefore, inhibition of p38 kinase is expected to impact 
tumor groWth by interfering With signaling cascades asso 
ciated With both angiogenesis and malignant cell invasion. 

[0018] Diarylureas are a class of serine-threonine kinase 
inhibitors as Well as tyrosine kinase inhibitors Well knoWn in 
the art. The folloWing publications illustrate their utility as 
active ingredient in pharmaceutical compositions for the 
treatment of cancer, angiogenesis disorders, and in?amma 
tory disorders: 

[0019] Redman et al., Bioorg. Med. Chem. Lett. 2001, 11, 
9-12. 

[0020] Smith et al., Bioorg. Med. Chem. Lett. 2001, 11, 
2775-2778. 

[0021] Dumas et al., Bioorg. Med. Chem. Lett. 2000, 10, 
2047-2050. 

[0022] Dumas et al., Bioorg. Med. Chem. Lett. 2000, 10, 
2051-2054. 

[0023] Ranges et al., Book of Abstracts, 220th ACS 
National Meeting, Washington, DC, USA, MEDI 149. 

[0024] Dumas et al., Bioorg. Med. Chem. Lett. 2002, 12, 
1559-1562. 

[0025] LoWinger et al., Clin. Cancer Res. 2000, 6(suppl), 
335. 

[0026] Lyons et al., Endocr.-Relat. Cancer 2001, 8, 219 
225. 

[0027] Riedl et al., Book ofAbstracts, 92nd1 AACR Meeting, 
NeW Orleans, La., USA, abstract 4956. 

[0028] Khire et al., Book ofAbstracts, 93r01 AACR Meeting, 
San Francisco, Calif., USA, abstract 4211. 

[0029] LoWinger et al., Curr Pharm. Design 2002, 8, 
99-110. 

[0030] Regan et al., J. Med. Chem. 2002, 45, 2994-3008. 

[0031] Pargellis et al., Nature Struct. Biol. 2002, 9(4), 
268-272. 

[0032] Carter et al., Book ofAbstracts, 92nd1 AACR Meet 
ing, NeW Orleans, La., USA, abstract 4954. 

[0033] Vincent et al., Book of Abstracts, 38Lh ASCO Meet 
ing, Orlando, Fla., USA, abstract 1900. 

[0034] Hilger et al., Book ofAbstracts, 38Lh ASCO Meet 
ing, Orlando, Fla., USA, abstract 1916. 

[0035] Moore et al., Book of Abstracts, 38Lh ASCO Meet 
ing, Orlando, Fla., USA, abstract 1816. 

[0036] Strumberg et al., Book of Abstracts, 38Lh ASCO 
Meeting, Orlando, Fla., USA, abstract 121. 

[0037] MadWed J B: Book of Abstracts, Protein Kinases: 
Novel Target Identi?cation and Validationfor Therapeu 
tic Development, San Diego, Calif., USA, March 2002. 

[0038] Roberts et al., Book ofAbstracts, 38Lh ASCO Meet 
ing, Orlando, Fla., USA, abstract 473. 

[0039] Tolcher et al., Book of Abstracts, 38Lh ASCO Meet 
ing, Orlando, Fla., USA, abstract 334. 
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[0040] Karp et al., Book ofAbsZracZs, 38Lh AACR Meeting, 
San Francisco, Calif, USA, abstract 2753. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1. Qualitative assessment consisted of assess 
ing the staining intensity, identifying the positively staining 
cells and the intracellular compartments involved in stain 
ing, and evaluating the overall slide quality. Separate evalu 
ations Were performed on the tumor cells and the tumor cell 
stroma. Intensity of staining Was graded based upon the 
folloWing scale: Negative, 1 (equivocal), 1+ (Weak), 2+ 
(moderate), 3+ (strong), 4+ (intense). The intensity of stain 
ing Was determined by evaluation of the entire specimen. 
Semi-quantitative evaluation of target antigen expression 
Was conducted using a grading system based upon the 
percentage of cells throughout the entire specimen express 
ing each target antigen as folloWs: 0-5% With positive target 
antigen expression=<5%; 6-25%=1st quartile (1Q); 
26-50%=2nd quartile (2Q); 51-75%=3rd quartile (3Q); 
76-100%=4th quartile (4Q). 

[0042] FIG. 2. Immunohistochemical Staining for phos 
pho-ERK of Human Melanoma Biopsies pre- and post 
treament. 

DESCRIPTION OF THE INVENTION 

[0043] The present invention provides methods for treat 
ing, ameliorating, preventing, modulating, etc., conditions 
and diseases in humans and other mammals Which are 
associated With signal transduction pathWays comprising, 
but not limited to, raf, VEGFR, PDGFR, p38, and/ or FLT-3. 
Preferred methods of the present invention provide for the 
modulation of diseases and conditions associated With raf, 
VEGFR2, VEGFR3, and/or PDGFR-beta. The methods can 
comprise, e.g., administering an aryl urea compound as 
described beloW, pharmaceutically-acceptable salts thereof, 
derivatives thereof, etc. 

[0044] The present invention also provides compositions 
and methods for identifying conditions and diseases Which 
can be modulated With compounds of the present invention. 
These methods facilitate the selection of subjects Who can be 
ef?ciently treated With compounds of the present invention. 
Additionally, the invention provides methods for monitoring 
subjects Who have been administered a compound of the 
present invention. This includes, e.g., determining the ef? 
cacy of compounds of the present invention in the treatment 
of various diseases and conditions, and for determining 
treatment regimens. 

[0045] The aryl urea compounds employed in the methods 
of this invention comprise compounds of Formula I, phar 
maceutically acceptable salts thereof, esters thereof, stere 
oisomers thereof (both isolated and in mixtures), prodrugs 
thereof, and any active derivatives thereof, Which are col 
lectively referred to herein as the “compounds, of the 
invention” and the like. 

[0046] Formula I is as folloWs: 

BiNH4C(O)iNH-L-M-L1-(Q)1,3 (I) 

[0047] Wherein B is 

[0048] (i) phenyl, optionally substituted With 1-3 substitu 
ents independently selected from the group consisting of R1, 
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OR, NRlR2, S(O)%Rl, SO2NR1R2, NRlSO2R2, C(O)Rl, 
C(O)ORl, C(O)NR R2, NRlC(O)R2, NRlC(O)OR2, halo 
gen, cyano; and nitro; 

[0049] (ii) naphthyl, optionally substituted With 1-3 sub 
stituents independently selected from the group consisting of 
R1, ORl; NRlR2, S(O)qRl, SO2NRlR2, NRlSO2R2, 
C(O)R1, C(O)ORl, C(O)NRlR2, NRlC(O)R2, 
NRlC(O)OR2, halogen, cyano, and nitro; 

[0050] (iii) a 5 or 6 membered monocyclic heteroaryl 
group, having 1-3 heteroatoms independently selected from 
the group consisting of O, N and S, optionally substituted 
With 1-3 substituents independently selected from the group 
consisting of R1, ORl, NRlR2, S(O)qRl, SO2NRlR2, 
NRlSO2R2, C(O)R1, C(O)ORl, C(O)NRlR2; NRlC(O)R2, 
NRlC(O)OR2, halogen, cyano, oxo, and nitro; or 

[0051] (iv) an 8 to 10 membered bicyclic heteroaryl group 
in Which the ?rst ring is bonded to the NH of FIG. 1 and 
contains 1-3 heteroatoms independently selected from the 
group consisting of O, N, and S; and the second ring is fused 
to the ?rst ring using 3 to 4 carbon atoms. The bicyclic 
heteroaryl group is optionally substituted With 1-3 substitu 
ents independently selected from the group consisting of R1, 
ORl, NRlR2, S(O)qRl, SO2NRlR2, NRlSO2R2, C(O)Rl, 
C(O)ORl, C(O)NRlR2, NRlC(O)R2, NRlC(O)OR2, halo 
gen, cyano, oxo, and nitro. 

[0052] L is 

[0053] phenyl, optionally substituted With 1-3 substitu 
ents independently selected from the group consisting of 
Cl-C5 linear or branched alkyl, Cl-C5 linear or branched 
haloalkyl, C l-C3 alkoxy, hydroxy, amino, C l-C3 alkylamino, 
Cl-C6 dialkylamino, halogen, cyano, and nitro; 

[0054] (ii) naphthyl, optionally substituted With 1-3 sub 
stituents independently selected from the group consisting of 
Cl-C5 linear or branched alkyl, Cl-C5 linear or branched 
haloalkyl, C l-C3 alkoxy, hydroxy, amino, C l-C3 alkylamino, 
Cl-C6 dialkylamino, halogen, cyano, and nitro; 

[0055] (iii) a 5 or 6 membered monocyclic heteroaryl 
group, having 1-3 heteroatoms independently selected from 
the group consisting of O, N and S, optionally substituted 
With 1-3 substituents independently selected from the group 
consisting of C l-C5 linear or branched alkyl, C l-C5 linear or 
branched haloalkyl, Cl-C3 alkoxy, hydroxy, amino, Cl-C3 
alkylamino, Cl-C6 dialkylamino, halogen, cyano, and nitro; 
or 

[0056] (iv) an 8 to 10 membered bicyclic heteroaryl group 
having 1-6 heteroatoms independently selected from the 
group consisting of O, N and S, optionally substituted With 
1-3 substituents independently selected from the group 
consisting of C l-C5 linear or branched alkyl, C l-C5 linear or 
branched haloalkyl, Cl-C3 alkoxy, hydroxy, amino, Cl-C3 
alkylamino, Cl-C6 dialkylamino, halogen, cyano, and nitro. 
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wherein the variables In and l are integers independently 
selected from 0-4, 

[0058] L' is 

[0059] (i) phenyl, optionally substituted With 1-2 addi 
tional substituents other than Q, independently selected from 
the group consisting of R1, 0R1, NRIRZ, S(0)qRl, 
S02NRlR2, NRlS02R2, NRlC(0)R2, NRlC(0)0R2, halo 
gen, cyano and nitro; 

[0060] (ii) naphthyl, optionally substituted With 1-2 addi 
tional sub stituents other than Q, independently selected from 
the group consisting of R1, 0R1, NRIRZ, S(0)qRl, 
S02NRlR2, NRlS02R2, NRlC(0)R2, NRlC(0)0R2, halo 
gen, cyano and nitro; 

[0061] (ii) a 5 and 6 membered monocyclic heteroaryl 
group, having 1-3 heteroatoms independently selected from 
the group consisting of 0, N and S, optionally substituted 
With 1-2 additional substituents other than Q, independently 
selected from the group consisting of R1, 0R1, NRlR2, 
S(0)qRl, S02NRlR2, NRlS02R2, NRlC(0)R2, 
NRlC(0)0R2, halogen, cyano and nitro and also oxides 
(e.g. =0, =0- or =0H); 

[0062] (iv) an 8 to 10 membered bicyclic heteroaryl group; 
having 1-6 heteroatoms independently selected from the 
group consisting of 0, N and S, optionally substituted With 
1-2 additional substituents other than Q, independently 
selected from the group consisting of R1, 0R1, NRlR2, 
S(0)qRl, S02NRlR2, NRlS02R2, NRlC(0)R2, 
NRlC(0)0R2, halogen, cyano and nitro and also oxides 
(e.g. =0, =0“ or =0H). 

