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AMIDE DERIVATIVES AS PDGFR MODULATORS 

[0001] This application claims priority to US. Provisional 
Application No. 60/520,273, ?led Nov. 13, 2003, US. 
Provisional Application No. 60/527,094, ?led Dec. 3, 2003, 
US. Provisional Application No. 60/531,243, ?led Dec. 18, 
2003, and US. Provisional Application No. 60/531,082, 
?led Dec. 18, 2003, the contents of Which are incorporated 
herein by reference in their entirety. 

BACKGROUND 

[0002] Protein kinases (PKs) play a role in signal trans 
duction pathWays regulating a number of cellular functions, 
such as cell groWth, differentiation, and cell death. PKs are 
enZymes that catalyZe the phosphorylation of hydroXy 
groups on tyrosine, serine and threonine residues of proteins, 
and can be conveniently broken doWn into tWo classes, the 
protein tyrosine kinases (PTKs) and the serine-threonine 
kinases (STKs). GroWth factor receptors With PTK activity 
are knoWn as receptor tyrosine kinases. Protein receptor 
tyrosine kinases are a family of tightly regulated enZymes, 
and the aberrant activation of various members of the family 
is one of the hallmarks of cancer. The protein-tyrosine 
kinase family, Which includes Bcr-Abl tyrosine kinase, can 
be divided into subgroups that have similar structural orga 
niZation and sequence similarity Within the kinase domain. 
The members of the type III group of receptor tyrosine 
kinases include the platelet-derived groWth factor (PDGF) 
receptors (PDGF receptors or and [3), colony-stimulating 
factor (CSF-1) receptor (CSF-1R, c-Fms), FLT-3, and stem 
cell or steel factor receptor (c-kit). A more complete listing 
of the knoWn Protein receptor tyrosine kinases subfamilies 
is described in PloWman et al., DN&P, 7(6):334-339 (1994), 
Which is incorporated by reference, including any draWings, 
as if fully set forth herein. Furthermore, for a more detailed 
discussion of “non-receptor tyrosine kinases”, see Bolen, 
Oncogene, 82025-2031 (1993), Which is incorporated by 
reference, including any draWings, as if fully set forth 
herein. 

[0003] Hematologic cancers, also knoWn as hematologic 
or hematopoietic malignancies, are cancers of the blood or 
bone marroW; including leukemia and lymphoma. Acute 
myelogenous leukemia (AML) is a clonal hematopoietic 
stem cell leukemia that represents ~90% of all acute leuke 
mias in adults. See e.g., LoWenberg et al., N. Eng. J. Med. 
34111051 -62 (1999). While chemotherapy can result in 
complete remissions, the long term disease-free survival rate 
for AML is about 14% With about 7,400 deaths from AML 
each year in the United States. The single most commonly 
mutated gene in AML is FLT3 kinase. See e.g., Abu-Duhier 
et al., Br J. Haemotol. 111:190-05 (2000); Kiyoi et al., 
Blood 93:3074-80 (1999); Kottaridis et al., Blood 98:1752 
59 (2001); StireWalt et al., Blood 97:3589-95 (2001). Such 
mutations also indicate a poor prognosis for the patient. 

[0004] The compounds provided by the present invention 
are urea derivatives of substituted aryls and hetroaryls, e.g., 
isoXaZoles, pyraZoles and isothiaZoles. Urea derivatives of 
pyraZoles have been reported to be selective p38 kinase 
inhibitors by Dumas, J ., et al., Bioorg. Medic. Chem. Lett. 
10:2051-2054 (2000). OXaZoles and isopyraZoles are sug 
gested as blockers of cytokine production in WO 00/43384 
published 27 Jul. 2000. Urea derivatives of isoXaZole and 
pyraZoles are described as inhibitors of RAF kinase in WO 
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99/32106 published 1 Jul. 1999. Such compounds are also 
described as p38 kinase inhibitors by Dumas, J., et al., 
Bioorg. Medic. Chem. Lett. 10:2047-2050 (2000). These 
compounds are also suggested as p38 kinase inhibitors in 
PCT publication WO 99/32111 published 1 Jul. 1999. 

[0005] There remains a need for additional compounds 
that are effective in inhibiting kinase activity. Given the 
complexities of signal transduction With the redundancy and 
crosstalk betWeen various pathWays, the identi?cation of 
speci?c kinase inhibitors permits accurate targeting With 
limited inhibition of other pathWays, thus reducing the 
toXicity of such inhibitory compounds. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides compounds Which 
modulate kinase activity, and in some embodiments inhibit 
protein tyrosine kinases or a speci?c kinase or kinase class. 
In some embodiments, the compositions and methods for 
treating and preventing conditions and diseases, such as 
cancer, hematologic malignancies, cardiovascular disease, 
in?ammation or multiple sclerosis. The compounds of the 
invention can be delivered alone or in combination With 
additional agents, and are used for the treatment and/or 
prevention of conditions and diseases. As used throughout 
the speci?ccation, unless otherWise stated, each of the 
substituents is as previously de?ned. 

[0007] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

Formula A 
A31 A32 Ari Ara / 

\(cHz) 

[0008] Wherein: 

[0009] (a) A81 is N—R3a or C—R(3,)2 and A82 is N—R3a 
or C—R(3a)2, Wherein one of A81 or A82 is N and one is C 
Wherein each R3'‘) is independently a suitable substituent 
selected from hydrogen, or an alkyl, alkenyl, heteroalkyl, 
haloalkyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, het 
eroaryl group unsubstituted or substituted With one or more 
suitable substituents independently selected from the group 
consisting of: halogens; —CN; and —NO2; and alkyl, 
alkenyl, heteroalkyl, haloalkyl, alkynyl, aryl, cycloalkyl, 
heterocycloalkyl, heteroaryl, —(CH2)ZCN Where Z is a 
Whole integer, preferably from 0 to 4, =NH, —NHOH, 
—OH, —C(O)H, —OC(O)H, —C(O)OH, —OC(O)OH, 
—OC(O)OC(O)H, —OOH, —C(NH)NH2, —NHC 
(NH)NH2, —C(S)NH2, —NHC(S)NH2, —NHC(O)NH2, 
—S(O2)H, —S(O)H, —NH2, —C(O)NH2, —OC(O)NH2, 
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—NHC(S0)H, —NHC(S)H, and —SH groups unsubsti 
tuted or substituted With one or more suitable substituents 

independently selected from the group consisting of halo 
gens, =0, —N02, —CN, —(CH2)Z—CN Where Z is a 
Whole integer, preferably from 0 to 4, —0Rc, —NRCORC, 
—NRCRC, —C(0)NRc, —C(0)0RC, —C(0)Rc, —NRcC(0 
)NRCRC, —NRcC(0)Rc, —0C(0)0Rc, —0C(0)NRcRc, 
—SRC, unsubstituted alkyl, unsubstituted alkenyl, unsubsti 
tuted alkynyl, unsubstituted aryl, unsubstituted cycloalkyl, 
unsubstituted heterocycloalkyl, and unsubstituted het 
eroaryl, or tWo or more substituents cycliZe to form a fused 
or spiro polycyclic cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group, Where each RC is indepenently selected 
from hydrogen, unsubstituted alkyl, unsubstituted alkenyl, 
unsubstituted alkynyl, unsubstituted aryl, unsubstituted 
cycloalkyl, unsubstituted heterocycloalkyl, and unsubsti 
tuted heteroaryl, or tWo or more RC groups together cycliZe 
to form part of a heteroaryl or heterocycloalkyl group 
unsubstituted or substituted With an unsubstituted alkyl 
group; or tWo R3,,S cycliZe to form part of a heteroaryl or 
heterocycloalkyl group unsubstituted or substituted With one 
tWo or three suitable substituents selected from halogen, 
=0; =S; —CN; —N02, or an alkyl, alkenyl, heteroalkyl, 
haloalkyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, het 
eroaryl group unsubstituted or substituted With one or more 
suitable substituents independently selected from the group 
consisting of: halogens; =0; =S; —CN; and —N02; and 
alkyl, alkenyl, heteroalkyl, haloalkyl, alkynyl, aryl, 
cycloalkyl, heterocycloalkyl, heteroaryl, —(CH2)ZCN 
Where Z is a Whole integer, preferably from 0 to 4, =NH, 
—NHOH, —0H, —C(0)H, —0C(0)H, —C(0)0H, 
—0C(0)0H, —0C(0)0C(0)H, —00H, —C(NH)NH2, 
—NHC(NH)NH2, —C(S)NH2, —NHC(S)NH2, —NH 
C(0)NH2, —S(02)H, —S(0)H, —NH2, —C(0)NH2, 
—0C(0)NH2, —NHC(0)H, —NHC(0)0H, —C(0)NH 
C(0)H, —0S(02)H, —0S(0)H, —0SH, —SC(0)H, 
—S(0)C(0)0H, —S02C(0)0H, —NHSH, —NHS(0)H, 
—NHSOZH, —C(0)SH, —C(0)S(0)H, —C(0)S(02)H, 

—NHC(S0)H, —NHC(S)H, and —SH groups unsubsti 
tuted or substituted With one or more suitable substituents 

independently selected from the group consisting of halo 
gens, =0, —N02, —CN, —(CH2)Z—CN Where Z is a 
Whole integer, preferably from 0 to 4, —0Rc, —NRCORC, 
—NRCRC, —C(0)NRc, —C(0)0RC, —C(0)Rc, —NRcC(0 
)NRCRC, —NRcC(0)Rc, —0C(0)0Rc, —0C(0)NRcRc, 
—SRC, unsubstituted alkyl, unsubstituted alkenyl, unsubsti 
tuted alkynyl, unsubstituted aryl, unsubstituted cycloalkyl, 
unsubstituted heterocycloalkyl, and unsubstituted het 
eroaryl, or tWo or more substituents cycliZe to form a fused 
or spiro polycyclic cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl group, Where each RC is independently selected 
from hydrogen, unsubstituted alkyl, unsubstituted alkenyl, 
unsubstituted alkynyl, unsubstituted aryl, unsubstituted 
cycloalkyl, unsubstituted heterocycloalkyl, and unsubsti 
tuted heteroaryl, or tWo or more RC groups together cycliZe 
to form part of a heteroaryl or heterocycloalkyl group 
unsubstituted or substituted With an unsubstituted alkyl 
group; 

[0010] (b) Ar1,Ar2 and Ar3 are each independently an aryl, 
heteroaryl, cycloalkyl or heterocycloalkyl group unsubsti 
tuted or substituted With one or more suitable substituents 
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independently selected from the group consisting of: halo 
gens; =0; =S; —CN; and —N02; and alkyl, alkenyl, 
heteroalkyl, haloalkyl, alkynyl, aryl, cycloalkyl, heterocy 
cloalkyl, heteroaryl, —(CH2)ZCN Where Z is a Whole integer, 
preferably from 0 to 4, =NH, —NHOH, —0H, —C(0)H, 
—0C(0)H, —C(0)0H, —0C(0)0H, —0C(0)0C(0)H, 
—00H, —C(NH)NH2, —NHC(NH)NH2, —C(S)NH2, 
—NHC(S)NH2, —NHC(0)NH2, —S(02)H, —S(0)H, 
—NH2, —C(0)NH2, —0C(0)NH2, —NHC(0)H, —NH 

—0C(S)0H, —0C(S02)H, —S(02)NH2, —S(0)NH2, 
—SNH2, —NHCS(02)H, —NHC(S0)H, —NHC(S)H, and 
—SH groups unsubstituted or substituted With one or more 

suitable substituents independently selected from the group 
consisting of halogens, =0, —N02, —CN, —(CH2)Z—CN 
Where Z is a Whole integer, preferably from 0 to 4, —0Rc, 
—NRCORC, —NRCRC, —C(0)NRC, —C(0)0RC, —C(0)Rc, 
—NRc(0)NRcRc, —NRcC(0)Rc, —0C(0)0Rc, 
—0C(0)NRcRc, —SRC, unsubstituted alkyl, unsubstituted 
alkenyl, unsubstituted alkynyl, unsubstituted aryl, unsubsti 
tuted cycloalkyl, unsubstituted heterocycloalkyl, and unsub 
stituted heteroaryl, or tWo or more substituents cycliZe to 
form a fused or spiro polycyclic cycloalkyl, heterocy 
cloalkyl, aryl, or heteroaryl group, Where each RC is inde 
pendently selected from hydrogen, unsubstituted alkyl, 
unsubstituted alkenyl, unsubstituted alkynyl, unsubstituted 
aryl, unsubstituted cycloalkyl, unsubstituted heterocy 
cloalkyl, and unsubstituted heteroaryl, or tWo or more RC 
groups together cycliZe to form part of a heteroaryl or 
heterocycloalkyl group unsubstituted or substituted With an 
unsubstituted alkyl group; 

[0011] (c) n1 is 0, 1, 2, 3 or 4; 

[0012] (d) n2 is 0, 1, 2, 3 or 4; 

[0013] (e) n3 is 0, 1, 2, 3 or 4; 

[0014] Z3 is a bond or is selected from S, 0, N, NRC, 
C(0)NRc, NRcC(0), and CRC, Wherein RC is a suitable 
substituent selected from hydrogen, unsubstituted alkyl, 
unsubstituted alkenyl, unsubstituted alkynyl, unsubstituted 
aryl, unsubstituted cycloalkyl, unsubstituted heterocy 
cloalkyl, or unsubstituted heteroaryl group; and 

[0015] (g) Wa is S or 0; 

[0016] or a pharrnaceutically acceptable salt, pharrnaceu 
tically acceptable N-oXide, isorner, derivative, pharrnaceu 
tically active metabolite, pharrnaceutically acceptable pro 
drug, or pharrnaceutically acceptable solvate thereof. 

[0017] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 
compound having the structure: 

(IA) 
K 

65E 
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[0018] wherein: 

[0019] M is substituted or unsubstituted heteroaryl, 
or substituted or unsubstituted aryl; 

[0020] N is a substituted or unsubstituted aryl, or 
substituted or unsubstituted hetroaryl; and 

[0021] K is 

[0022] Y is O or S; 

[0023] each Rk is independently H, halogen, sub 
stituted or unsubstituted alkyl, —OH, substituted 
or unsubstituted alkoXy, —OC(O)R2, —NO2, 

unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocy 
clyl, substituted or unsubstituted aryl, or substi 
tuted or unsubstituted heteroaryl; or Wherein tWo 
R2 groups are linked together by an optionally 
substituted alkylene; and 

[0025] 
[0026] or an active metabolite, or a pharrnaceutically 

acceptable prodrug, isorner, pharrnaceutically 
acceptable salt or solvate thereof. 

each n is independently 0, 1, 2, 3 or 4; 

[0027] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 
compound having the structure: 

(113) 

[0028] Wherein: 

[0029] each Z is independently C, CR3, N, NR3, O, or 
S, provided that no more than tWo Z’s are heteroa 
torns and Wherein no tWo adjacent Z’s are O or S, 

[0030] Where R3 is H, substituted or unsubstituted 
alkyl, substituted or unsubstituted cycloalkyl, sub 
stituted or unsubstituted heteroaryl, or substituted 
or unsubstituted aryl; and 

[0031] each R1 is independently H, halogen, substi 
tuted or unsubstituted alkyl, substituted or unsubsti 
tuted alkoXy, substituted or unsubstituted cycloalkyl, 
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substituted or unsubstituted heterocyclyl, substituted 
or unsubstituted aryl, substituted or unsubstituted 

heteroaryl, —ORC—OH, —OC(O)RC, —NO2, 
—N(Rc)2, —SRC, S(O)]-Rc Where j is 1 or 2, —NRC 
C(O)RC, —C(O>N(RC>Z, c(o)2Rc, or —c(o)Rc; or 
tWo adjacent Rl’s, are taken together to form a 
substituted or unsubstituted aryl or heteroaryl, Where 

[0032] each RC is independently H, substituted or 
unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted aryl, or 
substituted or unsubstituted heteroaryl. 

[0033] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 

compound having the structure: 

[0034] Wherein K is 

IE2 Rk Rk IE2 

X O or X 0 Where 

[0035] each Rk is independently H, halogen, substi 
tuted or unsubstituted alkyl, or substituted or unsub 
stituted alkoXy. 

(I) 

[0036] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 
compound having the structure: 

(11) 
R1 

[0037] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 
compound having the structure: 
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(III) 

R1 R 
3 

R1 K 

[0038] wherein Z1 is CR3 or N; and Z2 is O or S. 

[0039] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(IV) 

R1 K 

R1 

[0040] Wherein: 

[0041] each R1 is independently H, halogen, substi 
tuted or unsubstituted alkyl, —O(substituted or 
unsubstituted alkyl), —O(substituted or unsubsti 
tuted alkenyl), —NRcC(O)O(substituted or unsub 
stituted alkyl), —NRCC(O) (substituted or unsubsti 
tuted alkyl), —NRc(O)(substituted or unsubstituted 
alkenyl), —C(O)NRC(substituted or unsubstituted 
alkyl), —C(O)NRc(substituted or unsubstituted alk 
enyl), —NO2, —S(=O)RC, —SRC, C(O)2Rc, or 
—C(O)Rc; and 

[0042] each R2 is independently H or substituted or 
unsubstituted alkyl. 

[0043] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(V) 

[0044] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 
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(VI) 
R1 

R3 
R1 K 

/ R3. 

[0045] 
[0046] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

Wherein Z1 is O or S; and Z2 is CR3 or N. 

(v11) 

R1 

[0047] Wherein: 

[0048] each R1 is independently H, halogen, substi 
tuted or unsubstituted alkyl, —O(substituted or 
unsubstituted alkyl), —O(substituted or unsubsti 
tuted alkenyl), —NRcC(O)O(substituted or unsub 
stituted alkyl), —NRCC(O) (substituted or unsubsti 
tuted alkyl), —NRcC(O)(substituted or unsubstituted 
alkenyl), —C(O)NRC(substituted or unsubstituted 
alkyl), —C(O)NRC(substituted or unsubstituted alk 
enyl), —NO2, —S(=O)Rc, —SRC, C(O)2Rc, or 
—C(O)Rc; and 

[0049] each R2 is independently H or substituted or 
unsubstituted alkyl, or tWo R2 groups are linked 
together to form an optionally substituted alkylene. 

[0050] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(VIII) 

R1 

O 

[0051] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 
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(IX) 
R1 

[0052] wherein: 
[0053] L is a linker selected from the group consist 

ing of a covalent bond, substituted or unsubstituted 
alkenylene, substituted or unsubstituted alkylene, 
—C(O)NH—, _c(o)_, —NH—, —0—, _s_, 
—O(substituted or unsubstituted alkylene)-, 
—N(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkenylene) 
—NHC(O)(substituted or unsubstituted alkylene)-, 
—NHC(O)(substituted or unsubstituted alk 
enylene)-, —C(O)(substituted or unsubstituted alk 
enylene)-, and —NHC(O)(substituted or unsubsti 
tuted alkylene)S(substituted or unsubstituted 
alkylene)C(O)NH—; and 

[0054] T is a mono-, bi-, or tricyclic, substituted or 
unsubstituted cycloalkyl, heterocyclyl, aryl, or het 
eroaryl. 

[0055] In some embodiments, T is 

[0056] Wherein A is a substituted or unsubstituted ?ve or 
siX-membered heterocyclyl, aryl, or heteroaryl; and B is a 
substituted or unsubstituted ?ve or siX-membered heterocy 
clene, arylene, or heteroarylene, Wherein A and B together 
form a fused tWo ring moiety. 

[0057] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(XI) 

K 
@ \/O 

N 

[0058] In some embodiments, L of said compound is a 
covalent bond, —C(O)NH(substituted or unsubstituted 
alkylene), —NHC(O)—, —NHC(O)(substituted or unsub 
stituted alkylene)-, —NH—, or —O(substituted or unsub 
stituted alkylene)-. 
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[0059] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(XII) 

O O 

K \N/ 

[0060] In some embodiments, B of said compound is a 
substituted or unsubstituted ?ve-membered heteroarylene. 
In other embodiments, said ?ve-membered heteroarylene is 
substituted or unsubstituted thiophenylene. In still other 
embodiments, B is substituted or unsubstituted imida 
Zolylene. In yet other embodiments, B is substituted or 
unsubstituted pyrrolylene. And in still other emboiments, B 
of said compound is a substituted or unsubstituted 6-mem 
bered arylene or heteroarylene. In some embodiments, B is 
substituted or unsubstituted phenylene. In other emboid 
ments, B is substituted or unsubstituted pyridinylene or 
pyridaZine. 

[0061] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(XIII) 

H 
N 

K 

[0062] In some embodiments, B of said compound is a 
substituted or unsubstituted siX-membered heteroarylene. In 
some embodiments, said siX-membered heteroarylene is 
substituted or unsubstituted pyrimidinylene. In still other 
embodiments, L of said compound —OCH2—. 