[0063] (v) a saturated and partially saturated C3-C6 mono 
cyclic carbocyclic moiety optionally substituted With 1-2 
additional substituents other than Q, independently selected 
from the group consisting of R1, 0R1, NRlR2, S(0)qRl, 
S02NRlR2, NRlS02R2, NRlC(0)R2, NRlC(0)0R2, halo 
gen, cyano and, nitro; 

[0064] (vi) a saturated and partially saturated CS-C 1O bicy 
clic carbocyclic moiety, optionally substituted With 1-2 
additional substituents other than Q, independently selected 
from the group consisting of R1, 0R1, NRlR2, S(0)qRl, 
S02NRlR2, NRlS02R2, NRlC(0)R2, NRlC(0)0R2, halo 
gen, cyano and nitro; 

[0065] (vii) a saturated and partially saturated 5 and 6 
membered monocyclic heterocyclic moiety, having 1-3 het 
eroatoms independently selected from the group consisting 
of 0, N and S, optionally substituted With 1-2 additional 
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substituents other than Q, independently selected from the 
group consisting of R1, 0R1, NRlR2, S(0)qRl, S02NRlR2, 
NR1S02R2N, RlC(0)R2, NRlC(0)0R2, halogen, cyano and 
nitro, and also oxides (e.g. =0, =0- or =0H); or 

[0066] (viii) a saturated and partially saturated 8 to 10 
membered bicyclic heterocyclic moiety, having 1-6 heteroa 
toms independently selected from the group consisting of 0, 
N and S, optionally substituted With 1-2 additional substitu 
ents other than Q, independently selected from the group 
consisting of R1, 0R1, NRIRZ, S(0)qRl, S02NRlR2, 
NR1S02R2, NR1C(0)R2, NRlC(0)0R2, halogen, cyano and 
nitro, and also oxides (e.g. =0, =0“ or =0H); 

each Q is independently C(0)R4, C(0)0R4 and 
C(O)NR4R5; 
Wherein each Rl-R5 is independently selected from the 
group consisting of: 

(a) hydrogen, 

(b) Cl-C5 linear, branched, or cyclic alkyl, 

(C) Phenyl, 

(d) Cl-C3 alkyl-phenyl, Wherein the alkyl moiety is option 
ally substituted With halogen up to per-halo; 

(e) up to per-halo substituted C l-C5 linear or branched alkyl. 

[0067] (f) =(CH2)q=X, Where X is a 5 or 6 membered 
monocyclic heterocyclic ring, containing 1-4 atoms selected 
from oxygen, nitrogen and sulfur, Which is saturated, par 
tially saturated, or aromatic, or a 8-10 membered bicyclic 
heteroaryl having 1-4 heteroatoms selected from the group 
consisting of 0, N and S; and Wherein said alkyl moiety is 
optionally substituted With halogen up to per-halo, 

[0068] Wherein each Rl-Rs, other than per-halo substi 
tuted Cl-C5 linear or branched alkyl, is optionally substi 
tuted With 1-3 substituents independently selected from the 
group consisting of Cl-C5 linear or branched alkyl, up to 
perhalo substitiuted Cl-C5 linear or branched alkyl, Cl-C3 
alkoxy, hydroxy, carboxy, amino, Cl-C3 alkylamino, Cl-C6 
dialkylamino, halogen, cyano, and nitro; 

Wherein the variable p is an integer selected from 0, 1, or 2 
and the variable q is an integer selected from 0, 1, 2, 3, or 
4. 

[0069] In formula 1, suitable hetaryl groups include, but 
are not limited to, 5-10 membered ring systems containing 
monocyclic and bicyclic rings, at least one of Which is 
aromatic, in Which one or more, e.g., 1-4 carbon atoms in 
one or more of the rings can be replaced by oxygen, nitrogen 
or sulfur atoms. In bicyclic ring systems, each ring can have 
from 3-7 atoms. 

[0070] “Monocyclic heteroaryl” means an aromatic mono 
cyclic ring having 5 to 6 ring atoms, at least one of Which 
is a hetero atom selected from N, 0 and S, the remaining 
atoms being carbon. When more than one hetero atom is 
present in the moiety, they are selected independently from 
the other(s) so that they may be the same or different. 
Monocyclic heteroaryl moieties include, but are not limited 
to pyrrole, furan, thiophene, imidaZole, pyraZole, thiaZole, 
oxaZole, isoxaZole, isothiaZole, triaZole, tetraZole, thiadiaZ 
ole, oxadiaZole, pyridine, pyrimidine, pyridaZine, pyraZine, 
and triaZine. 
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[0071] Bicyclic heteroaryl means fused bicyclic moieties 
Where one of the rings is chosen from the monocyclic 
heteroaryl rings described above and the second ring is 
either benzene or another monocyclic heteroaryl ring 
described above. When both rings in the bicyclic moiety are 
heteroaryl rings, they may be the same or different, as long 
as they are chemically accessible by means knoWn in the art. 
Bicyclic heteroaryl rings include synthetically accessible 
5-5, 5-6, or 6-6 fused bicyclic aromatic structures including, 
for example but not by Way of limitation, benZoxaZole 
(fused phenyl and oxaZole), quinoline (fused phenyl and 
pyridine), imidaZopyrimidine (fused imidaZole and pyrimi 
dine), and the like. 

[0072] The phrase “5 or 6 membered heterocyclic ring, 
containing at least one atom selected from oxygen, nitrogen 
and sulfur, Which is saturated, partially saturated, or aro 
matic” includes, by no Way of limitation, tetrahydropyrane, 
tetrahydrofurane, l,3-dioxolane, l,4-dioxane, morpholine, 
thiomorpholine, piperaZine, piperidine, piperidinone, tet 
rahydropyrimidone, pentamethylene sul?de, tetramethylene 
sul?de, dihydropyrane, dihydrofuran, dihydrothiophene, 
pyrrole, furan, thiophene, imidaZole, pyraZole, thiaZole, 
oxaZole, isoxaZole, isothiaZole, triaZole, pyridine, pyrimi 
dine, pyridaZine, pyraZine, triaZine, and the like. 

[0073] The term “Cl-C3 alkyl-phenyl” includes, by no 
Way of limitation, 3-phenyl-propyl, 2-phenyl-l-methyl 
ethyl. Substituted examples include 2-[2-chlorophenyl] 
ethyl, 3,4-dimethylphenyl-methyl, and the like. 

[0074] Suitable substituted and unsubstituted heteroaryl 
groups for the compounds of this invention, such as those for 
B, L and L' of formula I, include, but are not limited to the 
folloWing monocyclic heteroaryl groups: 

[0075] 2- or 3-furyl, 

[0076] 
[0077] 
[0078] 
[0079] 
[0080] 
[0081] 
[0082] 
[0083] 
[0084] 
[0085] 
[0086] 
[0087] 
[0088] 
[0089] 
[0090] 
[0091] 
[0092] 
[0093] 
[0094] 

2- or 3-thienyl, 

2- or 4-triaZinyl, 

l-, 2- or 3-pyrrolyl, 

l-, 2-, 4- or 5-imidaZolyl, 

l-, 3-, 4- or 5-pyraZolyl, 

2-, 4- or 5-oxaZolyl, 

3-, 4- or 5-isoxaZolyl, 

2-, 4- or 5-thiaZolyl, 

3-, 4- or 5-isothiaZolyl, 

2-, 3- or 4-pyridyl, 

2-, 4-, 5- or 6-pyrimidinyl, 

l,2,3-triaZol-l-, 4- or 5-yl, 

l,2,4-triaZol-l-, -3- or -5-yl, 

l- or 5-tetraZolyl, 

l,2,3-oxadiaZol-4- or -5-yl, 

l,2,4-oxadiaZol-3- or -5-yl, 

l,3,4-thiadiaZol-2- or -5-yl, 

l,2,4-oxadiaZol-3- or -5-yl, 

l,3,4-thiadiaZol-2- or -5-yl, 
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[0095] l,3,4-thiadiaZol-3- or -5-yl, 

[0096] l,2,3-thiadiaZol-4- or -5-yl, 

[0097] 2-, 3-, 4-, 5- or 6-2H-thiopyranyl, 

[0098] 2-, 3- or 4-4H-thiopyranyl, 

[0099] 3- or 4-pyridaZinyl, pyraZinyl, and 

[0100] 
[0101] benZofuryl, benZothienyl, indolyl, benZimidaZolyl, 
benZopyraZolyl, benZoxaZolyl, benZisoxaZolyl, benZothiaZ 
olyl, benZisothiaZolyl, benZ-l ,3-oxadiaZolyl, quinolinyl, iso 
quinolinyl, quinaZolinyl, tetrahydroquinolinyl, tetrahy 
droisoquinolinyl, dihydrobenZofuryl, pyraZolo[3,4-b] 
pyrimidinyl, purinyl, benZodiaZine, pterindinyl, pyrrolo[2, 
3-b]pyridinyl, pyraZolo[3,4-b]pyridinyl, oxaZo[4,5-b] 
pyridinyl, imidaZo[4,5-b]pyridinyl, cyclopentenopyridine, 
cyclohexanopyridine, cyclopentanopyrimidine, cyclohexan 
opyrimidine, cyclcopentanopyraZine, cyclohexanopyraZine, 
cyclopentanopyridiaZine, cyclohexanopyridaZine, cyclopen 
tanoimidaZole, cyclohexanoimidaZole, cyclopentan 
othiophene and cyclohexanothiophene. 

the folloWing bicyclic heterocyclic groups: 

[0102] Suitable aryl groups Which do not contain heteroa 
toms include, for example, phenyl and l- and 2-naphthyl, 
tetrahydronaphthyl, indanyl, indenyl, benZocyclobutanyl, 
benZocycloheptanyl and benZocycloheptenyl. 

[0103] Suitable linear alkyl groups and alkyl portions of 
groups, e.g., alkoxy, alkylphenyl and alkylheteroaryl etc. 
throughout include methyl, ethyl, propyl, butyl, pentyl, etc. 
Suitable branched alkyl groups include all branched isomers 
such as isopropyl, isobutyl, sec-butyl, tert-butyl, etc. 

[0104] The term “alkoxy” means a straight or branched 
chain alkoxy group having saturated carbon atoms Which 
may be linear or branched With single or multiple branching, 
and includes such groups as methoxy, ethoxy, n-propoxy, 
isopropoxy, and the like. It also includes halogenated groups 
such as 2,2-dichloroethoxy, tri?uoromethoxy, and the like. 

[0105] Cl-C3alkylamino means methylamino, ethy 
lamino, propylamino or isopropylamino. Examples of C l-C6 
dialkylamino group include but are not limited to diethy 
lamino, ethyl-isopropylamino, means methylamino, methyl 
isobutylamino, dihexylamino. 

[0106] Suitable halogens include F, Cl, Br, and/or 1, from 
one to per-substitution (i.e. all H atoms on a group replaced 
by a halogen atom) being possible Where an alkyl group is 
substituted by halogen, mixed substitution of halogen atom 
types also being possible on a given moiety. Preferred 
halogens are Cl, Br and F. 

[0107] The term “up to perhalo substituted linear and 
branched alkyl,” includes alkyl groups having one alkyl 
hydrogen replaced With halogen, alkyl groups Wherein all 
hydrogens are replaced With halogen, alkyl groups Wherein 
more than one but less than all hydrogens are replaced by 
halogen and alkyl groups having alkyl hydrogens replaced 
by halogen and other substituents. Examples include chlo 
romethyl, dichloromethyl, trichloromethyl, ?uoromethyl, 
di?uoromethyl, tri?uoromethyl, and the like. 

[0108] The term “cycloalkyl”, as used herein, refers to 
cyclic structures having 3-8 members in the ring such as 
cyclopropyl, cyclobutyl and cyclopentyl and cyclic struc 
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tures having 3-8 members With alkyl substituents such that, 
for example, “C3 cycloalkyl” includes methyl substituted 
cyclopropyl groups. 

[0109] The term “saturated carbocyclic moieties” de?nes 
only the cyclic structure, i.e. cyclopentyl, cyclohexyl, etc. 
Any alkyl substitution on these cyclic structures is speci? 
cally identi?ed. 

[0110] Saturated monocyclic and bicyclic carbocyclic 
moieties include cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, and decahydronaphthalene. 

[0111] Partially saturated monocyclic and bicyclic car 
bocyclic moieties include cyclopentenyl, cyclohexenyl, 
cyclohexadienyl and tetrahydronaphthalene. 

[0112] Saturated monocyclic and bicyclic heterocyclic 
moieties include tetrahydropyranyl, tetrahydrofuranyl, 1,3 
dioxolane, l,4-dioxanyl, morpholinyl, thiomorpholinyl, pip 
eraZinyl, piperidinyl, piperidinonyl, tetrahydropyrimidonyl, 
pentamethylene sul?de and tetramethylene sul?de. 