[0063] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 
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[0064] wherein: 

[0065] L is a linker selected from the group consist 

ing of a covalent bond, substituted or unsubstituted 

alkenylene, substituted or unsubstituted alkylene, 

—C(O)NH—, _c(o)_, —NH—, —0—, _s_, 
—O(substituted or 
—N(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkenylene) 
—NHC(O)(substituted or unsubstituted alkylene)-, 
—NHC(O)(substituted or unsubstituted alk 
enylene)-, —C(O)(substituted or unsubstituted alk 
enylene)-, and —NHC(O)(substituted or unsubsti 
tuted alkylene)S(substituted or 

alkylene)C(O)NH—; and 

unsubstituted alkylene)-, 

unsubstituted 

[0066] each of X1 —X5 is independently C, CR, N, NR, 
S, or O, Wherein no more than three of Xl-X5 is a 

heteroatorn, and no tWo adjacent ring atoms are O or 

S; Where each R is independently H, halogen, sub 
stituted or unsubstituted alkyl, —OH, substituted or 

unsubstituted alkoXy, —OC(O)Rd, —NO2, 
—N(Rd)2, —SRd, —S(O)]-Rd Where j is 1 or 2, 
—NRdqoRd, —c(O)2Rd, —C(O)N(Rd)2 or 
—C(O)Rd, or tWo adjacent R’s are taken together to 
form a substituted or unsubstituted aryl or hetroaryl, 

Where each Rd is independently H, substituted or 
unsubstituted alkyl, substituted or unsubstituted 

cycloalkyl, substituted or unsubstituted aryl or sub 

stituted or unsubstituted heteroaryl. 

[0067] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 

compound having the structure: 

[0068] In some embodiments, L of said compound is a 
covalent bond, —C(O)NH—, or —O(substituted or unsub 
stituted alkylene)-. In other embodiments, 
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[0069] of said compound is selected from the group con 
sisting of: 

[0070] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR rnodulating 
compound having the structure: 

(XVI) 

1 

[0071] Wherein: 
[0072] L is a linker selected from the group consist 

ing of a covalent bond, substituted or unsubstituted 
alkenylene, substituted or unsubstituted alkylene, 
—C(O)NH—, _c(o)_, —NH—, —0—, _s_, 
—O(substituted or unsubstituted alkylene)-, 
—N(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkenylene) 
—NHC(O)(substituted or unsubstituted alkylene)-, 
—NHC(O)(substituted or unsubstituted alk 
enylene)-, —C(O)(substituted or unsubstituted alk 
enylene)-, and —NHC(O)(substituted or unsubsti 
tuted alkylene)S(substituted or unsubstituted 
alkylene)C(O)NH—; and 

[0073] each of Xl-X5 is independently C, CR, N—O, 
or N, Wherein no more than tWo of X1 —X5 is N, Where 
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[0074] each R is independently H, halogen, substi 
tuted or unsubstituted alkyl, —OH, substituted or 

unsubstituted alkoXy, —OC(O)Rd, —NO2, 
—N(Rd)2, —SRd, —S(O)J-Rd Where j is 1 or 2, 
—NRdqoRd, —c(O)2Rd, —C(O)N(Rd)2 or 
—C(O)Rd, or tWo adjacent R’s are taken together to 
form a substituted or unsubstituted aryl or hetroaryl, 

Where 

[0075] each Rd is independently H, substituted or 
unsubstituted alkyl, substituted or unsubstituted 

cycloalkyl, substituted or unsubstituted aryl or sub 

stituted or unsubstituted heteroaryl. 

[0076] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

(XvII) 

O 

K \N/ 

[0077] 
the group consisting of a covalent bond, —(substituted or 

unsubstituted alkylene)-, —NHC(O)—, —C(O)NH(substi 
tuted or unsubstituted alkylene)-, —NHC(O)(substituted or 

unsubstituted alkylene)-, —C(O)NH(substituted or unsub 
stituted alkenylene)-, —NHC(O)(substituted or unsubsti 
tuted alkenylene)-, and —O(substituted or unsubstituted 
alkylene)-, 

In some embodiments, L is a linker selected from 

[0078] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

(XvIII) 
R 

R L 
/ 

o 
N \ / 

R K N 

R 

[0079] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 
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(XIX) 

R 

/ I L / 

\ N \ /O 
K N 

R 

[0080] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

(XX) 

R L 

[0081] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

R 

R L 
/ 

/O \ 

R N R K/N 

[0082] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

(XXI) 

(XXII) 

[0083] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 
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(XXIII) 

L 71971 /\ \O 

[0084] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(XXIv) 

[0085] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

R 

R R 

R R 

L 

[ 1 \ 
K 

(XXV) 

/ 
O 
/ 
N 

[0086] In some embodiments, L of said compound is 
—OCH2— or —OCH2CHCH—. In other embodiments, L 
of said compound is —NHC(O)—. In still other embodi 
ments, L of said compound is a covalent bond, substituted or 
unsubstituted alkylene, —NHC(O)(substituted or unsubsti 
tuted alkylene)-, —C(O)NH(substituted or unsubstituted 
alkylene), —C(O)NH(substituted or unsubstituted alk 
enylene), or —NHC(O)(substituted or unsubstituted alk 
enylene)-. 

[0087] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 
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(XXvI) 
X 

(or R1 X4\ )\ R1R3 R3 
X5 L / \ 

Z2 
R1 K 1,’ 

[0088] Wherein: 
[0089] L is a linker selected from the group consist 

ing of a covalent bond, substituted or unsubstituted 
alkenylene, substituted or unsubstituted alkylene, 
—C(O)NH—, —C(O)—, —NH—, —O—, —S—, 
—O(substituted or unsubstituted alkylene)-, 
—N(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkylene)-, 
—C(O)NH(substituted or unsubstituted alkenylene) 
—NHC(O)(substituted or unsubstituted alkylene)-, 
—NHC(O)(substituted or unsubstituted alk 
enylene)-, —C(O)(substituted or unsubstituted alk 
enylene)-, and —NHC(O)(substituted or unsubsti 
tuted alkylene)S(substituted or unsubstituted 
alkylene)C(O)NH—; and 

[0090] each of Xl-X5 is independently C, CR, NR, O, 
S, or N, Wherein no more than tWo of Xl-X5 is a 
hetroatom, and no tWo adjacent ring atoms are O or 
S, Where 

[0091] each R is independently H, halogen, substi 
tuted or unsubstituted alkyl, —OH, substituted or 
unsubstituted alkoXy, —OC(O)Rd, —NO2, 
—N(Rd)2, —SRd, —S(O)]-Rd Where j is 1 or 2, 
—NRdqoRd, —c(O)2Rd, —C(O)N(Rd)2 or 
—C(O)Rd, or tWo adjacent R’s are taken together to 
form a substituted or unsubstituted aryl or hetroaryl, 
Where each Rd is independently H, substituted or 
unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted aryl or sub 
stituted or unsubstituted heteroaryl. 

[0092] Z1 is O or S; and 

[0093] Z2 is CR3 or N. 
[0094] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(XXvII) 
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[0095] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

(XXVIII) 

R1 
R R 

\ /Z2 
R1 K Z1 

R1 

[0096] Wherein: 

[0097] 
selected from the group consisting of a covalent 

each of L and L1 is independently a linker 

bond, substituted or unsubstituted alkenylene, sub 

stituted or unsubstituted alkylene, —C(O)NH—, 

—C(O)—, —NH—, —O—, —S—, —O(substituted 
or unsubstituted alkylene)-, —N(substituted or 

unsubstituted alkylene)-, —C(O)NH(substituted or 
unsubstituted alkylene), —C(O)NH(substituted or 
unsubstituted alkenylene)- —NHC(O)(substituted or 
unsubstituted alkylene)-, —NHC(O)(substituted or 
unsubstituted alkenylene)-, —C(O)(substituted or 
unsubstituted alkenylene)-, and —NHC(O)(substi 
tuted or unsubstituted alkylene)S(substituted or 

unsubstituted alkylene)C(O)NH—; 

[0098] U is a substituted or unsubstituted cycloalkyl, 

heterocycloalkyl, aryl, or heteroaryl; and 

[0099] V is a substituted or unsubstituted cycloalky 

lene, heterocyclene, arylene, or heteroarylene. 

[0100] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 

(XXIX) 

QYULQK. 
[0101] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 

compound having the structure: 
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[0102] Provided herein are compositions and methods for 
treating a disease comprising administering to a subject in 
need thereof an effective amount of a PDGFR modulating 
compound having the structure: 

(XXX) 

(XXXI) 

[0103] Wherein: 
[0104] each of X1 —X5 is independently C, CR, N, NR, 

S, or O, Wherein no more than three of Xl-X5 is a 
heteroatom, and no tWo adjacent ring atoms are S or 
O; and 

[0105] each R is independently H, halogen, substi 
tuted or unsubstituted alkyl, —OH, substituted or 
unsubstituted alkoXy, —OC(O)Rd, —NO2, 
—N(Rd)2, —SRd, —S(O)J-Rd Where j is 1 or 2, 
—NRdqoRd, —c(O)2Rd, —C(O)N(Rd)2 or 
—C(O)Rd, or tWo adjacent R’s are taken together to 
form a substituted or unsubstituted aryl or hetroaryl, 
Where each Rd is independently H, substituted or 
unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted aryl or sub 
stituted or unsubstituted heteroaryl. 

[0106] In some embodiments, V is a ?ve-membered 
hetroarylene group. In other embodiments, U is a substituted 
or unsubstituted ?ve-membered heteroaryl, substituted or 

unsubstituted phenyl, or substituted or unsubstituted siX 
membered heteroaryl. 

[0107] In some embodiments, the protein tyrosine kinase 
is selected from the platelet derived groWth factor receptor 
(PDGFR) subfamily, Which includes PDGFR 0t, PDGFR [3, 
CSFIR, c-kit and c-fms. In another embodiment, the protein 
tyrosine kinase is the vascular endothelial groWth factor 
(“VEGF”) receptor subgroup. 
[0108] The compounds and compositions disclosed herein 
may be used for the prevention or treatment of cancers such 
as stomach, gastric, bone, ovary, colon, lung, brain, larynX, 
lymphatic system, genitourinary tract, ovarian, squamous 
cell carcinoma, astrocytoma, Kaposi’s sarcoma, glioblas 
toma, lung cancer, bladder cancer, head and neck cancer, 
melanoma, ovarian cancer, prostate cancer, breast cancer, 
small-cell lung cancer, leukemia, glioma, colorectal cancer, 
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genitourinary cancer gastrointestinal cancer, or pancreatic 
cancer. In particular, the cancer is acute myelogenous leu 
kemia (AML), B-precursor cell acute lymphoblastic leuke 
mias, myelodysplastic leukemias, T-cell acute lymphoblastic 
leukemias, and chronic myelogenous leukemias (CMLs). 

[0109] Compositions and methods for treating a disease 
comprising administering to a subject in need thereof an 
effective amount of a Platelet-Derived GroWth Factor 
(PDGF) receptor modulating compound are provided herein. 
In one embodiment, the disease is cancer. In other embodi 
ments, the cancer is a malignant tumor, or a hematologic 
malignancy such as leukemia and lymphoma. In some 
embodiments, the leukemia is acute lymphoblastic leukemia 
(ALL). In some embodiments, the lymphoma is T-cell 
lymphoma. In some embodiments, the malignant tumor is 
melanoma, or glioblastoma. In a further embodiment, the 
disease is a nonmalignant proliferation disease. In some 
embodiments, the nonmalignant proliferation disease is ath 
erosclerosis, or restenosis. In a still further embodiment, the 
disease is a ?broproliferative disorder. In some embodi 
ments, the ?broproliferative disorder is obliterative bronchi 
olitis. 