[0113] Partially saturated monocyclic and bicyclic hetero 
cyclic moieties include dihydropyranyl, dihydrofuranyl, 
dihydrothienyl, dihydropiperidinyl, and dihydropyrimido 
nyl. 
[0114] When any moiety is “substituted”, it can have up to 
the highest number of indicated substituents, and each 
substituent can be located at any available position on the 
moiety and can be attached through any available atom on 
the substituent. “Any available position” means any position 
on the moiety that is chemically accessible through means 
knoWn in the art or taught herein and that does not create an 
unduly unstable molecule. When there are tWo or more 
substituents on any moiety, each substituent is de?ned 
independently of any other substituent and can, accordingly, 
be the same or dilTerent. 

[0115] The term “optionally substituted” means that the 
moiety so modi?ed may be either unsubstituted, or substi 
tuted With the identi?ed substituent(s). 

[0116] It is understood that Where L' is pyridine, the term 
“hydroxy” as a pyridine substituent includes 2-, 3-, and 
4-hydroxypyridine, but also includes those structures 
referred to in the art as l-oxo-pyridine and l-hydroxy 
pyridine. 
[0117] Where the plural form of the Word compounds, 
salts, and the like, is used herein, this is taken to mean also 
a single compound, salt, or the like. 

[0118] The substituted structures of B and L' are prefer 
ably each, independently, selected from the group consisting 
of 

[0119] methyl, tri?uoromethyl, ethyl, n-propyl, n-butyl, 
n-pentyl, isopropyl, tert-butyl, sec-butyl, isobutyl, cyclopro 
pyl, cyclobutyl, cyclopentyl, methoxy, ethoxy, propoxy, Cl, 
Br and F, cyano, nitro, hydroxy, amino, methylamino, dim 
ethylamino, ethylamino and diethylamino. 

[0120] Other substituents for B and L' particularly include: 

[0121] phenyl, pyridinyl, pyrimidinyl, chlorophenyl, 
dichlorophenyl, bromophenyl, dibromophenyl, chloropy 
ridinyl, bromopyridinyl, dichloropyridinyl, dibromopyridi 
nyl methylphenyl, methylpyridinyl quinolinyl, isoquinoli 
nyl, isoindolinyl, pyraZinyl, pyridaZinyl, pyrrolinyl, 
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imidaZolinyl, thienyl, furyl, isoXaZolinyl, isothiaZolinyl, 
benZopyridinyl, benZothiaZolyl, 

[0122] Cl-C5 acyl; 
[0123] NH(Cl-C5 alkyl, phenyl or pyridinyl), such as 
aminophenyl; N(Cl-C5 alkyl)(Cl-C5 alkyl, phenyl or pyridi 
nyl), such as diethylamino and dimethyl amino; 

[0124] S(O)q(Cl-C5 alkyl); such as methanesulfonyl; 

[0125] S(O)qH; 
[0126] so2NH2; 

[0127] SO2NH(Cl-C5a1ky1); 
[012s] so2N(c1-c5 a1ky1)(Cl-C5 alkyl); 

[0129] NHSO2(Cl-C5 alkyl); N(Cl-C3 alkyl) SO2(Cl 
C5 alkyl); 

[0130] CO(Cl-C6 alkyl or phenyl); 

[0131] C(O)H; 
[0132] C(O)O(Cl-C6 alkyl or phenyl), such as 
C(O)OCH3, iC(O)OCH2CH3, 
%(O)OCH2CH2CH3; 

[0133] C(O)OH; 
[0134] C(O)NH2 (carbamoyl); 
C(O)NH(Cl-C6 alkyl or phenyl), such as N-methylethyl 

carbamoyl, N-methyl carbamoyl, N-ethylcarbamoyl, or 
N-dimethylamino ethyl carbamoyl; 

[0135] C(O)N(Cl-C6 alkyl or phenyl)(Cl-C6 alkyl, phe 
nyl or pyridinyl), such as N-dimethylcarbamoyl; 

[0136] C(N(Cl-C5 alkyl)) (Cl-C5 alkyl); 
[0137] NHC(O)(Cl-C6 alkyl or phenyl) and 

[0139] Each of the above substituents is optionally par 
tially or fully halogenated, such as di?uoromethyl sulfonyl. 

[0140] An embodiment of this invention includes the 
administration of compounds of this invention Wherein in 
formula I, L, B and L' folloW one of the folloWing of 
combinations: 

[0141] B=phenyl, L=phenyl and L' is phenyl, pyridinyl, 
quinolinyl, isoquinolinyl or not present, 

[0142] B=phenyl, L=pyridinyl and L' is phenyl, pyridinyl, 
quinolinyl, isoquinolinyl or not present, 

[0143] B=phenyl, L naphthyl and L' is phenyl, pyridinyl, 
quinolinyl, isoquinolinyl or not present, 

[0144] B=pyridinyl, L=phenyl and L' is phenyl, pyridinyl, 
quinolinyl, isoquinolinyl or not present, 

[0145] B=pyridinyl, L=pyridinyl and L' is phenyl, pyridi 
nyl, quinolinyl, isoquinolinyl or not present, 

[0146] B=pyridinyl, L=naphthyl and L' is phenyl, pyridi 
nyl, quinolinyl, isoquinolinyl or not present, 

[0147] B=isoquinolinyl, L=phenyl and L' is phenyl, 
pyridinyl, quinolinyl, isoquinolinyl or not present, 

[0148] B=isoquinolinyl, L=pyridinyl and L' is phenyl, 
pyridinyl, quinolinyl, isoquinolinyl or not present, 
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[0149] B=isoquinolinyl; L=naphthyl and L' is phenyl, 
pyridinyl, quinolinyl, isoquinolinyl or not present, 

[0150] B=quinolinyl, L=phenyl and L' is phenyl, pyridi 
nyl, quinolinyl, isoquinolinyl or not present, 

[0151] B=quinolinyl, L=pyridinyl and L' is phenyl, pyridi 
nyl, quinolinyl, isoquinolinyl or not present, 

[0152] B=quinolinyl, L=naphthyl and L' is phenyl, pyridi 
nyl, quinolinyl, isoquinolinyl or not present. 

[0153] The structure M of formula I is preferably 40*, 
a single bond, iSi, iNHi, iN(CH3)i, iNHCHZi, 

and iN(CH3)CH2i. 

[0154] Compounds of the invention of particular interest 
include those of formula I Wherein L', L, M and Q are as 
de?ned above and B is phenyl, optionally substituted With 
1-4 halogen. 

[0155] Compounds of the invention of particular interest 
also include those of formula I Wherein L, L' and Q are as 
de?ned above, M is iOi and B is phenyl, optionally 
substituted With l-4 halogen. 

[0156] Compounds of the invention of particular interest 
also include those of formula I Wherein B is phenyl or 
pyridyl, optionally substituted With l-6 substituents inde 
pendently selected from the group consisting of R1 and 
halogen, L' and Q are as de?ned above, M is 40* and L 
is phenyl, optionally substituted With l-4 halogen. 

[0157] Compounds of the invention of particular interest 
also include those of formula I Wherein B is phenyl, option 
ally substituted With l-6 substituents independently selected 
from the group consisting of R1 and halogen, L' and Q are 
as de?ned above, M is 40* and L is phenyl, optionally 
substituted With l-4 halogen. 

[0158] Compounds of the invention of particular interest 
also include those of formula I Wherein B is 4-chloro(2 
tri?uoromethyl)phenyl, optionally substituted by the group 
consisting of R1 and halogen, L' and Q are as de?ned above, 
M is 40* and L is phenyl, optionally substituted With l-4 
halogen. 

[0159] One of ordinary skill in the art Will recogniZe that 
some of the compounds of Formula (I) can exist in different 
geometrical isomeric forms. It is intended that all such 
con?gurations (including enantiomers and diastereomers), 
are included Within the scope of the present invention. A 
number of the compounds of Formula I possess asymmetric 
centers, depending on the location a nature of various 
substituents. and can therefore exist in racemic and optically 
active forms as Well as in the form of racemic or non 
racemic mixtures thereof, and in the form of diastereomers 
and diastereomeric mixtures. Asymmetric carbon atoms may 
be present in the (R) or (S) con?guration or (R,S) con?gu 
ration. In certain instances, asymmetry may also be present 
due to restricted rotation about a given bond, for example, 
the central bond adjoining tWo substituted aromatic rings of 
the speci?ed compounds. All of these compounds, including 
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cis isomers, trans isomers, diastereomic mixtures, race 
mates, non-racemic mixtures of enantiomers, substantially 
pure, and pure enantiomers, are considered to be Within the 
scope of the compounds of this invention and are collec 
tively referred to When reference is made to compounds of 
this invention. Therefore, the methods of the present inven 
tion encompass the use of any isolated racemic or optically, 
active form of compounds described in Formula 1 Which 
possess c-raf, b-raf, p38, VEGFR, PDGFR, and/or FLT-3 
activity. 

[0160] Methods of separation of enantiomeric and diaste 
reomeric mixtures are Well knoWn to one skilled in the art. 
The optical isomers can be obtained by resolution of the 
racemic mixtures according to conventional processes, for 
example, by the formation of diastereoisomeric salts using 
an optically active acid or base. Examples of appropriate 
acids are tartaric, diacetyltartaric, dibenZoyltartaric, ditolu 
oyltar‘taric and camphorsulfonic acid. Mixtures of diastere 
oisomers can be separated into their individual diastere 
omers on the basis of their physical chemical differences by 
methods knoWn to those skilled in the art, for example, by 
chromatography or fractional crystallization. The optically 
active bases or acids are liberated from the separated dias 
tereomeric salts. 

[0161] Another process for separation of optical isomers 
involves the use of a chiral chromatography column (e.g., 
chiral HPLC columns) optimally chosen to maximiZe the 
separation of the enantiomers. Suitable chiral HPLC col 
umns are manufactured by Diacel, e.g., Chiracel OD and 
Chiracel O]. The optically active compounds of Formula (I) 
can likeWise be obtained by utiliZing optically active starting 
materials. 

[0162] The present invention encompasses any separated, 
isolated, pure or partially puri?ed isomers or racemic mix 
tures of the compounds of formula 1 Which possess Raf, 
VEGFR, PDGFR, p38, and/or FLT-3 activity, and/or an 
ef?cacy in modulating any of the diseases and/or conditions 
mentioned herein. The term stereoisomer is understood to 
encompass diastereoisomers, enantiomers, geometric iso 
mers, etc. 

[0163] Preferred compounds are those With the absolute 
con?guration of the compound of Formula 1 Which produce 
the more desirable biological activity are also included 
Within the scope of the present invention. The puri?cation of 
said isomers and the separation of said isomeric mixtures 
can be accomplished by standard techniques knoWn in the 
art. Herein, substantially pure enantiomers is intended to 
mean that no more than 5% W/W of the corresponding 
opposite enantiomer is present. 

[0164] Pharmaceutically-acceptable salts of these com 
pounds, as Well as commonly used prodrugs of these com 
pounds, are also Within the scope of the invention. The term 
“pharmaceutically acceptable salt” refers to a relatively 
non-toxic, inorganic, or organic acid addition salt of a 
compound of the present invention. For example, see S. M. 
Berge, et al. “Pharmaceutical Salts,”J. Pharm. Sci. 1977, 66, 
l-l9. 