[0110] These and other aspects of the present invention 
Will become evident upon reference to the folloWing detailed 
description. In addition, various references are set forth 
herein Which describe in more detail certain procedures or 
compositions, and are incorporated by reference in their 
entirety. 

DISCLOSURE OF THE INVENTION 

[0111] To more readily facilitate an understanding of the 
invention and its preferred embodiments, the meanings of 
terms used herein Will become apparent from the context of 
this speci?cation in vieW of common usage of various terms 
and the explicit de?nitions of other terms provided in the 
glossary beloW or in the ensuing description. 

[0112] Glossary of Terms 

[0113] Unless otherWise stated, the folloWing terms used 
in this application, including the speci?cation and claims, 
have the de?nitions given beloW. It must be noted that, as 
used in the speci?cation and the appended claims, the 
singular forms “a,”“an” and “the” include plural referents 
unless the context clearly dictates otherWise. De?nition of 
standard chemistry terms may be found in reference Works, 
including Carey and Sundberg (1992) “ADVANCED 
ORGANIC CHEMISTRY 3RD ED.” Vols. A and B, Plenum 
Press, NeW York. Unless otherWise indicated, conventional 
methods of mass spectroscopy, NMR, HPLC, protein chem 
istry, biochemistry, recombinant DNA techniques and phar 
macology, Within the skill of the art are employed. 

[0114] The term “modulator” means a molecule that inter 
acts With a target either directly or indirectly. The interac 
tions include, but are not limited to, agonist, antagonist, and 
the like. 

[0115] The term “agonist” means a molecule such as a 
compound, a drug, an enZyme activator or a hormone that 
enhances the activity of another molecule or the activity of 
a receptor site etiehr directly or indirectly. 

[0116] The term “antagonist” means a molecule such as a 
compound, a drug, an enZyme inhibitor, or a hormone, that 
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diminishes or prevents the action of another molecule or the 
activity of a receptor site either directly or indirectly. 

[0117] The terms “effective amount” or “therapeutically 
effective amount” refer to a suf?cient amount of the agent to 
provide the desired biological result. That result can be 
reduction and/or alleviation of the signs, symptoms, or 
causes of a disease, or any other desired alteration of a 
biological system. For example, an “effective amount” for 
therapeutic use is the amount of the composition comprising 
a compound as disclosed herein required to provide a 
clinically signi?cant decrease in a disease. An appropriate 
“effective” amount in any individual case may be deter 
mined by one of ordinary skill in the art using routine 
experimentation. 
[0118] As used herein, the terms “treat” or “treatment” are 
synonymous With the term “prevent” and are meant to 
indicate a postponement of development of diseases, pre 
venting the development of diseases, and/or reducing sever 
ity of such symptoms that Will or are expected to develop. 
Thus, these terms include ameliorating existing disease 
symptoms, preventing additional symptoms, ameliorating or 
preventing the underlying metabolic causes of symptoms, 
inhibiting the disorder or disease, e.g., arresting the devel 
opment of the disorder or disease, relieving the disorder or 
disease, causing regression of the disorder or disease, reliev 
ing a condition caused by the disease or disorder, or stopping 
the symptoms of the disease or disorder. 

[0119] By “pharmaceutically acceptable” or “pharmaco 
logically acceptable” is meant a material Which is not 
biologically or otherWise undesirable, i.e., the material may 
be administered to an individual Without causing any unde 
sirable biological effects or interacting in a deleterious 
manner With any of the components of the composition in 
Which it is contained. 

[0120] “Carrier materials” include any commonly used 
excipients in pharmaceutics and should be selected on the 
basis of compatibility and the release pro?le properties of 
the desired dosage form. Exemplary carrier materials 
include, e.g., binders, suspending agents, disintegration 
agents, ?lling agents, surfactants, solubiliZers, stabiliZers, 
lubricants, Wetting agents, diluents, and the like. “Pharma 
ceutically compatible carrier materials” may comprise, e.g., 
acacia, gelatin, colloidal silicon dioxide, calcium glycero 
phosphate, calcium lactate, maltodextrin, glycerine, magne 
sium silicate, sodium caseinate, soy lecithin, sodium chlo 
ride, tricalcium phosphate, dipotassium phosphate, sodium 
stearoyl lactylate, carrageenan, monoglyceride, diglyceride, 
pregelatiniZed starch, and the like. See, e.g.,Remington: The 
Science and Practice of Pharmacy, Nineteenth Ed (Easton, 
Pa.: Mack Publishing Company, 1995); Hoover, John E., 
Remington’s Pharmaceutical Sciences, Mack Publishing 
Co., Easton, Pa. 1975; Liberman, H. A. and Lachman, L., 
Eds., Pharmaceutical Dosage Forms, Marcel Decker, NeW 
York, NY, 1980; and Pharmaceutical Dosage Forms and 
Drug Delivery Systems, Seventh Ed. (Lippincott Williams & 
Wilkins 1999). 

[0121] As used herein, the term “subject” encompasses 
mammals and non-mammals. Examples of mammals 
include, but are not limited to, any member of the Mamma 
lian class: humans, non-human primates such as chimpan 
Zees, and other apes and monkey species; farm animals such 
as cattle, horses, sheep, goats, sWine; domestic animals such 
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as rabbits, dogs, and cats; laboratory animals including 
rodents, such as rats, mice and guinea pigs, and the like. 
Examples of non-mammals include, but are not limited to, 
birds, ?sh and the like. In one embodiment of the present 
invention, the mammal is a human. 

[0122] The term “pharmaceutically acceptable salt” of a 
compound means a salt that is pharmaceutically acceptable 
and that possesses the desired pharmacological activity of 
the parent compound. Such salts, for example, include: (1) 
acid addition salts, formed With inorganic acids such as 
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 
acid, phosphoric acid, and the like; or formed With organic 
acids such as acetic acid, propionic acid, hexanoic acid, 
cyclopentanepropionic acid, glycolic acid, pyruvic acid, 
lactic acid, malonic acid, succinic acid, malic acid, maleic 
acid, fumaric acid, tartaric acid, citric acid, benZoic acid, 
3—(4-hydroxybenZoyl)benZoic acid, cinnamic acid, mandelic 
acid, methanesulfonic acid, ethanesulfonic acid, 1,2 
ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benZe 
nesulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicy 
clo-[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid, 
4,4,-methylenebis-(3-hydroxy-2-ene—1-carboxylic acid), 
3-phenylpropionic acid, trimethylacetic acid, tertiary buty 
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic 
acid, hydroxynaphthoic acid, salicylic acid, stearic acid, 
muconic acid, and the like; (2) salts formed When an acidic 
proton present in the parent compound either is replaced by 
a metal ion, e.g., an alkali metal ion, an alkaline earth ion, 
or an aluminum ion; or coordinates With an organic base. 
Acceptable organic bases include ethanolamine, diethano 
lamine, triethanolamine, tromethamine, N-methylglucam 
ine, and the like. Acceptable inorganic bases include alumi 
num hydroxide, calcium hydroxide, potassium hydroxide, 
sodium carbonate, sodium hydroxide, and the like. It should 
be understood that a reference to a pharmaceutically accept 
able salt includes the solvent addition forms or crystal forms 
thereof, particularly solvates or polymorphs. Solvates con 
tain either stoichiometric or non-stoichiometric amounts of 
a solvent, and are often formed during the process of 
crystalliZation. Hydrates are formed When the solvent is 
Water, or alcoholates are formed When the solvent is alcohol. 
Polymorphs include the different crystal packing arrange 
ments of the same elemental composition of a compound. 
Polymorphs usually have different X-ray diffraction pat 
terns, infrared spectra, melting points, density, hardness, 
crystal shape, optical and electrical properties, stability, and 
solubility. Various factors such as the recrystalliZation sol 
vent, rate of crystalliZation, and storage temperature may 
cause a single crystal form to dominate. 

[0123] As used herein, the term “biological sample” is 
broadly de?ned to include any cell, tissue, organ or multi 
cellular organism. A biological sample can be derived, for 
example, from cell or tissue cultures in vitro. Alternatively, 
a biological sample can be derived from a living organism 
or from a population of single cell organisms. 

[0124] As used herein, the term “linker” means any diva 
lent linking moiety used to connect, join, or attach tWo 
chemical groups. For example, linkers may be used to join 
tWo cyclic groups, such as to join tWo aryl groups (e.g., 
phenyl), an aryl group to a cycloalkyl group, an aryl group 
to a heterocyclyl group, a cycloalkyl group to a cycloalkyl 
group, a cycloalkyl group to a heterocyclyl group, and the 
like. Representative linkers include, but are not limited to, a 
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covalent bond, —(substituted or unsubstituted alkylene)-, 
—(substituted or unsubstituted alkenylene)-, —(substituted or 
unsubstituted alkynylene)-, —(substituted or unsubstituted 
cycloalkylene)-, —(substituted or unsubstituted heterocy 
clylene)-, —(substituted or unsubstituted arylene)-, and —(sub 
stituted or unsubstituted heteroarylene)-. Exemplary linkers 
also include —O—, —S—, —S(O)—, —S(O)2—, 
—S(O)3—, —C(O)—, —NH—, —N=, —N=N—, 
=N—N=, —C(O)NH—, —S(O)NH—, and the like. Addi 
tional examples of linkers include —O(substituted or unsub 
stituted alkylene)-, —N(substituted or unsubstituted alky 
lene)-, —NHC(O)(substituted or unsubstituted alkylene)-, 
—C(O)(substituted or unsubstituted alkenylene)-, —NH 
C(O)(substituted or unsubstituted alkylene)S(substituted or 
unsubstituted alkylene)C(O)NH—, —NHC(O)(substituted 
or unsubstituted alkenylene)-, and the like. Linkers, as 
represented herein, embrace divalent moieties in any chemi 
cally feasible directionality. For example, compounds com 
prising a linker-C(O)NH— Which attaches tWo aryl groups, 
Ar1 to Ar2, include Ar1—C(O)NH—Ar2 as Well as Ar1— 
NHC(O)—Ar2. 
[0125] As used herein, the term “halogen” includes ?uo 
rine, chlorine, bromine, and iodine. 
[0126] As used herein, “alkyl” means a straight chain or 
branched, saturated or unsaturated chain having from 1 to 10 
carbon atoms. Representative saturated alkyl groups 
include, but are not limited to, methyl, ethyl, n-propyl, 
isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-methyl 
l-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl 
1-propyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl, 4-methyl 
1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl 
2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 
2-ethyl-1-butyl, butyl, isobutyl, t-butyl, n-pentyl, isopentyl, 
neopentyl, and n-hexyl, and longer alkyl groups, such as 
heptyl, and octyl. An alkyl group can be unsubstituted or 
substituted. Unsaturated alkyl groups include alkenyl groups 
and alkynyl groups, discussed beloW. Alkyl groups contain 
ing three or more carbon atoms may be straight, branched or 
cycliZed. 
[0127] As used herein, “loWer alkyl” means an alkyl 
having from 1 to 5 carbon atoms. 

[0128] As used herein, an “alkenyl group” includes a 
monovalent unbranched or branched hydrocarbon chain 
having one or more double bonds therein. The double bond 
of an alkenyl group can be unconjugated or conjugated to 
another unsaturated group. Suitable alkenyl groups include, 
but are not limited to, (C2-C8) alkenyl groups, such as vinyl, 
allyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, 
hexadienyl, 2-ethylhexenyl, 2-propyl-2-butenyl, 4-(2-me 
thyl-3-butene)-pentenyl. An alkenyl group can be unsubsti 
tuted or substituted. 

[0129] As used herein, “alkynyl group” includes a 
monovalent unbranched or branched hydrocarbon chain 
having one or more triple bonds therein. The triple bond of 
an alkynyl group can be unconjugated or conjugated to 
another unsaturated group. Suitable alkynyl groups include, 
but are not limited to, (C2-C6) alkynyl groups, such as 
ethynyl, propynyl, butynyl, pentynyl, hexynyl, methylpro 
pynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl, and 4-bu 
tyl-2-hexynyl. An alkynyl group can be unsubstituted or 
substituted. 

[0130] The terms “tri?uoromethyl,”“sulfonyl,” and “car 
boxyl” include CF3, SO3H, and COZH, respectively. 
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[0131] The term “alkoXy” as used herein includes —O 
(alkyl), Wherein alkyl is de?ned above. 

[0132] As used herein, “alkoXyalkoXy” includes —O 
(alkyl)-O-(alkyl), Wherein each “alkyl” is independently an 
alkyl group de?ned above. 

[0133] As used herein, “alkoXycarbonyl” includes 
C(O)O-(alkyl), Wherein alkyl is de?ned above. 

[0134] As used herein, “alkoxycarbonylalkyl” includes 
-(alkyl)-C(O)O-(alkyl), Wherein alkyl is de?ned above. 

[0135] As used herein, “alkoxyalkyl” rneans -(alkyl)-O 
(alkyl), Wherein each “alkyl” is independently an alkyl 
group de?ned above. 

[0136] As used herein, the term “aryl” refers to a 
rnonocyclic, or fused or spiro polycyclic, aromatic car 
bocycle (ring structure having ring atoms that are all carbon) 
having from 3 to 12 ring atoms per ring. Illustrative 
examples of aryl groups include the folloWing rnoieties: 

o o3 
cod (9:, 

[0137] As used herein, the term “heteroaryl” (heteroAr) 
refers to a rnonocyclic, or fused or spiro polycyclic, aromatic 
heterocycle (ring structure having ring atorns selected from 
carbon atoms as Well as nitrogen, oXygen, and sulfur het 

eroatorns) having from 3 to 12 ring atoms per ring. Illus 
trative examples of aryl groups include the folloWing rnoi 
eties: 

NAN NAN©iI> I ,1, lV/J. /. 

@CQm, 

Aug. 4, 2005 

-continued 

o | /N/ / NW N a 

and the like. 

[0138] As used herein, the term “cycloalkyl” refers to a 
saturated or partially saturated, rnonocyclic or fused or spiro 
polycyclic, carbocycle having from 3 to 12 ring atoms per 
ring. Illustrative examples of cycloalkyl groups include the 
folloWing rnoieties: 

, and the like. 

[0139] As used herein, the term “heterocycloalkyl” refers 
to a rnonocyclic, or fused or spiro polycyclic, ring structure 
that is saturated or partially saturated and has from 3 to 12 
ring atoms per ring selected from C atoms and N, O, and S 
heteroatorns. Illustrative examples of heterocycloalkyl 
groups include: 
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[0140] As used herein, “aryloxy” includes —O-aryl 
group, wherein aryl is as de?ned above. An aryloxy group 
can be unsubstituted or substituted. 

[0141] As used herein, “arylalkyl” includes -(alkyl)-(aryl), 
Wherein alkyl and aryl are de?ned above. 

[0142] As used herein, “arylalkyloxy” includes 
—O-(alkyl)-(aryl), Wherein alkyl and aryl are de?ned above. 

[0143] As used herein, “cycloalkyl” includes a monocy 
clic or polycyclic saturated ring comprising carbon and 
hydrogen atoms and having no carbon-carbon multiple 
bonds. Examples of cycloalkyl groups include, but are not 
limited to, (C3-C7)cycloalkyl groups, such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl, and 
saturated cyclic and bicyclic terpenes. A cycloalkyl group 
can be unsubstituted or substituted. Preferably, the 
cycloalkyl group is a monocyclic ring or bicyclic ring. 

[0144] As used herein, “cycloalkyloxy” includes —O 
(cycloalkyl), Wherein cycloalkyl is de?ned above. 

[0145] As used herein, “cycloalkylalkyloxy” includes 
—O-(alkyl)-(cycloalkyl), Wherein cycloalkyl and alkyl are 
de?ned above. 

[0146] As used herein, the term “alkylidene” includes the 
divalent radical —CnH2n—, Wherein n is an integer from 1 
to 8, such as —CH2—, —CH2CH2—, —CH2—CH2— 
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CH2—, —CH2CH2CH2CH2—, —CH2CH2CH2CH2CH2—, 
and the like, unsubstituted or substituted With one or more 

alkyl groups. 

[0147] As used herein, “heteroatom-containing alky 
lidene” includes an alkylidene Wherein at least one carbon 
atom is replaced by a heteroatom selected from nitrogen, 
oxygen, or sulfur, such as —CH2CH2OCH2CH2—, and the 
like, unsubstituted or substituted With one or more alkyl 
groups. 

[0148] As used herein, “aminoalkoxy” 
—O-(alkyl)-NH2, Wherein alkyl is de?ned above. 

includes 

[0149] As used herein, “mono-alkylamino” includes 
—NH(alkyl), Wherein alkyl is de?ned above. 

[0150] As used herein, “di-alkylamino” includes 
—N(alkyl)(alkyl), Wherein each “alkyl” is independently an 
alkyl group de?ned above. 

[0151] As used herein, “mono-alkylaminoalkoxy” 
includes —O-(alkyl)-NH(alkyl), Wherein each “alkyl” is 
independently an alkyl group de?ned above. 

[0152] As used herein, “di-alkylaminoalkoxy” includes 
—O-(alkyl)N(alkyl)(alkyl), Wherein each “alkyl” is inde 
pendently an alkyl group de?ned above. 

[0153] As used herein, “arylamino” includes —NH(aryl), 
Wherein aryl is de?ned above. 

[0154] As used herein, “arylalkylamino” includes —NH 
(alkyl)-(aryl), Wherein alkyl and aryl are de?ned above. 

[0155] As used herein, “alkylamino” includes 
—NH(alkyl), Wherein alkyl is de?ned above. 

[0156] As used herein, “cycloalkylamino” includes 
—NH-(cycloalkyl), Wherein cyclohexyl is de?ned above. 

[0157] As used herein, “cycloalkylalkylamino” includes 
—NH-(alkyl)-(cycloalkyl), Wherein alkyl and cycloalkyl are 
de?ned above. 

[0158] As used herein, “aminoalkyl” includes -(alkyl) 
NH2, Wherein alkyl is de?ned above. 

[0159] As used herein, “mono-alkylaminoalkyl” includes 
-(alkyl)-NH(alkyl),Wherein each “alkyl” is independently an 
alkyl group de?ned above. 

[0160] As used herein, “di-alkylaminoalkyl” include 
-(alkyl)-N(alkyl)(alkyl), Wherein each “alkyl” is indepen 
dently an alkyl group de?ned above. 

[0161] The term “Whole integer” is intended to include 
Whole numbers. For example, a Whole integer from 0 to 4 
Would include 0, 1, 2, 3, and 4. 

[0162] Sulfonyl refers to the presence of a sulfur atom, 
Which is optionally linked to another moiety such as an 
aliphatic group, an aromatic group, an aryl group, an alicy 
clic group, or a heterocyclic group. Aryl or alkyl sulfonyl 
moieties have the formula —SOZRd, and alkoxy moieties 
have the formula —O—Rd, Wherein Rd is alkyl, as de?ned 
above, or is aryl Wherein aryl is phenyl, optionally substi 
tuted With 1-3 substituents independently selected from halo 
(?uoro, chloro, bromo or iodo), loWer alkyl (1-6C) and 
loWer alkoxy (1-6C). 
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[0163] As used herein, the term “substituted” means that 
the speci?ed group or moiety bears one or more suitable 
substituents. 

[0164] As used herein, the term “unsubstituted” means 
that the speci?ed group bears no substituents. 

[0165] As used herein, the term “optionally substituted” 
means that the speci?ed group is unsubstituted or substituted 
by one or more substituents. 

[0166] Molecular embodiments of the present invention 
may possess one or more chiral centers and each center may 
exist in the R or S con?guration. The present invention 
includes all diastereomeric, enantiomeric, and epimeric 
forms as Well as the appropriate mixtures thereof. Stereoi 
somers may be obtained, if desired, by methods knoWn in 
the art as, for example, the separation of stereoisomers by 
chiral chromatographic columns. Additionally, the com 
pounds of the present invention may exist as geometric 
isomers. The present invention includes all cis, trans, syn, 
anti, entgegen (E), and Zusammen (Z) isomers as Well as the 
appropriate mixtures thereof. 

[0167] Certain functional groups contained Within the 
compounds of the present invention can be substituted for 
bioisosteric groups, that is, groups Which have similar 
spatial or electronic requirements to the parent group, but 
exhibit differing or improved physicochemical or other 
properties. Suitable examples are Well knoWn to those of 
skill in the art, and include, but are not limited to moieties 
described in Patini et al., Chem, Rev, 1996, 96, 3147-3176 
and references cited therein. 

[0168] In addition, the compounds of the present invention 
can exist in unsolvated as Well as solvated forms With 

pharmaceutically acceptable solvents such as Water, ethanol, 
and the like. In general, the solvated forms are considered 
equivalent to the unsolvated forms for the purposes of the 
present invention. 

[0169] To more readily facilitate an understanding of the 
invention and its preferred embodiments, the meanings of 
terms used herein Will become apparent from the context of 
this speci?cation in vieW of common usage of various terms 
and the explicit de?nitions of other terms provided in the 
glossary beloW or in the ensuing description. 