[0165] Suitable salts are especially the pharmaceutically 
acceptable salts of compounds of formula (I) or such as, for 
example, organic or inorganic acid addition salts of com 
pounds of formula (1). Suitable acid addition salts include 
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acetate, adipate, alginate, ascorbate, aspartate, benZoate, 
benZenesulfonate, bisulfate, butyrate, citrate, camphorate, 
camphorsulfonate, cinnamate, cyclopentanepropionate, 
digluconate, dodecylsulfate, ethanesulfonate, fumarate, glu 
coheptanoate, glycerophosphate, hemisulfate, heptanoate, 
hexanoate, hydrochloride, hydrobromide, hydroiodide, 
2-hydroxyethanesulfonate, itaconate, lactate, maleate, man 
delate, methanesulfonate, 2-naphthalenesulfonate, nicoti 
nate, nitrate, oxalate, pamoate, pectinate, persulfate, 3-phe 
nylpropionate, picrate, pivalate, propionate, succinate, 
sulfonate, tartrate, thiocyanate, tosylate, and undecanoate. 
Suitable inorganic acids include but are not limited to 
halogen acids (such as hydrochloric acid and hydrobromic 
acid), sulfuric acid, or phosphoric acid. Suitable organic 
acids include but are not limited to carboxylic, phosphonic, 
sulfonic, or sulfamic acids, With examples including acetic 
acid, propionic acid, octanoic acid, decanoic acid, tri?uo 
roacetic acid, dodecanoic acid, glycolic acid, lactic acid, 2 
or 3-hydroxybutyric acid, y-aminobutyric acid (GABA), 
gluconic acid, glucosemonocarboxylic acid, benZoic acid, 
salicylic acid, phenylacetic acid and mandelic acid, fumaric 
acid, succinic acid, adipic acid, pimelic acid, suberic acid, 
aZeiaic acid, maleic acid, tartaric acid, citric, acid, glucaric 
acid, galactaric acid, amino acids (such as glutamic acid, 
aspartic acid, N-methylglycine, acetytaminoacetic acid, 
N-acetylasparagine or N-acetylcysteine), pyruvic acid, 
acetoacetic acid, methanesulfonic acid, tri-?uoromethane 
sulfonic acid, 4-toluene sulfonic acid, benZenesulfonic acid, 
l-naphthalenesulfonic acid, 2-naphthalenesulfonic acid, 
phosphoserine, and 2- or 3-glycerophosphoric acid. 

[0166] In addition, pharmaceutically acceptable salts 
include acid salts of inorganic bases, such as salts containing 
alkaline cations (e.g., Li+ Na+ or K”), alkaline earth cations 
(e.g., Mg+2, Ca+2 or Ba”), the ammonium cation, as Well as 
acid salts of organic bases, including aliphatic and aromatic 
substituted ammonium, and quaternary ammonium cations, 
such as those arising from protonation or peralkylation of 
triethylamine, N,N-diethylamine, N,N-dicyclohexylamine, 
lysine, pyridine, N,N-dimethylaminopyridine (DMAP), 1,4 
diaZabiclo[2.2.2]octane (DABCO), 1,5-diaZabicyclo[4.3.0] 
non-5-ene (DBN) and 1,8-diaZabicyclo[5.4.0]undec-7-ene 
(DBU). 
[0167] Base salts include alkali metal salts such as potas 
sium and sodium salts, alkaline earth metal salts such as 
calcium and magnesium salts, and ammonium salts With 
organic bases such as dicyclohexylamine and N-methyl-D 
glucamine. Additionally, basic nitrogen containing groups 
may be quaterniZed With such agents as loWer alkyl halides 
such as methyl, ethyl, propyl, and butyl chlorides, bromides 
and iodides; dialkyl sulfates like dimethyl, diethyl, and 
dibutyl sulfate; and diamyl sulfates, long chain halides such 
as decyl, lauryl, myristyl and strearyl chlorides, bromides 
and iodides, aralkyl halides like benZyl and phenethyl bro 
mides and others. 

[0168] The esters of appropriate compounds of this inven 
tion are Well-tolerated, pharmaceutically acceptable esters 
such as alkyl esters including methyl, ethyl, propyl, isopro 
pyl, butyl, isobutyl or pentyl esters. Additional esters such as 
phenyl-Cl-C5 alkyl may be used, although methyl ester is 
preferred. 

[0169] The formation of prodrugs is Well knoWn in the art 
in order to enhance the properties of the parent compound; 
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such properties include solubility, absorption, biostability 
and release time (see “Pharmaceutical Dosage Form and 
Drug Delivery Systems” (Sixth Edition), edited by Ansel et 
al., published by Williams & Wilkins, pages 27-29, (1995) 
Which is hereby incorporated by reference). Commonly used 
prodrugs of the disclosed oxaZolyl-phenyl-2,4-diamino-py 
rimidine compounds are designed to take advantage of the 
major drug biotransformation reactions and are also to be 
considered Within the scope of the invention. Major drug 
biotransformation reactions include N-dealkylation, 
O-dealkylation, aliphatic hydroxylation, aromatic hydroxy 
lation, N-oxidation, S-oxidation, deamination, hydrolysis 
reactions, glucuronidation, sulfation and acetylation (see 
Goodman and Gilman’s The Pharmacological Basis of 
Therapeutics (Ninth Edition), editor Molinolf et al., pub. by 
McGraW-Hill, pages 11-13, (1996), Which is hereby incor 
porated by reference). 
[0170] The present invention provides compounds Which 
are capable of modulating one or more signal transduction 
pathWays comprising, but not limited to, raf, VEGFR-2, 
VEGFR-3, p38, PDGFR-beta, and/or Flt-3. Raf is an impor 
tant signaling molecule involved in the regulation of a 
number of key cellular processes, including cell groWth, cell 
survival and invasion. It is a member of the Ras/Raf/MEK/ 
ERK pathWay. This pathWay is present in most tumor cells. 
VEGFR-2, VEGFR-3, PDGFR-beta, and Flt-3 are trans 
membrane receptor molecules Which, When stimulated by an 
appropriate ligand, trigger the Ras/Raf/MEK/ERK cell sig 
naling pathway, leading to a cascade of cellular events. Each 
of these receptor molecules have tyrosine kinase activity. 

[0171] The VEGFR receptors are stimulated by vascular 
endothelial groWth factors (V EGF), and are important con 
trol points in the regulation of endothelial cell development 
and function. The PDGF-beta receptor regulates cell prolif 
eration and survival in a number of cell types, including 
mesenchymal cells. Flt-3 is a receptor for the FL ligand. It 
is structurally similar to c-kit, and modulates the groWth of 
pluripotent haemopoietic cells, in?uencing the development 
of T-cells, B-cells, and dendritic cells. 

[0172] Any gene or isoform of raf, VEGFR-2, VEGFR-3, 
p38, PDGFR-beta, and/or Flt-3 can be modulated in accor 
dance With present invention, including both Wild-type and 
mutant forms. Raf or raf-1 kinase is a family of serine/ 
threonine kinases Which comprise at least three family 
members, A-Raf, B-Raf, and c-raf or Raf-1. See, e.g., 
Dhillon and Kolch, Arch. Biochem. Biophys., 404:3-9, 
2002. C-raf and B-Raf are preferred targets for compounds 
of the present invention. Activating B-Raf mutations (e.g., 
V599E mutant) have been identi?ed in various cancers, 
including melanoma, and the compounds described herein 
can be utiliZed to inhibit their activity. 

[0173] By the term “modulate,” it is meant that the func 
tional activity of the pathWay (or a component of it) is 
changed in comparison to its normal activity in the absence 
of the compound. This effect includes any quality or degree 
of modulation, including, increasing, agoniZing, augment 
ing, enhancing, facilitating, stimulating, decreasing, block 
ing, inhibiting, reducing, diminishing, antagonizing, etc. 

[0174] Tables 8 and 9 shoW the activity of a compound 
N-[4-chloro-3-(tri?uoromethyl)phenyl]-N'-{4-[2-N-methyl 
carbamoyl-4-pyridyloxy]phenyl}urea of the present inven 
tion in vitro (biochemical) and in vivo (cellular) assays, 
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respectively. As indicated by its biochemical activity pro?le 
(Table 8), the compound is a potent inhibitor of a number of 
different cellular kinases. Moreover, it has the ability to 
affect kinase activity, cell growth, and other cellular pro 
cesses in Whole cells. Table 9 shoWs the concentration of 
compound Which inhibited target phosphorylation in Whole 
cells by 50% (IC50). While the activity pro?le is represen 
tative of an active compound of the present invention, not all 
active compounds are required to have the same rank order 
of potency for them to be useful in the present invention. 
Assays for biochemical and cellular activity are conven 
tional and can be carried out using any suitable format, 
including as described in the examples beloW. See, also, 
VEGFR-3 kinase assays (e.g., Manley et al., J. Med. Chem., 
45(26):5687-93, 2002; Stahl et al., AngeW Chem. Int. Ed. 
Engl., 4l(7):ll74-8, 2002); FLT3 kinase assays (Yee et al., 
Blood, l00(8):294l-9, 2002; Kelly et al., Cancer Cell., 
l(5):42l-32, 2002). 
[0175] The compounds of the present invention can also 
modulate one or more of the folloWing processes, including, 
but not limited to, e.g., cell groWth (including, e.g., differ 
entiation, cell survival, and/or proliferation), tumor cell 
groWth (including, e.g., di?‘erentiation, cell survival, and/or 
proliferation), tumor regression, endothelial cell groWth 
(including, e.g., di?‘erentiation, cell survival, and/or prolif 
eration), angiogenesis (blood vessel groWth), lymphangio 
genesis (lymphatic vessel groWth), and/or hematopoiesis 
(e. g., T- and B-cell development, dendritic cell development, 
etc.). 
[0176] While not Wishing to be bound by any theory or 
mechanism of action, it has been found that compounds of 
the present invention possess the ability to modulate kinase 
activity. The methods of the present invention, hoWever, are 
not limited to any particular mechanism or hoW the com 
pounds achieve their therapeutic e?‘ect. By the phrase 
“kinase activity,” it is meant a catalytic activity in Which a 
gamma-phosphate from adenosine triphosphate (ATP) is 
transferred to an amino acid residue (e.g., serine, threonine, 
or tyrosine) in a protein substrate. A compound can modulate 
kinase activity, e.g., inhibiting it by directly competing With 
ATP for the ATP-binding pocket of the kinase, by producing 
a conformational change in the enzyme’s structure that 
affects its activity (e.g., by disrupting the biologically-active 
three-dimensional structure), etc. 

[0177] Kinase activity can be determined routinely using 
conventional assay methods. Kinase assays typically com 
prise the kinase enzyme, substrates, buffers, and components 
of a detection system. A typical kinase assay involves the 
reaction of a protein kinase With a peptide substrate and an 
ATP, such as 32P-ATP, to produce a phosphorylated end 
product (for instance, a phosphoprotein When a peptide 
substrate is used. The resulting end-product can be detected 
using any suitable method. When radioactive ATT is uti 
lized, a radioactively labeled phosphoprotein can be sepa 
rated from the unreacted gamma-32P-ATP using an af?nity 
membrane or gel electrophoresis, and then visualized on the 
gel using autoradiography or detected With a scintillation 
counter. Non-radioactive methods can also be used. Methods 
can utilize an antibody Which recognizes the phosphorylated 
substrate, e.g., an anti-phosphotyrosine antibody. For 
instance, kinase enzyme can incubated With a substrate, in 
the presence of ATP and kinase bu?er under conditions 
Which are e?‘ective for the enzyme to phosphorylate the 
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substrate. The reaction mixture can be separated, e.g., elec 
trophoretically, and then phosphorylation of the substrate 
can be measured, e.g., by Western blotting using an anti 
phosphotyrosine antibody. The antibody can be labeled With 
a detectable label, e.g., an enzyme, such as HRP, avidin or 
biotin, chemiluminescent reagents, etc. Other methods can 
utilize ELISA formats, a?inity membrane separation, ?uo 
rescence polarization assays, luminescent assays, etc. 

[0178] An alternative to a radioactive format is time 
resolved ?uorescence resonance energy transfer (TR 
FRET). This method folloWs the standard kinase reaction, 
Where a substrate, e.g., biotinylated poly(GluTyr), is phos 
phorylated by a protein kinase in the presence of ATP. The 
end-product can then detected With a europium chelate 
phosphospeci?c antibody (anti-phosphotyrosine or phos 
phoserine/threonine), and streptavidin-APC, Which binds 
the biotinylated substrate. These tWo-components are 
brought together spatially upon binding, and energy transfer 
from the phosphospeci?c antibody to the acceptor (SA 
APC) produces ?uorescent readout in the homogeneous 
format. 