[0170] Compounds 
[0171] In one aspect, the present invention is directed to 
compounds, compositions, and methods for treating condi 
tions associated With abnormal kinase activity. In one 
embodiment, compounds useful in the invention are deriva 
tives of isoxaZoles, pyraZoles and isothiaZoles. When the 
compounds of the invention contain one or more chiral 
centers, the invention includes optically pure forms as Well 
as mixtures of stereoisomers or enantiomers. 

[0172] Thus, the invention provides methods for modu 
lating various kinases by providing an effective amount of a 
compound of the formulas described herein. 

[0173] Salts of the compounds may be used for therapeutic 
and prophylactic purposes, Where the salt is preferably a 
pharmaceutically acceptable salt. Examples of pharmaceu 
tically acceptable salts include those derived from mineral 
acids, such as hydrochloric, hydrobromic, phosphoric, meta 
phosphoric, nitric and sulphuric acids, and organic acids, 
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such as tartaric, acetic, tri?uoroacetic, citric, malic, lactic, 
fumaric, benZoic, glycolic, gluconic, succinic and methane 
sulphonic and arylsulphonic, for example Q-toluenesul 
phonic, acids. 

[0174] A“prodrug” refers to a drug or compound in Which 
the pharmacological action results from conversion by meta 
bolic processes Within the body. Prodrugs are generally drug 
precursors that, folloWing administration to a subject and 
subsequent absorption, are converted to an active, or a more 

active species via some process, such as conversion by a 
metabolic pathWay. Some prodrugs have a chemical group 
present on the prodrug that renders it less active and/or 
confers solubility or some other property to the drug. Once 
the chemical group has been cleaved and/or modi?ed from 
the prodrug the active drug is generated. Prodrugs may be 
designed as reversible drug derivatives, for use as modi?ers 
to enhance drug transport to site-speci?c tissues. Addition 
ally, prodrugs can increase the effective Water solubility of 
the therapeutic compound for targeting to regions Where 
Water is the principal solvent. See, e.g., Fedorak et al., Am. 
J. Physiol., 269:G210-218 (1995); McLoed et al., Gastro 
enterol, 106:405-413 (1994); Hochhaus et al., Biomed. 
Chrom., 6:283-286 (1992); J. Larsen and H. Bundgaard, Int. 
J. Pharmaceutics, 37, 87 (1987); J. Larsen et al., Int. J. 
Pharmaceutics, 47, 103 (1988); Sinkula et al., J. Pharm. Sci., 
64:181-210 (1975); T. Higuchi and V. Stella, Pro-drugs as 
Novel Delivery Systems, Vol. 14 of the ACS Symposium 
Series; and EdWard B. Roche, Bioreversible Carriers in 
Drug Design, American Pharmaceutical Association and 
Pergamon Press, 1987. Prodrug forms of the above 
described compounds, Wherein the prodrug is metaboliZed 
in vivo to produce a derivative as set forth above are 

included Within the scope of the claims. Indeed, some of the 
above-described derivatives may be a prodrug for another 
derivative or active compound. 

[0175] The invention further provides for the optical iso 
mers of the compounds disclosed herein, especially those 
resulting from the chiral carbon atoms in the molecule. In 
additional embodiments of the invention, mixtures of enan 
tiomers and/or diastereoisomers, resulting from a single 
preparative step, combination, or interconversion may also 
be useful for the applications described herein. 

[0176] In another aspect, compositions containing the 
above described analogs and derivatives are provided. Pref 
erably, the compositions are formulated to be suitable for 
pharmaceutical or clinical use by the inclusion of appropri 
ate carriers or excipients. 

[0177] Groups such as carbonyl, carboxyl, alkoxy, amino, 
and cyano groups, etc., as shoWn in the formula above, need 
not be directly bound to the para position; they may be 
included elseWhere in the alkyl, alkenyl or alkynyl substitu 
ent. Thus, also acceptable substituents are the folloWing 
representative forms: 



US 2005/0171172 A1 

HZC 
O O 

. H C ' ' 

HZCM , 2 < , O , 
CN 

[017 9] —CH2CH2CH2SH; —CH2OC(O)CH3; 
—CH2NHC(O)CH2C(O)CH3; —NHC(O)CH2CH2CH3 
each of Which may further be substituted With a cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl group. 

[0180] It Will also be evident that these substituents 
include, for example, tri?uoromethyl, di?uoromethyl and 
?uoromethyl (alkyl substituted by halo) and tri?uo 
romethoxy, di?uoromethoxy and ?uoromethoxy (alkyl 
Where one carbon is replaced by O and is further substituted 
by halo). 
[0181] Compounds of the invention Which contain car 
boxyl groups or Which contain amino groups may be sup 
plied in the forms of their pharmaceutically acceptable salts. 
Pharmaceutically acceptable salts of carboxylic acids 
include inorganic salts such as salts of sodium, potassium, 
calcium, magnesium and the like or salts formed With 
organic bases such as caffeine. Salts of amines are acid 
addition salts formed from inorganic acids such as hydro 
chloric, sulfuric, phosphoric acids or may be salts of organic 
acids such as acetates, maleates, propionates, and the like. 

[0182] The invention also provides prodrug forms of the 
compounds described herein, Wherein the prodrug is 
metaboliZed in vivo to produce a derivative as set forth 
above. Indeed, some of the above described derivatives may 
be a prodrug for another derivative or active compound. The 
invention further provides for the optical isomers of the 
compounds disclosed herein, especially those resulting from 
the chiral carbon atoms in the molecule. In additional 
embodiments of the invention, mixtures of enantiomers 
and/or diastereoisomers, resulting from a single preparative 
step, combination, or interconversion are provided. 

[0183] In another aspect of the invention, compositions 
containing the above described analogs and derivatives are 
provided. Preferably, the compositions are formulated to be 
suitable for pharmaceutical or clinical use by the inclusion 
of appropriate carriers or excipients. 

[0184] In yet another aspect of the invention, pharmaceu 
tical formulations are provided comprising at least one 
compound described above, or a pharmaceutically accept 
able salt or solvate thereof, together With one or more 
pharmaceutically acceptable carriers, diluents or excipients. 

[0185] The compounds of the invention, especially When 
used in the invention methods and compositions, may be 
“conjugated”—that is they may be coupled to additional 
moieties that do not destroy their ability to modulate kinases. 
For example, the compounds might be coupled to a label 
such as a radioactive label, a ?uorescent label and the like, 
or may be coupled to targeting agents such as antibodies or 
fragments, or to fragments to aid puri?cation such as FLAG 
or a histidine tag. The compounds may also be coupled to 
speci?c binding partners such as biotin for use in assay 
procedures or to moieties that alter their biological half-lives 
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such as polyethylene glycol. Thus, the methods of the 
invention employ the invention compounds per se as Well as 
conjugates thereof. 

[0186] Synthesis of Compounds 

[0187] Compounds of the present invention may be syn 
thesiZed using standard synthetic techniques knoWn to those 
of skill in the art or using methods knoWn in the art in 
combination With methods described herein. See, e.g., 
March, ADVANCED ORGANIC CHEMISTRY 4th Ed., 
(Wiley 1992); Carey and Sundberg, ADVANCED 
ORGANIC CHEMISTRY 3rd Ed., Vols. A and B (Plenum 
1992), and Green and Wuts, PROTECTIVE GROUPS IN 
ORGANIC SYNTHESIS 2nd Ed. (Wiley 1991). General 
methods for the preparation of compound as disclosed 
herein may be derived from knoWn reactions in the ?eld, and 
the reactions may be modi?ed by the use of appropriate 
reagents and conditions, as Would be recogniZed by the 
skilled person, for the introduction of the various moieties 
found in the formulae as provided herein. 

[0188] The compounds of the invention are synthesiZed by 
methods Well knoWn in the art. The compounds of the 
invention are ureas or cyclic forms thereof and can be 
synthesiZed using generally knoWn procedures for urea 
synthesis. 

[0189] In one group of methods, an amine is reacted With 
an isocyanate in an aprotic solvent. Typically, in some 
embodiments, a molar excess of the amine is used in the 
presence of an aprotic solvent and the reaction is conducted 
at room temperature. The reaction mixture is then poured 
into Water and precipitated With salt to recover the crude 
product Which is then puri?ed according to standard meth 
ods. 

[0190] In alternative methods, the ureas are formed from 
tWo separate amine reactants in the presence of a condensing 
agent such as 1,1,carbonyldiimidaZole (CDI) in the presence 
of an inert nonpolar solvent such as dichloromethane. One 
of the amines is ?rst added to a solution of CDI in solvent 
under cooling conditions and then stirred at room tempera 
ture With the other amine. After removal of solvent, the 
crude product can be puri?ed using standard procedures. 

[0191] In still another method, one of the amines is added 
in an aprotic solvent to a solution of triphosgene and then 
treated With the other amine reactant dissolved in an inert 
solvent in the presence of base such as triethylamine. After 
reaction at room temperature, the mixture may be diluted 
With, for example, ethylacetate and Washed With Water and 
brine, dried and puri?ed. 

[0192] In still another method, one of the amine compo 
nents is treated With 4-nitrophenylchloroformate in the pres 
ence of mild base in a solvent such as N-methylpyrrolidone 
(NMP). The other amine is then added and the reaction 
mixture heated, then cooled, poured into Water, extracted 
into chloroform and further puri?ed. 

[0193] Alternatively, the urea may be formed by the 
reaction of an amine With the counterpart halo acylamine 
Which is formed from the parent amine by treatment With 
phosgene and base in an inert solvent such as methylene 
dichloride or by reacting an amine With its counterpart 
amine With an acyl amine containing an alternate leaving 
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group formed by reaction of that amine With 4-nitrophenyl 
chloroformate in the presence of an amine base and in an 
inert solvent. 

[0194] Details of these methods can be found in Matsuno 
et al. J. Med. Chem. 45:3057-66 (2002); Matsuno et al. J. 
Med. Chem. 45:4513-23 (2002); and and Pandley et al., J. 
Med. Chem. 45:3772-93 (2002). 

[0195] CycliZed forms of the ureas may be obtained by 
treating the formed urea With dibromo derivatives of the 
bridge, typically in the presence of a strong base and in an 
inert aprotic polar solvent. 

[0196] The ureas may be converted to thioureas by treat 
ing With LaWesson’s reagent in the presence of toluene. 

[0197] For compounds having the moiety Ar1—L—Ar2 is 
obtained by ?rst protecting the amino group of p-hydroxy 
aniline destined to become Ar1 With a protecting agent such 
as Boc and then coupling the hydroxy group of Ar1 to an aryl 
alkyl halide. This coupling is conducted in the presence of 
strong base and in an aprotic solvent. After deprotection, the 
urea is formed by reaction With the isoxaZole isocyanate. 
These techniques are exempli?ed beloW. 