[0179] The compounds of the present invention can be 
used to treat and/or prevent any disease or condition involv 
ing one or more cellular signal transduction pathWays com 
prising raf, VEGFR-2, VEGFR-3, p38, PDGFR-beta, and/or 
Flt-3. The term “treating” is used conventionally, e.g., the 
management or care of a subject for the purpose of com 
bating, alleviating, reducing, relieving, improving the con 
dition of, etc., of a disease or disorder. Diseases and condi 
tions that can be treated include any of those mentioned 
above and beloW, as Well as: 

[0180] Raf associated diseases include, e.g., cell-prolifera 
tion disorders, cancer, tumors, etc.; 

[0181] VEGFR-2 associated diseases include, e.g., cancer, 
tumor groWth, in?ammatory disease, rheumatoid arthritis, 
retinopathy, psoriasis, glomerulonephritis, asthma, chronic 
bronchitis, atherosclerosis, transplant rejection, conditions 
involving angiogenesis, etc.; 

[0182] VEGFR-3 associated diseases include, e.g., cancer, 
corneal disease, in?amed cornea (e.g., Hamrah, Am. J. Path., 
163157-68, 2003), corneal transplantation (Cursiefen et al., 
Cornea, 22:273-81, 2003), lymphatic hyperplasia, condi 
tions involving lymphangiogenesis, etc.; 

[0183] PDGFR-beta associated diseases include, e.g., dis 
eases or conditions characterized by cell proliferation, cell 
matrix production, cell movement, and/or extracellular 
matrix production. Speci?c examples, include, e.g., tumors, 
malignancies, cancer, metastasis, chronic myeloid leukemia, 
in?ammation, renal disease, diabetic nephropathy, mesan 
gial proliferative glomerulonephritis, ?brotic conditions, 
atherosclerosis, restenosis, hypertension-related arteroscle 
rosis, Venous bypass graft arterosclerosis, scleroderma, 
interstitial pulmonary diseases, synovial disorders, arthritis, 
leukemias, lymphomas, etc; 

[0184] Flt-3 associated diseases include, e.g., immune 
related disorders, blood cell disorders, conditions involving 
hematopoietic cell development (e.g., T-cells, B-cells, den 
dritic cells, cancer, anemia, HIV, acquired immune de? 
ciency syndrome, etc. 

[0185] In addition, compounds of the present invention 
can be used to treat conditions and disorders disclosed in 
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U.S. Pat. No. 6,316,479, e. g, glomerular sclerosis, interstitial 
nephritis, interstitial pulmonary ?brosis, atherosclerosis, 
Wound scarring and scleroderma. 

[0186] The compounds of this invention also have a broad 
therapeutic activity to treat or prevent the progression of a 
broad array of diseases, such as in?ammatory conditions, 
coronary restenosis, tumor-associated angiogenesis, athero 
sclerosis, autoimmune diseases, in?ammation, certain kid 
ney diseases associated With proliferation of glomerular or 
mesangial cells, and ocular diseases associated With retinal 
vessel proliferation. psoriasis, hepatic cirrhosis, diabetes, 
atherosclerosis, restenosis, vascular graft restenosis, in-stent 
stenosis, angiogenesis, ocurlar diseases, pulmonary ?brosis, 
obliterative bronchiolitis, glomerular nephritis, rheumatoid 
arthritis, 
[0187] The present invention also provides for treating, 
preventing, modulating, etc., one or more of the folloWing 
conditions in humans and/or other mammals: retinopathy, 
including diabetic retinopathy, ischemic retinal-vein occlu 
sion, retinopathy of prematurity and age related macular 
degeneration; rheumatoid arthritis, psoriasis, or bullous dis 
order associated With subepidermal blister formation, 
including bullous pemphigoid, erythema multiforme, or 
dermatitis herpetiforrnis, rheumatic fever, bone resorption, 
postmenopausal osteoperosis, sepsis, gram negative sepsis, 
septic shock, endotoxic shock, toxic shock syndrome, sys 
temic in?ammatory response syndrome, in?ammatory 
boWel disease (Crohn’s disease and ulcerative colitis), 
Jarisch-Herxheimer reaction, asthma, adult respiratory dis 
tress syndrome, acute pulmonary ?brotic disease, pulmo 
nary sarcoidosis, allergic respiratory disease, silicosis, coal 
Worker’s pneumoconiosis, alveolar injury, hepatic failure, 
liver disease during acute in?ammation, severe alcoholic 
hepatitis, malaria (Plasmodiumfalciparum malaria and cere 
bral malaria), non-insulin-dependent diabetes mellitus 
(NIDDM), congestive heart failure, damage folloWing heart 
disease, atherosclerosis, AlZheimer’s disease, acute 
encephalitis, brain injury, multiple sclerosis (demyelation 
and oligiodendrocyte loss in multiple sclerosis), advanced 
cancer, lymphoid malignancy, pancreatitis, impaired Wound 
healing in infection, in?ammation and cancer, myelodys 
plastic syndromes, systemic lupus erythematosus, biliary 
cirrhosis, boWel necrosis, radiation injury/toxicity folloWing 
administration of monoclonal antibodies, host-versus-graft 
reaction (ischemia reperfusion injury and allograft rejections 
of kidney, liver, heart, and skin), lung allograft rejection 
(obliterative bronchitis), or complications due to total hip 
replacement, ad an infectious disease selected from tuber 
culosis, Helicobacler pylori infection during peptic ulcer 
disease, Chaga’s disease resulting from Trypanosoma cruzi 
infection, effects of Shiga-like toxin resulting from E. coli 
infection, effects of enterotoxin A resulting from Staphylo 
coccus infection, meningococcal infection, and infections 
from Borrelia burgdorferi, Treponema pallidum, cytomega 
lovirus, in?uenZa virus, Theiler’s encephalomyelitis virus, 
and the human immunode?ciency virus (HIV), papilloma, 
blastoglioma, Kaposi’s sarcoma, melanoma, lung cancer, 
ovarian cancer, prostate cancer, squamous cell carcinoma, 
astrocytoma, head cancer, neck cancer, bladder cancer, 
breast cancer, colorectal cancer, thyroid cancer, pancreatic 
cancer, gastric cancer, hepatocellular carcinoma, leukemia, 
lymphoma, Hodgkin’s disease, Burkitt’s disease, arthritis, 
rheumatoid arthritis, diabetic retinopathy, angiogenesis, res 
tenosis, in-stent restenosis, vascular graft restenosis, pulmo 
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nary ?brosis, hepatic cirrhosis, atherosclerosis, glomeru 
lonophritis, diabetic nephropathy, thrombic micoangiopathy 
syndromes, transplant rejection, psoriasis, diabetes, Wound 
healing, in?ammation, and neurodegenerative diseases. 
hyperimmune disorders, hemangioma, myocardial angio 
genesis, coronary and cerebral collateral vasculariZation, 
ischemia, comeal disease, rubeosis, neovascular glaucoma, 
macular degeneration retinopathy of prematurity, Wound 
healing, ulcer Helicobacler related diseases, fractures, 
endometriosis, a diabetic condition, cat scratch fever, thy 
roid hyperplasia, asthma or edema folloWing burns, trauma, 
chronic lung disease, stroke, polyps, cysts, synovitis, 
chronic and allergic in?ammation, ovarian hyperstimulation 
syndrome, pulmonary and cerebral edema, keloid, ?brosis, 
cirrhosis, carpal tunnel syndrome, adult respiratory distress 
syndrome, ascites, an ocular condition, a cardiovascular 
condition, CroW-Fukase (POEMS) disease, Crohn’s disease, 
glomerulonophritis, osteoarthritis, multiple sclerosis, graft 
rejection, Lyme disease, sepsis, von Hippel Lindau disease, 
pemphigoid, Paget’s disease, polycystic kidney disease, 
sarcoidosis, throiditis, hyperviscosity syndrome, Osler-We 
ber-Rendu disease, chronic occlusive pulmonary disease, 
radiation, hypoxia, preeclampsia, menometrorrhagia, 
endometriosis, infection by Herpes simplex, ischemic ret 
inopathy, comeal angiogenisis, Herpes Zoster, human 
immunode?ciency virus, parapoxvirus, protoZoa, toxoplas 
mosis, and tumor-associated e?‘usions and edema. 

[0188] Compounds can possess more than one of the 
mentioned activities, and therefore can target a plurality of 
signal transduction pathWays. Thus, these compounds can 
achieve therapeutic and prophylactic effects which normally 
are only obtained When using a combination of different 
compounds. For instance, the ability to inhibit both neW 
vessel formation (e.g., associated With VEGFR-2 and -3 
function) (e.g., blood and/or lymph) and cell-proliferation 
(e.g., associated With raf and PDGFR-beta function) using a 
single compound is especially bene?cial in the treatment of 
cancer, and other cell-proliferation disorders that are facili 
tated by neovasculariZation. Thus, the present invention 
relates speci?cally to compounds Which possess at least 
anti-cell proliferation and anti-angiogenic (i.e., inhibits 
angiogenesis) activity. Any disorder or condition that Would 
bene?t from inhibiting vessel groWth and cell proliferation 
can be treated in accordance With the present invention. 
Using a single compound is also advantageous because its 
range of activities can be more precisely de?ned. 

[0189] As indicated above, the present invention relates to 
methods of treating and/or preventing diseases and condi 
tions; and/or modulating one or more of the pathWays, 
polypeptides, genes, diseases, conditions, etc., associated 
With raf, VEGFR-2, VEGFR-3, PDGFR-beta, and/or Flt-3. 
These methods generally involve administering e?‘ective 
amounts of compounds of the present invention, Where an 
effective amount is the quantity of the compound Which is 
useful to achieve the desired result. Compounds can be 
administered in any effective form by any effective route, as 
discussed in more detail beloW. 

[0190] Methods include modulating tumor cell prolifera 
tion, including inhibiting cell proliferation. The latter indi 
cates that the groWth and/or differentiation of tumor cells is 
reduced, decreased, diminished, sloWed, etc. The term “pro 
liferation” includes any process Which relates to cell groWth 
and division, and includes differentiation and apoptosis. As 
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discussed above, raf kinases play a key role in the activation 
of the cytoplasmic signaling cascade involved in cell pro 
liferation, differentiation, and apoptosis. For example, stud 
ies have found that inhibiting c-raf-1 by anti-sense oligo 
nucleotides can block cell proliferation (see above). Any 
amount of inhibition is considered therapeutic. 

[0191] Any tumor or cancer can be treated, including, but 
not limited to, cancers having one or more mutations in raf, 

VEGFR-2, VEGFR-3, PDGFR-beta, Flt-3, and/or ras, as 
Well as any upstream or doWnstream member of the signal 
ing pathWays of Which they are a part. As discussed earlier, 
a cancer can be treated With a compound of the present 
invention irrespective of the mechanism Which is respon 
sible for it. Cancers of any organ can be treated, including 
cancers of, but are not limited to, e.g., colon, pancreas, 
breast, prostate, bone, liver, kidney, lung, testes, skin, pan 
creas, stomach, colorectal cancer, renal cell carcinoma, 
hepatocellular carcinoma, melanoma, etc. 

[0192] Examples of breast cancer include, but are not 
limited to, invasive ductal carcinoma, invasive lobular car 
cinoma, ductal carcinoma in situ, and lobular carcinoma in 
situ. 

[0193] Examples of cancers of the respiratory tract 
include, but are not limited to, small-cell and non-small-cell 
lung carcinoma, as Well as bronchial adenoma and pleuro 
pulmonary blastoma. 

[0194] Examples of brain cancers include, but are not 
limited to, brain stem and hypophtalmic glioma, cerebellar 
and cerebral astrocytoma, medulloblastoma, ependymoma, 
as Well as neuroectodermal and pineal tumor. 

[0195] Tumors of the male reproductive organs include, 
but are not limited to, prostate and testicular cancer. Tumors 
of the female reproductive organs include, but are not 
limited to, endometrial, cervical, ovarian, vaginal, and vul 
var cancer, as Well as sarcoma of the uterus. 

[0196] Tumors of the digestive tract include, but are not 
limited to, anal, colon, colorectal, esophageal, gallbladder, 
gastric, pancreatic, rectal, small-intestine, and salivary gland 
cancers. 

[0197] Tumors of the urinary tract include; but are not 
limited to, bladder, penile, kidney, renal pelvis, ureter, and 
urethral cancers. 

[0198] Eye cancers include, but are not limited to, 
intraocular melanoma and retinoblastoma. 

[0199] Examples of liver cancers include, but are not 
limited to, hepatocellular carcinoma (liver cell carcinomas 
With or Without ?brolamellar variant), cholangiocarcinoma 
(intrahepatic bile duct carcinoma), and mixed hepatocellular 
cholangiocarcinoma. 
[0200] Skin cancers include, but are not limited to, squa 
mous cell carcinoma, Kaposi’s sarcoma, malignant mela 
noma, Merkel cell skin cancer, and non-melanoma skin 
cancer. 

[0201] Head-and-neck cancers include, but are not limited 
to, laryngeal, hypopharyngeal, nasopharyngeal, and/or 
oropharyngeal cancers, and lip and oral cavity cancer. 

[0202] Lymphomas include, but are not limited to, AIDS 
related lymphoma, non-Hodgkin’s lymphoma, cutaneous 
T-cell lymphoma, Hodgkin’s disease, and lymphoma of the 
central nervous system. 
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[0203] Sarcomas include, but are not limited to, sarcoma 
of the soft tissue, osteosarcoma, malignant ?brous histiocy 
toma, lymphosarcoma, and rhabdomyosarcoma. 

[0204] Leukemias include, but are not limited to, acute 
myeloid leukemia, acute lymphoblastic leukemia, chronic 
lymphocytic leukemia, chronic myelogenous leukemia, and 
hairy cell leukemia. 

[0205] In addition to inhibiting the proliferation of tumor 
cells, compounds of the present invention can also cause 
tumor regression, e.g., a decrease in the siZe of a tumor, or 
in the extent of cancer in the body. 

[0206] The present invention also relates to methods of 
modulating angiogenesis and/or lymphangiogenesis in a 
system comprising cells, comprising administering to the 
system an effective amount of a compound described herein. 
A system comprising cells can be an in vivo system, such as 
a tumor in a patient, isolated organs, tissues, or cells, in vitro 
assays systems (CAM, BCE, etc), animal models (e.g., in 
vivo, subcutaneous, cancer models), hosts in need of treat 
ment (e.g., hosts suffering from diseases having angiogenic 
and/or lymphangiogenic component, such as cancer), etc. 
Preferred compounds of the present invention inhibit angio 
genesis and/or lymphangiogenesis, e.g., the formation of 
neW blood vessels. 

[0207] Inappropriate and ectopic expression of angiogen 
esis can be deleterious to an organism. A number of patho 
logical conditions are associated With the groWth of extra 
neous blood vessels. These include, e.g., diabetic 
retinopathy, neovascular glaucoma, psoriasis, retrolental 
?broplasias, angio?broma, in?ammation, etc. In addition, 
the increased blood supply associated With cancerous and 
neoplastic tissue, encourages groWth, leading to rapid tumor 
enlargement and metastasis. Moreover, the groWth of neW 
blood and lymph vessels in a tumor provides an escape route 
for renegade cells, encouraging metastasis and the conse 
quence spread of the cancer. 

[0208] Useful systems for modulating angiogenesis, 
include, e.g., neovasculariZation of tumor explants (e.g., 
U.S. Pat. Nos. 5,192,744; 6,024,688), chicken chorioallan 
toic membrane (CAM) assay (e.g., Taylor and Folkman, 
Nature, 297:307-312, 1982; Eliceiri et al., J. Cell Biol., 140, 
1255-1263, 1998), bovine capillary endothelial (BCE) cell 
assay (e.g., U.S. Pat. No. 6,024,688; Polverini, P. J. et al., 
Methods EnZymol., 198: 440-450, 1991), migration assays, 
and HUVEC (human umbilical cord vascular endothelial 
cell) groWth inhibition assay (e.g., U.S. Pat. No. 6,060,449). 
In addition, useful systems for modulating lymphangiogen 
esis, include, e.g., rabbit ear model (e.g., SZuba et al., 
FASEB J., 16(14):1985-7, 2002). 

[0209] Modulation of angiogenesis can be determined by 
any suitable method. For example, the degree of tissue 
vascularity is typically determined by assessing the number 
and density of vesssels present in a given sample. For 
example, microvessel density (MVD) can be estimated by 
counting the number of endothelial clusters in a high-poWer 
microscopic ?eld, or detecting a marker speci?c for 
microvascular endothelium or other markers of groWing or 
established blood vessels, such as CD31 (also knoWn as 
platelet-endothelial cell adhesion molecule or PECAM). A 
CD31 antibody can be employed in conventional immuno 
histological methods to immunostain tissue sections as 
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described by, e.g., Penfold et al., Br. J. Oral and Maxill. 
Surg., 34: 37-41; U.S. Pat. No. 6,017,949; Dellas et al., Gyn. 
Oncol., 67:27-33, 1997; and others. Other markers for 
angiogenesis, include, e.g., VeZf1 (e.g., Xiang et al., Dev. 
Bio., 206:123-141, 1999), angiopoietin, Tie-1, and Tie-2 
(e.g., Sato et al., Nature, 376:70-74, 1995). Additionally, 
levels of circulating VEGF, such as VEGF-165, VEGF-C, 
VEGF-D, can be measured in an ELISA to determine 
Whether it is above a threshold value that indicates angion 
genic activity in the body. 

[0210] Additionally, the present invention relates to meth 
ods of screening patients to determine their susceptibility to 
compounds of the present invention. For example, the 
presenting invention relates to methods of selecting subjects 
having a disease for treatment With a compound of formula 
I, comprising, one or more of the folloWing steps in any 
effective order, e.g., measuring the expression or activity of 
Raf, VEGFR-2, VEGFR-3, p38, PDGFR-beta, and/or Flt-3, 
in a sample obtained from a subject having a disease, and 
administering said compound of formula I to subjects Who 
are identi?ed as having high levels of expression or activity, 
Where said compound is a compound of formula I of claim 
1. 

[0211] The term “susceptibility” is used broadly to indi 
cate, e.g., ability to respond, toxicity or other adverse effects, 
etc. For example, the invention relates to methods of deter 
mining Whether a condition can be modulated by a com 
pound disclosed herein, comprising measuring the expres 
sion or activity of Raf, VEGFR-2, VEGFR-3, p38, PDGFR 
beta, and/or Flt-3 in cells having said condition. The results 
can be used to determine or predict Whether a subject Will 
respond to a compound of the present invention. For 
example, Where the condition is a tumor, the methods can be 
used to predict Whether the tumor is susceptible to com 
pounds of the present invention. By the term “susceptible,” 
it is meant that tumor can be treated With it, e.g., causing 
tumor regression or cell death, inhibiting cell proliferation, 
inhibiting tumor groWth, inhibiting tumor metastasis, etc. 

[0212] Whether a condition, such as a tumor, is susceptible 
to a compound of the present invention can be determined 
routinely. For instance, cells or tissues (e.g., tumor cells, a 
biopsy sample, etc.) that exhibit the condition can be 
assayed for the presence and/or activity of Raf, VEGFR-2, 
VEGFR-3, p38, PDGFR-beta, and/or Flt-3. When high 
levels of expression and/or activity are identi?ed, this can 
indicate that the subject Will respond to, and bene?t from, a 
compound of the present invention. Levels of gene expres 
sion (e.g., mRNA levels), gene ampli?cation, or gene prod 
uct activity (e.g., tyrosine kinase activity) can be utiliZed to 
characterize the state of the cell With respect to the corre 
sponding gene and signaling pathWay. For example, the 
target genes of the present invention possess tyrosine kinase 
activity, and therefore kinase activity can be used to assess 
the cell or tissue state. In the example beloW, activity Was 
measured by looking at the levels of substrate phosphory 
lated by it. This can be done quantitatively (e.g., using 
isotopes, spectroscopy, etc.) or semi-quantitatively as in the 
example Where the levels Were assessed visually and 
assigned a level of intensity from +1 to +4. A cell or tissue 
Which has a high level of phosphorylated substrate (and a 
high number of cells exihibiting the heightened activity) can 
be considered to have a high level of kinase activity, and 
therefore be a candidate for therapy With a compound of the 
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present invention. More than one activity can be assessed, 
and the results from several targets can be utiliZed in 
deciding Whether a subj ect’s condition (e. g., a tumor) Will be 
responsive to a compound of the present invention. 

[0213] High levels of target activity can be relative to a 
control or other standard. For instance, in the example 
beloW, high levels of activity Were With reference to a cell 
type (stromal) in the tissue section Which normally does not 
express substantial levels of the target gene. High levels can 
therefore be Where cells express a statistically higher amount 
of measured activity or phosphoryated substrate than the 
standard or control used as a comparison. High levels can 
also be Where 25% or more cells express the target activity 
(e.g., phospho-ERK). 

[0214] The method can further comprise a step of com 
paring the expression in a sample With a normal control, or 
expression in a sample obtained from normal or una?fected 
tissue. Comparing can be done manually, against a standard, 
in an electronic form (e.g., against a database), etc. The 
normal control can be a standard sample that is provided 
With the assay; it can be obtained from adjacent, but unaf 
fected, tissue from the same patient; or, it can be pre 
determined values, etc. Gene expression, protein expression 
(e.g., abundance in a cell), protein activity (e.g., kinase 
activity), etc., can be determined. 

[0215] For instance, a biopsy from a cancer patient can be 
assayed for the presence, quantity, and/or activity of Raf, 
VEGFR-2, VEGFR-3, p38, PDGFR-beta, and/or Flt-3. 
Increased expression or activity of one or more of these can 
indicate that the cancer can be targeted for treatment by a 
compound of the present invention. For example, as 
described in the examples beloW, raf activity can be moni 
tored by its ability to initiate the cascade leading to ERK 
phosphorylation (i.e., raf/MEK/ERK), resulting in phospho 
ERK. Increased phospho-ERK levels in a cancer shoWs that 
its raf activity is elevated, suggesting the use of compounds 
of the present invention to treat it. In addition to biopsy 
samples, phospho-ERK (other markers) can also be mea 
sured in other body ?uids, such as serum, blood, cerebral 
spinal ?uid, urine, etc., such as in peripheral blood lympho 
cytes (PBLs). For the latter, inhibition of ERK phosphory 
lation can be measured folloWing activation With phorbol 
myristate acetate using antibodies as described in the 
examples beloW. 

[0216] In addition, patients having cancer can be selected 
and monitored on the basis of Whether the tissue is experi 
encing neovaculariZation, and hoW much. This can be 
assessed as discussed above, e.g., using immunohistochem 
istry for vessel markers (e.g., CD31), circulating levels of a 
VGFR ligand, etc. 

[0217] Patient selection and monitoring can also be made 
on the basis of the appearance in a body ?uid (such as blood) 
above normal levels of the shedded ectodomains derived 
from the various receptors, including the extracellular por 
tions of VEGFR-2, VEGFR-3, p38, PDGFR-beta, and Flt-3. 
Detection methods can be carried out routinely, e.g., using 
antibodies Which speci?cally bind to the extracellular 
domain. 

[0218] Measuring expression includes determining or 
detecting the amount of the polypeptide present in a cell or 
shed by it, as Well as measuring the underlying mRNA, 
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Where the quantity of mRNA present is considered to re?ect 
the quantity of polypeptide manufactured by the cell. Fur 
thermore, the genes for Raf, VEGFR-2, VEGFR-3, p38, 
PDGFR-beta, and/or Flt-3 can be analyzed to determine 
Whether there is a gene defect responsible for aberrant 
expression or polypeptide activity. Genes sequences are 
publically available; e.g., NMi004333 Homo sapiens v-raf 
murine sarcoma viral oncogene homolog B1 (BRAF); 
NMi004119 Homo sapiens fms-related tyrosine kinase 3 
(FLT3); NMi002609 Homo sapiens platelet-derived 
groWth factor receptor, beta polypeptide (PDGFRB); 
NMi002253 Homo sapiens VEGFR2; NMi182925 Homo 
sapiens fms-related tyrosine kinase 4 (FLT4); L35253 Homo 
sapiens p38 mitogen activated protein (MAP) kinase. 
[0219] Polypeptide detection can be carried out by any 
available method, e.g., by Western blots, ELISA, dot blot, 
immunoprecipitation, RIA, immunohistochemistry, etc. For 
instance, a tissue section can be prepared and labeled With 
a speci?c antibody (indirect or direct and visualiZed With a 
microscope. Amount of a polypeptide can be quantitated 
Without visualiZation, e.g., by preparing a lysate of a sample 
of interest, and then determining by ELISA or Western the 
amount of polypeptide per quantity of tissue. Antibodies and 
other speci?c binding agents can be used. There is no 
limitation on hoW detection is performed. 