[0198] Selected examples of covalent linkages and pre 
cursor functional groups Which yield them are given in the 
Table entitled “Examples of Covalent Linkages and Precur 
sors Thereof.” Precursor functional groups are shoWn as 

electrophilic groups and nucleophilic groups. The functional 
group on the organic substance may be attached directly, or 
attached via any useful spacer or linker as de?ned beloW. 

TABLE 1 

Examples of Covalent Linkages and Precursors Thereof 

Covalent Linkage Product Electrophile Nucleophile 

Carboxamides Activated esters amines/anilines 
Carboxamides acyl azides amines/anilines 
Carboxamides acyl halides amines/anilines 

Esters acyl halides alcohols/phenols 
Esters acyl nitriles alcohols/phenols 

Carboxamides acyl nitriles amines/anilines 
Imines Aldehydes amines/anilines 

Hydrazones aldehydes or ketones Hydrazines 
Oximes aldehydes or ketones Hydroxylamines 

Alkyl amines alkyl halides amines/anilines 
Esters alkyl halides carboxylic acids 

Thioethers alkyl halides Thiols 
Ethers alkyl halides alcohols/phenols 

Thioethers alkyl sulfonates Thiols 
Esters alkyl sulfonates carboxylic acids 
Ethers alkyl sulfonates alcohols/phenols 
Esters Anhydrides alcohols/phenols 

Carboxamides Anhydrides amines/anilines 
Thiophenols aryl halides Thiols 
Aryl amines aryl halides Amines 
Thioethers Azindines Thiols 

Boronate esters Boronates Glycols 
Carboxamides carboxylic acids amines/anilines 

Esters carboxylic acids Alcohols 
hydrazines Hydrazides carboxylic acids 

N-acylureas or Anhydrides carbodiimides carboxylic acids 
Esters diazoalkanes carboxylic acids 

Thioethers Epoxides Thiols 
Thioethers haloacetamides Thiols 

Ammotriazines halotriazines amines/anilines 
Triazinyl ethers halotriazines alcohols/phenols 

Amidines imido esters amines/anilines 
Ureas Isocyanates amines/anilines 
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TABLE 1-continued 

Examples of Covalent Linkages and Precursors Thereof 

Covalent Linkage Product Electrophile Nucleophile 

Urethanes Isocyanates alcohols/phenols 
Thioureas isothiocyanates amines/anilines 
Thioethers Maleimides Thiols 

Phosphite esters phosphoramidites Alcohols 
Silyl ethers silyl halides Alcohols 
Alkyl amines sulfonate esters amines/anilines 
Thioethers sulfonate esters Thiols 

Esters sulfonate esters carboxylic acids 
Ethers sulfonate esters Alcohols 

Sulfonamides sulfonyl halides amines/anilines 
Sulfonate esters sulfonyl halides phenols/alcohols 

[0199] In general, carbon electrophiles are susceptible to 
attack by complementary nucleophiles, including carbon 
nucleophiles, Wherein an attacking nucleophile brings an 
electron pair to the carbon electrophile in order to form a 
neW bond betWeen the nucleophile and the carbon electro 
phile. 

[0200] Suitable carbon nucleophiles include, but are not 
limited to alkyl, alkenyl, aryl and alkynyl Grignard, orga 
nolithium, organoZinc, alkyl-, alkenyl, aryl- and alkynyl-tin 
reagents (organostannanes), alkyl-, alkenyl-, aryl- and alky 
nyl-borane reagents (organoboranes and organoboronates); 
these carbon nucleophiles have the advantage of being 
kinetically stable in Water or polar organic solvents. Other 
carbon nucleophiles include phosphorus ylids, enol and 
enolate reagents; these carbon nucleophiles have the advan 
tage of being relatively easy to generate from precursors 
Well knoWn to those skilled in the art of synthetic organic 
chemistry. Carbon nucleophiles, When used in conjunction 
With carbon electrophiles, engender neW carbon-carbon 
bonds betWeen the carbon nucleophile and carbon electro 
phile. 

[0201] Non-carbon nucleophiles suitable for coupling to 
carbon electrophiles include but are not limited to primary 
and secondary amines, thiols, thiolates, and thioethers, alco 
hols, alkoxides, aZides, semicarbaZides, and the like. These 
non-carbon nucleophiles, When used in conjunction With 
carbon electrophiles, typically generate heteroatom linkages 
(C—X—C), Wherein X is a hetereoatom, e.g, oxygen or 
nitrogen. 

[0202] The term “protecting group” refers to chemical 
moieties that block some or all reactive moieties and prevent 
such groups from participating in chemical reactions until 
the protective group is removed. It is preferred that each 
protective group be removable by a different means. Pro 
tective groups that are cleaved under totally disparate reac 
tion conditions ful?ll the requirement of differential 
removal. Protective groups can be removed by acid, base, 
and hydrogenolysis. Groups such as trityl, dimethoxytrityl, 
acetal and t-butyldimethylsilyl are acid labile and may be 
used to protect carboxy and hydroxy reactive moieties in the 
presence of amino groups protected With CbZ groups, Which 
are removable by hydrogenolysis, and Fmoc groups, Which 
are base labile. Carboxylic acid and hydroxy reactive moi 
eties may be blocked With base labile groups such as, 
Without limitation, methyl, ethyl, and acetyl in the presence 
of amines blocked With acid labile groups such as t-butyl 
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carbamate or With carbamates that are both acid and base 
stable but hydrolytically removable. 

[0203] Carboxylic acid and hydroxy reactive moieties 
may also be blocked With hydrolytically removable protec 
tive groups such as the benZyl group, While amine groups 

capable of hydrogen bonding With acids may be blocked 
With base labile groups such as Fmoc. Carboxylic acid 

reactive moieties may be protected by conversion to simple 
ester derivatives as exempli?ed herein, or they may be 

blocked With oxidatively-removable protective groups such 
as 2,4-dimethoxybenZyl, While co-existing amino groups 
may be blocked With ?uoride labile silyl carbamates. 

[0204] Allyl blocking groups are useful in then presence 
of acid- and base-protecting groups since the former are 
stable and can be subsequently removed by metal or pi-acid 
catalysts. For example, an allyl-blocked carboxylic acid can 
be deprotected With a PdO-catalyZed reaction in the presence 
of acid labile t-butyl carbamate or base-labile acetate amine 
protecting groups. Yet another form of protecting group is a 
resin to Which a compound or intermediate may be attached. 

As long as the residue is attached to the resin, that functional 
group is blocked and cannot react. Once released from the 
resin, the functional group is available to react. 

[0205] Typically blocking/protecting groups may be 
selected from: 

Aug. 4, 2005 

-continued 

)1 
O HZC/ O 

(C6H5)3C— H43)k @ib 
trityl acetyl Fmoc 

[0206] Other protecting groups are described in Greene 
and Wuts, Protective Groups in Organic Synthesis, 3rd Ed., 
John Wiley & Sons, NeW York, NY, 1999, Which is 
incorporated herein by reference in its entirety. 

[0207] Biological Activity 
[0208] Protein kinases (PKs) play a role in signal trans 
duction pathWays regulating a number of cellular functions, 
such as cell groWth, differentiation, and cell death. PKs are 
enZymes that catalyZe the phosphorylation of hydroxy 
groups on tyrosine, serine and threonine residues of proteins. 
Abnormal PK activity has been related to disorders ranging 
from relatively non life threatening diseases such as psoria 
sis to extremely virulent diseases such as glioblastoma 
(brain cancer). In addition, a variety of tumor types have 
dysfunctional groWth factor receptor tyrosine kinases, 
resulting in inappropriate mitogenic signaling. Protein 
kinases are believed to be involved in many different cellular 
signal transduction pathWays. In particular, protein tyrosine 
kinases (PTK) are attractive targets in the search for thera 
peutic agents, not only for cancer, but also against many 
other diseases. Blocking or regulating the kinase phospho 
rylation process in a signaling cascade may help treat 
conditions such as cancer or in?ammatory processes. 

[0209] Protein tyrosine kinases are a family of tightly 
regulated enZymes, and the aberrant activation of various 
members of the family is one of the hallmarks of cancer. The 
protein-tyrosine kinase family includes Bcr-Abl tyrosine 
kinase, and can be divided into subgroups that have similar 
structural organiZation and sequence similarity Within the 
kinase domain. The members of the type III group of 
receptor tyrosine kinases include the platelet-derived groWth 
factor (PDGF) receptors (PDGF receptors 0t and [3), colony 
stimulating factor (CSF-l) receptor (CSF-lR, c-Fms), FLT 
3, and stem cell or steel factor receptor (c-kit). 

[0210] The compounds, compositions, and methods pro 
vided herein are useful to modulate the activity of kinases 
including, but not limited to, ERBB2, ABL1, AURKA, 
CDKZ, EGFR, FGFRl, LCK, MAPK14, PDGFR, KDR, 
ABL1, BRAF, ERBB4, FLT3, KIT, and RAFl. In some 
embodiments, the compositions and methods provided 
herein modulate the activity of a mutant kinase. 

[0211] Inhibition by the compounds provided herein can 
be determined using any suitable assay. In one embodiment, 
inhibition is determined in vitro. In a speci?c embodiment, 
inhibition is assessed by phosphorylation assays. Any suit 
able phosphorylation assay can be employed. For example, 
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membrane autophosphorylation assays, receptor autophos 
phorylation assays in intact cells, and ELISA’s can be 
employed. See, e.g., GaZit, et al., J. Med. Chem. (1996) 
39:2170-2177, Chapter 18 in CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY (Ausubel, et al., eds. 2001). 
Cells useful in such assays include cells With Wildtype or 
mutated forms. In one embodiment, the Wildtype is a kinase 
that is not constitutively active, but is activated With upon 
dimeriZation. For example, the mutant FLT3 kinase is con 
stitutively active via internal tandem duplication mutations 
or point mutations in the activation domain. Suitable cells 
include those derived through cell culture from patient 
samples as Well as cells derived using routine molecular 
biology techniques, e.g., retroviral transduction, transfec 
tion, mutagenesis, etc. Exemplary cells include Ba/F3 or 
32Dc13 cells transduced With, e.g., MSCV retroviral con 
structs FLT3-ITD (Kelly et al., 2002); Molm-13 and 
Molm14 cell line (Fujisaki Cell Center, Okayama, Japan); 
HL60 (AML-M3), AML193 (AML-M5), KG-1, KG-1a, 
CRL-1873, CRL-9591, and THP-1 (American Tissue Cul 
ture Collection, Bethesda, Md.); or any suitable cell line 
derived from a patient With a hematopoietic malignancy. 