[0220] Assays can be utiliZed Which permit quanti?cation 
and/or presence/absence detection of a target nucleic acid 
(e.g., genes, mRNA, etc., for raf, VEGFR, PDGFR, Flt-3, 
etc) in a sample. Assays can be performed at the single-cell 
level, or in a sample comprising many cells, Where the assay 
is “averaging” expression over the entire collection of cells 
and tissue present in the sample. Any suitable assay format 
can be used, including, but not limited to, e.g., Southern blot 
analysis, Northern blot analysis, polymerase chain reaction 
(“PCR”) (e.g., Saiki et al., Science, 241:53, 1988; US. Pat. 
Nos. 4,683,195, 4,683,202, and 6,040,166; PCR Protocols: 
A Guide to Methods and Applications, Innis et al., eds., 
Academic Press, NeW York, 1990), reverse transcriptase 
polymerase chain reaction (“RT-PCR”), anchored PCR, 
rapid ampli?cation of cDNA ends (“RACE”) (e.g., Schaefer 
in Gene Cloning and Analysis: Current Innovations, Pages 
99-115, 1997), ligase chain reaction (“LCR”) (EP 320 308), 
one-sided PCR (Ohara et al., Proc. Natl. Acad. Sci., 
86:5673-5677, 1989), indexing methods (e.g., US. Pat. No. 
5,508,169), in situ hybridiZation, differential display (e.g., 
Liang et al., Nucl. Acid. Res., 21 :3269 3275, 1993; US. Pat. 
Nos. 5,262,311, 5,599,672 and 5,965,409; WO97/18454; 
Prashar and Weissman, Proc. Natl. Acad. Sci., 93:659-663, 
and US. Pat. Nos. 6,010,850 and 5,712,126; Welsh et al., 
Nucleic Acid Res., 20:4965-4970, 1992, and US. Pat. No. 
5,487,985) and other RNA ?ngerprinting techniques, nucleic 
acid sequence based ampli?cation (“NASBA”) and other 
transcription based ampli?cation systems (e.g., US. Pat. 
Nos. 5,409,818 and 5,554,527; WO 88/10315), polynucle 
otide arrays (e.g., US. Pat. Nos. 5,143,854, 5,424,186; 
5,700,637, 5,874,219, and 6,054,270; PCT WO 92/10092; 
PCT W0 90/ 15070), Qbeta Replicase (PCT/US87/00880), 
Strand Displacement Ampli?cation (“SDA”), Repair Chain 
Reaction (“RCR”), nuclease protection assays, subtraction 
based methods, Rapid-Scan, etc. Additional useful methods 
include, but are not limited to, e.g., template-based ampli 
?cation methods, competitive PCR (e.g., US. Pat. No. 
5,747,251), redox-based assays (e.g., US. Pat. No. 5,871, 
918), Taqman-based assays (e.g., Holland et al., Proc. Natl. 
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Acad, Sci., 88:7276-7280, 1991; US. Pat. Nos. 5,210,015 
and 5,994,063), real-time ?uorescence-based monitoring 
(e.g., US. Pat. No. 5,928,907), molecular energy transfer 
labels (e.g., US. Pat. Nos. 5,348,853, 5,532,129, 5,565,322, 
6,030,787, and 6,117,635; Tyagi and Kramer, Nature Bio 
tech., 14:303-309, 1996). Any method suitable for single cell 
analysis of gene or protein expression can be used, including 
in situ hybridization, immunocytochemistry, MACS, FACS, 
?oW cytometry, etc. For single cell assays, expression prod 
ucts can be measured using antibodies, PCR, or other types 
of nucleic acid ampli?cation (e.g., Brady et al., Methods 
Mol. & Cell. Biol. 2, 17-25, 1990; EberWine et al., 1992, 
Proc. Natl. Acad. Sci., 89, 3010-3014, 1992, US. Pat. No. 
5,723,290). These and other methods can be carried out 
conventionally, e.g., as described in the mentioned publica 
tions. 

[0221] Activity of raf, VEGFR-2, VEGFR-3, p38, 
PDGFR-beta, and Flt-3 can be assessed routinely, e.g., as 
described in the examples beloW, or using standard assays 
for kinase activity (see, above). 
[0222] Measuring expression includes evaluating the all 
aspects of the transcriptional and translational machinery, of 
the gene. For instance, if a promoter defect causes, or is 
suspected of causing, the disorder, then a sample can be 
evaluated (i.e., “assessed”) by looking (e.g., sequencing or 
restriction mapping) at the promoter sequence in the gene, 
by detecting transcription products (e.g., RNA), by detecting 
translation product (e.g., polypeptide). Any measure of 
Whether the gene is functional can be used, including, 
polypeptide, polynucleotide, and functional assays for the 
gene’s biological activity. 
[0223] In making the assessment, it can be useful to 
compare the results to a gene Which is not associated With 
the disorder, or to the same gene but in a unaffected tissue 
or region of the same tissue. The nature of the comparison 
can be determined routinely, depending upon hoW the 
assessing is accomplished. If, for example, the mRNA levels 
of a sample is detected, then the mRNA levels of a normal 
can serve as a comparison, or a gene Which is knoWn not to 

be affected by the disorder. Methods of detecting mRNA are 
Well knoWn, and discussed above, e.g., but not limited to, 
Northern blot analysis, polymerase chain reaction (PCR), 
reverse transcriptase PCR, RACE PCR, etc. Similarly, if 
polypeptide production is used to evaluate the gene, then the 
polypeptide in a normal tissue sample can be used as a 
comparison, or, polypeptide from a different gene Whose 
expression is knoWn not to be affected by the disorder. These 
are only examples of hoW such a method could be carried 
out. 

[0224] Patients can also be selected for treatment if they 
have a particular genotype Which is knoWn to be associated 
With a cancer, especially genotypes which affect the Raf/ 
Mek/Erk pathWay, such as mutations in the BRAF, KRAS, 
or MEK genes. Along these lines, the the present invention 
relates to methods for selecting patients for treatment 
involving determining the the presence of a Raf, VEGFR-2, 
VEGFR-3, p38, PDGFR-beta, and/or Flt-3 gene mutation in 
a sample obtained from a subject, Wherein said mutation is 
associated With a disease, and administering said compound 
of formula I to subjects Who are identi?ed as having said 
mutation. 

[0225] The presence of the mutation can be determined 
conventionally, e.g., obtaining cells or a tissue sample from 
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a subject, extracting nucleic acid from it, determining the 
gene sequence or structure of a target gene (using, e.g., 
mRNA, cDNA, genomic DNA, etc), comparing the 
sequence or structure of the target gene to the structure of the 
normal gene, Whereby a difference in sequence or structure 
indicates a mutation in the gene in the subject. Mutations can 
be determined using any effective method, e.g., comparing 
restriction maps, nucleotide sequences, amino acid 
sequences, RFLPs, DNAse sites, DNA methylation ?nger 
prints (e.g., U.S. Pat. No. 6,214,556), protein cleavage sites, 
molecular Weights, electrophoretic mobilities, charges, ion 
mobility, etc., betWeen a standard gene and the subject’s 
gene. Proteins can also be compared. To carry out such 
methods, all or part of the gene or polypeptide can be 
compared. For example, if nucleotide sequencing is utiliZed, 
the entire gene can be sequenced, including promoter, 
introns, and exons, or only parts of it can be sequenced and 
compared, e.g., exon 1, exon 2, etc. 

[0226] The present invention also provides methods of 
assessing the e?icacy of a compound of the present inven 
tion in treating a disease, comprising one or more of the 
folloWing steps in any effective order, e.g., measuring the 
expression or activity of Raf, VEGFR-2, VEGFR-3, p38, 
PDGFR-beta, and/or Flt-3 in a sample obtained from said 
subject Who has been treated With a compound of the present 
invention, and determining the effects of said compound on 
said expression or activity. The measuring step can be 
carried out as described already. 

[0227] For instance, biopsy samples can be removed from 
patients Who have been treated With a compound of the 
present invention, and then assayed for the presence and/or 
activity of the mentioned signaling molecules. As discussed 
above, decreased levels of phospho-ERK in the cancer tissue 
(e.g., compared to a normal tissue or before treatment) 
indicate that the compound is exerting in vivo ef?cacy and 
a therapeutic effect. 

[0228] Determining the effects of the compound on 
expression or activity includes performing a comparison 
step betWeen a tissue sample and a control, or other type of 
standard. Examples of standards that can be used, include, 
but are not limited to, a tissue sample prior to treatment, a 
tissue sample from an unaffected tissue or from an unaf 
fected region of the affected tissue (e. g., from a region of the 
tissue Which is not transformed, cancerous, etc.), etc. A 
standard can also be a value, or range of values, that is 
representative of normal levels of expression that have been 
established for that marker. The comparison can also be 
made betWeen samples collected from at least tWo different 
timepoints during the treatment regimen With a compound of 
the present invention. For example, samples can be collected 
from various times after initiation of the drug treatment, and 
analysis of expression and/or activity levels can be used to 
monitor the progress/prognosis of the subject, e.g., hoW the 
subject is responding to the drug regimen. Any timepoint can 
be used, e.g., daily, tWice a Week, Weekly, every tWo Weeks, 
every month, yearly, a plurality of timepoints (at least 2, 3, 
4, 8, 12, etc.). 

[0229] The phrase “determining the effect” indicates that 
the result produced by the compound is analyZed and/or 
identi?ed. For instance, in Example 3, data is shoWn that 
compound reduced the levels of phospho-ERK (i.e., the 
effect of the compound on raf activity Was determined by 
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measuring phospho-ERK). Any type of effect can be iden 
ti?ed, e.g., Where the expression and/or activity is reduced, 
decreased, doWn-regulated, inhibited, blocked, increased, 
up-regulated, unchanged, etc. 

[0230] The method can be used to determine appropriate 
dosages and dosing regimens, e.g., hoW much compound to 
administer and at What frequency to administer it. By 
monitoring its effect on the signaling molecules in the tissue, 
the clinician can determine the appropriate treatment proto 
col and Whether it is achieving the desired effect, e.g., on 
modulating or inhibiting the signal transduction pathWay. 
For instance, if the compound is not effective in knocking 
doWn the amounts of a marker, such as phospho-ERK, the 
dosage can be increased in the patient or given more 
frequently. Similarly, dosages and/or frequency can be 
reduced When it is shoWn that the compound is effective in 
knocking doWn the levels of phospho-ERK or other marker 
for the disease state. Since the compounds can be adminis 
tered in combination With others treatments, e.g., radiation, 
chemotherapy, and other agents, the monitoring of the 
subject can be used to assess the combined effects of the 
treatment regimen on the progress of the disease. 

[0231] Examples of mutations, include mutations in 
K-RAS; mutations in the BRAF gene, such as mutations at 
position 599, such as V599E, and positions 461, 462, 463, 
465, 468, 593, 596, 60, etc., Which are associated With 
cancers, such as melanoma. 

[0232] Compounds of the present invention also can be 
used as markers to determine the presence and quantity of 
raf, VEGFR-2, VEGFR-3, PDGFR-beta, and/or Flt-3. Meth 
ods can involve the presence of Raf, VEGFR-2, VEGFR-3, 
PDGFR-beta, and/or Flt-3 in a sample comprising a bio 
logical material, comprising one or more of the folloWing 
steps in any effective order, e.g., contacting said sample 
comprising a biological material With a compound of the 
present invention, and determining Whether said compound 
binds to said material. The compound can be labeled, or it 
can be used as a competitor to a labeled compound, such as 
labeled-ATP. 

[0233] The invention also provides methods for treating, 
preventing, modulating, etc., diseases and conditions in 
mammals comprising administering a compound of this 
invention With another modulator of the signal transduction 
pathWay comprising, but not limited to raf, VEGFR, 
PDGFR, and/or FLT-3. These can be present in the same 
composition or in separate formulations or dosage units. 
Administration can be the same or different routes, and can 

be simultaneous, sequential, etc. 

[0234] The invention also relates to methods for treating, 
preventing, modulating, etc., diseases and conditions, com 
prising administering a compound of this invention With 
another active agent, e. g., once or more per day for up to 28 
consecutive days With the concurrent or intermittent admin 
istration of another active agent over the same total time 
period. 

[0235] Optional anti-hyper-proliferative agents Which can 
be added to the composition include but are not limited to 
compounds listed on the cancer chemotherapy drug regi 
mens in the 11th Edition of the Merck Index, (1996), Which 
is hereby incorporated by reference, such as asparaginase, 
bleomycin, carboplatin, carmustine, chlorambucil, cisplatin, 
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colaspase, cyclophosphamide, cytarabine, dacarbaZine, dac 
tinomycin, daunorubicin, doxorubicin (adriamycine), epiru 
bicin, etoposide, 5-?uorouracil, hexamethylmelamine, 
hydroxyurea, ifosfamide, irinotecan, leucovorin, lomustine, 
mechlorethamine, 6-mercaptopurine, mesna, methotrexate, 
mitomycin C, mitoxantrone, prednisolone, prednisone, pro 
carbaZine, raloxifen, streptoZocin, tamoxifen, thioguanine, 
topotecan, vinblastine, vincristine, and vindesine. 

[0236] Other anti-hyper-proliferative agents suitable for 
use With the composition of the invention include, but are 
not limited to, those compounds acknowledged to be used in 
the treatment of neoplastic diseases in Goodman and Gil 
man ’s The Pharmacological Basis of Therapeutics (Ninth 
Edition), editor Molinolf et al., publ. by McGraW-Hill, pages 
1225-1287, (1996), Which is hereby incorporated by refer 
ence, such as aminoglutethimide, L-asparaginase, aZathio 
prine, 5-aZacytidine cladribine, busulfan, diethylstilbestrol, 
2',2'-di?uorodeoxycytidine, docetaxel, erythrohydrox 
ynonyladenine, ethinyl estradiol, 5-?uorodeoxyuridine, 
5-?uorodeoxyuridine monophosphate, ?udarabine phos 
phate, ?uoxymesterone, ?utamide, hydroxyprogesterone 
caproate, idarubicin, interferon, medroxyprogesterone 
acetate, megestrol acetate, melphalan, mitotane, paclitaxel, 
pentostatin, N-phosphonoacetyl-L-aspartate (PALA), plica 
mycin, semustine, teniposide, testosterone propionate, 
thiotepa, trimethylmelamine, uridine, and vinorelbine. 

[0237] Compounds of the present invention can be admin 
istered in any form by any effective route, including, e.g., 
oral, parenteral, enteral, intravenous, intraperitoneal, topical, 
transdermal (e.g., using any standard patch), ophthalmic, 
nasally, local, non-oral, such as aerosal, inhalation, subcu 
taneous, intramuscular, buccal, sublingual, rectal, vaginal, 
intra-arterial, and intrathecal, etc. They can be administered 
alone, or in combination With any ingredient(s), active or 
inactive. They can be administered in any effective dosage, 
e.g., from about 0.1 to about 200 mg/kg of total body Weight. 

[0238] The present invention relates to a method for using 
the compounds described above (Compounds of Formula 1), 
including salts and esters thereof and compositions thereof, 
to treat mammalian hyper-proliferative disorders. This 
method comprises administering to a mammal in need 
thereof, including a human, an amount of a compound of this 
invention, or a pharmaceutically acceptable salt or ester 
thereof, Which is effective to treat the disorder. Hyper 
proliferative disorders include but are not limited to solid 
tumors, such as cancers of the breast, respiratory tract, brain, 
reproductive organs, digestive tract, urinary tract, eye, liver, 
skin, head and neck, thyroid, parathyroid and their distant 
metastases. Those disorders also include lymphomas, sar 
comas, and leukemias. 

[0239] Synthetic transformations that may be employed in 
the synthesis of compounds of Formula I and in the synthesis 
of intermediates involved in the synthesis of compounds of 
Formula I are knoWn by or accessible to one skilled in the 
art. Collections of synthetic transformations may be found in 
compilations, such as: 

[0240] J. March. Advanced Organic Chemistry, 4th ed.; 
John Wiley: NeW York (1992) 

[0241] R. C. Larock. Comprehensive Organic Transfor 
mations, 2nd ed.; Wiley-VCH: NeW York (1999) 

[0242] F. A. Carey; R. J. Sundberg. Advanced Organic 
Chemistry, 2nd ed.; Plenum Press: NeW York (1984) 
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[0243] T. W. Greene; P. G. M. Wuts. Protective Groups in 
Organic Synthesis, 3rd ed.; John Wiley: NeW York (1999) 

[0244] L. S. Hegedus. Transition Metals in the Synthesis 
of Complex Organic Molecules, 2nd ed.; University Sci 
ence Books: Mill Valley, Calif. (1994) 

. . aquette, . e ncyc ope ia o eagents 0245 LAP EdThE l d R 
for Organic Synthesis; John Wiley: NeW York (1994) 

[0246] A. R. KatritZky; O. Meth-Cohn; C. W. Rees, Eds. 
Comprehensive Organic Functional Group Transforma 
tions; Pergamon Press: Oxford, UK (1995) 

[0247] G. Wilkinson; F. G A. Stone; E. W. Abel, Eds. 
Comprehensive Organometallic Chemistry; Pergamon 
Press: Oxford, UK (1982) 

[0248] B. M. Trost; l. Fleming. Comprehensive Organic 
Synthesis; Pergamon Press: Oxford, UK (1991) 

[0249] A. R KatritZky; C. W. Rees Eds. Comprehensive 
Heterocylic Chemistry; Pergamon Press: Oxford, UK 
(1984) 

[0250] A. R. KatritZky; C. W. Rees; E. F. V. Scriven, Eds. 
Comprehensive Heterocylic Chemistry [1; Pergamon 
Press: Oxford, UK (1996) 

[0251] C. Hansch; P. G. Sammes; J. B. Taylor, Eds. 
Comprehensive Medicinal Chemistry: Pergamon Press: 
Oxford, UK (1990). 

[0252] In addition, recurring revieWs of synthetic meth 
odology and related topics include Organic Reactions; John 
Wiley: NeW York; Organic Syntheses; John Wiley: NeW 
York; Reagents for Organic Synthesis: John Wiley: NeW 
York; The Total Synthesis of Natural Products; John Wiley: 
NeW York; The Organic Chemistry ofDrug Synthesis; John 
Wiley: NeW York; Annual Reports in Organic Synthesis; 
Academic Press: San Diego Calif.; and Methtoden der 
Organischen Chemie (Houben-Weyl); Thieme: Stuttgart 
Germany. Furthermore, databases of synthetic transforma 
tions include Chemical Abstracts, Which may be searched 
using either CAS OnLine or SciFinder, Handbuch der 
Organischen Chemie (Beilstein), Which may be searched 
using SpotFire, and REACCS. 

General Preparative Methods 

[0253] The diaryl ureas of Formula I may be prepared by 
the use of knoWn chemical reactions and procedures, some 
from starting materials Which are commercially available. 
Nevertheless, general preparative methods are provided 
beloW to aid one skilled in the art in synthesiZing these 
compounds, With more detailed examples being provided in 
the Experimental section Which folloWs. 

[0254] Substituted anilines may be generated using stan 
dard methods (March. Advanced Organic Chemistry, 3rd 
Ed.; John Wiley: NeW York (1985). Larock. Comprehensive 
Organic Transformations; VCH Publishers: NeW York 
(1989)). As shoWn in Scheme 1, aryl amines are commonly 
synthesiZed by reduction of nitroaryls using a metal catalyst, 
such as Ni, Pd, or Pt, and H2 or a hydride transfer agent, such 
as formate, cyclohexadiene, or a borohydride (Rylander. 
Hydrogenation Methods; Academic Press: London, UK 
(1985)). Nitroaryls may also be directly reduced using a 
strong hydride source, such as LiAlH4 (Seyden-Penne. 
Reductions by the Alumino- and Borohydrides in Organic 
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Synthesis; VCH Publishers: New York (1991)), or using a 
Zero valent metal, such as Fe, Sn or Ca, often in acidic 
media. Many methods exist for the synthesis of nitroaryls 
(March. Advanced Organic Chemistry, 3rd Ed; John Wiley: 
NeW York (1985). Larock. Comprehensive Organic Trans 
formations; VCH Publishers: NeW York (1989)). 

HZ/ catalyst 
/ (eg. Ni, Pd, Pt) \ 

AINOZ —> AINHZ 

(eg. Fe, Sn, Ca) 

[0255] Nitroaryls are commonly formed by electrophilic 
aromatic nitration using HNO3, or an alternative N02+ 
source. Nitroaryls may be further elaborated prior to reduc 
tion. Thus, nitroaryls substituted With 

HNO3 
Ar—H —> ArNOZ 

potential leaving groups (eg F, Cl, Br, etc.) may undergo 
substitution reactions on treatment With nucleophiles, such 
as thiolate (exempli?ed in Scheme 11) or phenoxide. Nitroar 
yls may also undergo Ullman-type coupling reactions 
(Scheme 11). 

Scheme 11 
Selected Nucleophilic Aromatic Substitution using Nitroaryls 

OZN / 
> \ F ArSH 

base R/— 
1 OZN 

R/— 
OZN / > \ w 2 

SH CuO/base 
R/— 

3 

[0256] Nitroaryls may also undergo transition metal medi 
ated cross coupling reactions. For example, nitroaryl elec 
trophiles, such as nitroaryl bromides, iodides or tri?ates, 
undergo palladium mediated cross coupling reactions With 
aryl nucleophiles, such as arylboronic acids (SuZuki reac 
tions, exempli?ed beloW), aryltins (Stille reactions) or arylZ 
incs (Negishi reaction) to afford the biaryl (5). 

ON ON 

2* \ ~11?» ivy. R/— R/— 
4 5 
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[0257] As shoWn in Scheme Ill, non-symmetrical urea 
formation may involve reaction of an aryl isocyanate (14) 
With an aryl amine (13). The heteroaryl isocyanate may be 
synthesized from a heteroaryl amine by treatment With 
phosgene or a phosgene equivalent, such as trichloromethyl 
chloroformate (diphosgene), bis(trichloromethyl) carbonate 
(triphosgene), or N,N'-carbonyldiimidaZole (CD1). The iso 
cyanate may also be derived from a heterocyclic carboxylic 
acid derivative, such as an ester, an acid halide or an 
anhydride by a Curtius-type rearrangement. Thus, reaction 
of acid derivative 16 With an aZide source, folloWed by 
rearrangement alfords the isocyanate. The corresponding 
carboxylic acid (17) may also be subjected to Curtius-type 
rearrangements using diphenylphosphoryl aZide (DPPA) or 
a similar reagent. 

Scheme 111 
Selected Methods of Non-Symmetrical Urea Formation 

Arl—NH2 
13 

00012 O 

AII_NCO L2, Ark i A; / 
14 N N 

n n 

15 

o 0 

Mix ArliOH 
16 17 

[0258] Finally, ureas may be further manipulated using 
methods familiar to those skilled in the art. 

[0259] The compounds may be administered orally, topi 
cally, parenterally, by inhalation or spray or rectally in 
dosage unit formulations. The term ‘administration by inj ec 
tion’ includes intravenous, intramuscular, subcutaneous and 
parenteral injections, as Well as use of infusion techniques. 
One or more compounds may be present in association With 
one or more non-toxic pharmaceutically acceptable carriers 
and if desired other active ingredients. 

[0260] Compositions intended for oral use may be pre 
pared according to any suitable method knoWn to the art for 
the manufacture of pharmaceutical compositions. Such com 
positions may contain one or more agents selected from the 
group consisting of diluents, sWeetening agents, ?avoring 
agents, coloring agents and preserving agents in order to 
provide palatable preparations. Tablets contain the active 
ingredient in admixture With non-toxic pharmaceutically 
acceptable excipients Which are suitable for the manufacture 
of tablets. These excipients may be, for example, inert 
diluents, such as calcium carbonate, sodium carbonate, 
lactose, calcium phosphate or sodium phosphate; granulat 
ing and disintegrating agents, for example, corn starch, or 
alginic acid; and binding agents, for example magnesium 
stearate, stearic acid or talc. The tablets may be uncoated or 
they may be coated by knoWn techniques to delay disinte 




































