[0212] In some embodiments, the compounds described 
herein signi?cantly inhibit receptor tyrosine kinases. A sig 
ni?cant inhibition of a receptor tyrosine kinase activity 
refers to an IC5O of less than or equal to 100 nM. Preferably, 
the compound can inhibit activity With an IC5O of less than 
or equal to 50 nM, more preferably less than or equal to 10 
nM, more preferably less than 1 nM, or less than 100 nM, 
most preferably less than 50 nM. LoWer ICSO’s are preferred 
because the IC5O provides an indication as to the in vivo 
effectiveness of the compound. Other factors knoWn in the 
art, such as compound half-life, biodistribution, and toxicity 
should also be considered for therapeutic uses. Such factors 
may enable a compound With a loWer IC5O to have greater in 
vivo ef?cacy than a compound having a higher ICSO. Pref 
erably, a compound that inhibits activity is administered at 
a dose Where the effective tyrosine phosphorylation, i.e., 
ICSO, is less than its cytotoxic effects, LDSO. 

[0213] In some embodiments, the compounds selectively 
inhibit one or more kinases. Selective inhibition of a kinase, 

such as FLT3, p38 kinase, STK10, MKNK2, Bcr-Abl, c-kit, 
or PDGFR, is achieved by inhibiting activity of one kinase, 
While having an insigni?cant effect on other members of the 
superfamily. 

[0214] PDGFR 

[0215] Platelet-Derived GroWth factor Receptors (PDG 
FR’s) are receptor tyrosine kinases that regulate proliferative 
and chemotatic responses. PDGFR’s have tWo forms— 
PDGFR-ot (CD140a) and PDGFR-[3 (CD140b). PDGFRs 
are normally found in connective tissue and glia but are 
lacking in most epithelia, and PDGF expression has been 
shoWn in a number of different solid tumors, from glioblas 
tomas to prostate carcinomas. For instance, PDGFR kinases 
are involved in various cancers such as T-cell lymphoma, 
acute lymphoblastic leukemia (ALL), acute myeloid leuke 
mia (AML), melanoma, glioblastoma and others (see Bel 
lamy W. T. et al., Cancer Res. 1999, 59, 728-733). in these 
various tumor types, the biological role of PDGF signaling 
can vary from autocrine stimulation of cancer cell groWth to 
more subtle paracrine interactions involving adjacent stroma 
and angiogenesis. Furthermore, PDGF has been implicated 
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in the pathogenesis of several nonmalignant proliferation 
diseases, including atherosclerosis, restenosis folloWing vas 
cular angioplasty and ?broproliferative disorders such as 
obliterative bronchiolitis. Therefore, inhibiting the PDGFR 
kinase activity With small molecules may interfere With 
tumor groWth and angiogenesis. 

[0216] The binding of PDGFR to its receptor activates the 
intracellular tyrosine kinase, resulting in the autophorylation 
of the receptor as Well as other intracellular substrates such 
as Src, GTPase Activating Protein (GAP), and phosphati 
dylinositol-3-phosphate. Upon autophorylation the PDGFR 
also forms complexes With other signaling moieties includ 
ing phospholipase C-y (PLC-y), phosphatidylinositol-3-ki 
nase (PI3K), and raf-1. It appears to be involved in com 
munication betWeen endothelial cells and pericytes, a 
communication that is essential for normal blood vessel 
development. 
[0217] It has been found previously that the disruption of 
the PDGFR-B in mice oblates neovascular pericytes that 
from part of the capillary Wall. See Lindahl, P., et al., Science 
(1997) 227:242-245; Hellstrom, M., et al., Development 
(1999) 126:3047-3055. A recent study by Bergers, G., et al., 
J. Clin. Invest. (2003) 111:1287-1295 has suggested that 
inhibition of PDGFR kinase activity by certain compounds 
such as SU6668 or ST1571/Gleevec inhibits tumor groWth 
and that these compounds combined With VEGFR inhibitor 
SU5416 Were very effective in reducing tumor groWth. 
Further, inhibition of PDGFR-B by Gleevec enhanced tumor 
chemotherapeutic ef?cacy in mice. Pietras, K., et al., Cancer 
Res. (2002) 62:5476-5484. ArevieW of PDGFR receptors as 
cancer drug targets by Pietras, K., et al., appears in Cancer 
Cell. (2003) 3:439-443. Inhibition of this kinase activity is 
also effective Where abnormal forms of PDGFR, such as the 
TEL/PDGFR-B fusion protein associated With chronic 
myelomonocytic leukemia (CMML) is produced. See also, 
Grisolano, J. L., et al., Proc. Natl. Acad. Sci. USA. (2003) 
10019506 

[0218] Inhibitors of PDGFR-B frequently also inhibit 
additional kinases involved in tumor groWth such as BCR 
ABL, TEL-ABL, and PDGFR-ot. See, Carroll, M., et al., 
Blood (1997) 90:4947-4952 and Cools, J., et al., Cancer Cell 
(2003) 3:450-469. One class of established inhibitors of 
PDGFR kinase activity includes quinaZoline derivatives 
Which comprise piperaZine substitutions. Such compounds 
are disclosed in Yu, J-C., et al., J. Pharmacol. Exp. Ther. 
(2001) 298:1172-1178; Pandey, A., et al., J. Med. Chem. 
(2002) 45:3772-3793 Matsuno, K., et al., J. Med. Chem. 
(2002) 45: 4413-4523 and Matsuno, K., et al., ibid., 3057 
3066. Still another class is represented by 2-phenyl pyrim 
idines as disclosed by Buchdunger, E., et al., Proc. Natl. 
Acad. Sci. USA. (1995) 92:2558-2562. HoWever, there 
remains a need for additional compounds that are effective 
in inhibiting PD GFR kinase activity. Given the complexities 
of signal transduction With the redundancy and crosstalk 
betWeen various pathWays, the identi?cation of speci?c 
PDGFR tyrosine kinase inhibitors permits accurate targeting 
With limited or no unWanted inhibition of the pathWays, thus 
reducing the toxicity of such inhibitory compounds. 

[0219] In one embodiment, compositions and methods 
provided herein are effective to modulate the activity of 
PDGFR. In other embodiments, compositions and methods 
provided herein are effective to selectively modulate the 
activity of PDGFR. 
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[0220] Formulations 

[0221] The compounds described herein can be used to 
prepare a medicament, such as by formulation into pharma 
ceutical compositions for administration to a subject using 
techniques generally knoWn in the art. A summary of such 
pharmaceutical compositions may be found, for example, in 
Remington’s Pharmaceutical Sciences, Mack Publishing 
Co., Easton, Pa. The compounds of the invention can be 
used singly or as components of mixtures. Preferred forms 
of the compounds are those for systemic administration as 
Well as those for topical or transdermal administration. 
Formulations designed for timed release are also Within the 
scope of the invention. Formulation in unit dosage form is 
also preferred for the practice of the invention. 

[0222] In unit dosage form, the formulation is divided into 
unit doses containing appropriate quantities of one or more 
compounds. The unit dosage may be in the form of a 
package containing discrete quantities of the formulation. 
Non-limiting examples are packeted tablets or capsules, and 
poWders in vials or ampoules. 

[0223] The compounds described herein may be labeled 
isotopicaily (eg with a radioisotope) or by any other means, 
including, but not limited to, the use of chromophores or 
?uorescent moieties, bioluminescent labels, or chemilumi 
nescent labels. The compositions may be in conventional 
forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in a liquid prior to use, or 
as emulsions. Suitable excipients or carriers are, for 
example, Water, saline, dextrose, glycerol, alcohols, aloe 
vera gel, allantoin, glycerin, vitamin A and E oils, mineral 
oil, propylene glycol, PPG-2 myristyl propionate, and the 
like. Of course, these compositions may also contain minor 
amounts of nontoxic, auxiliary substances, such as Wetting 
or emulsifying agents, pH buffering agents, and so forth. 

[0224] Methods for the preparation of compositions com 
prising the compounds described herein include formulating 
the derivatives With one or more inert, pharmaceutically 
acceptable carriers to form either a solid or liquid. Solid 
compositions include, but are not limited to, poWders, tab 
lets, dispersible granules, capsules, cachets, and supposito 
ries. Liquid compositions include solutions in Which a 
compound is dissolved, emulsions comprising a compound, 
or a solution containing liposomes, micelles, or nanopar 
ticles comprising a compound as disclosed herein. 

[0225] A carrier of the invention can be one or more 
substances Which also serve to act as a diluent, ?avoring 
agent, solubiliZer, lubricant, suspending agent, binder, or 
tablet disintegrating agent. A carrier can also be an encap 
sulating material. 

[0226] In poWder forms of the invention’s compositions, 
the carrier is preferably a ?nely divided solid in poWder form 
Which is interdispersed as a mixture With a ?nely divided 
poWder from of one or more compound. In tablet forms of 
the compositions, one or more compounds is intermixed 
With a carrier With appropriate binding properties in suitable 
proportions folloWed by compaction into the shape and siZe 
desired. PoWder and tablet form compositions preferably 
contain betWeen about 5 to about 70% by Weight of one or 
more compound. Carriers that may be used in the practice of 
the invention include, but are not limited to, magnesium 
carbonate, magnesium stearate, talc, lactose, sugar, pectin, 
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dextrin, starch, tragacanth, methyl cellulose, sodium car 
boxymethyl cellulose, a loW-melting Wax, cocoa butter, and 
the like. 

[0227] The compounds of the invention may also be 
encapsulated or microencapsulated by an encapsulating 
material, Which may thus serve as a carrier, to provide a 
capsule in Which the derivatives, With or Without other 
carriers, is surrounded by the encapsulating material. In an 
analogous manner, cachets comprising one or more com 

pounds are also provided by the instant invention. Tablet, 
poWder, capsule, and cachet forms of the invention can be 
formulated as single or unit dosage forms suitable for 
administration, optionally conducted orally. 

[0228] In suppository forms of the compositions, a loW 
melting Wax such as, but not limited to, a mixture of fatty 
acid glycerides, optionally in combination With cocoa butter 
is ?rst melted. One or more compounds are then dispersed 
into the melted material by, as a non-limiting example, 
stirring. The non-solid mixture is then placed into molds as 
desired and alloWed to cool and solidify. 

[0229] Non-limiting compositions in liquid form include 
solutions suitable for oral or parenteral administration, as 
Well as suspensions and emulsions suitable for oral admin 
istration. Sterile aqueous based solutions of one or more 

compounds, optionally in the presence of an agent to 
increase solubility of the derivative(s), are also provided. 
Non-limiting examples of sterile solutions include those 
comprising Water, ethanol, and/or propylene glycol in forms 
suitable for parenteral administration. A sterile solution of 
the invention may be prepared by dissolving one or more 
compounds in a desired solvent folloWed by steriliZation, 
such as by ?ltration through a steriliZing membrane ?lter as 
a non-limiting example. In another embodiment, one or 
more compounds are dissolved into a previously steriliZed 
solvent under sterile conditions. 

[0230] A Water based solution suitable for oral adminis 
tration can be prepared by dissolving one or more com 
pounds in Water and adding suitable ?avoring agents, col 
oring agents, stabiliZers, and thickening agents as desired. 
Water based suspensions for oral use can be made by 
dispersing one or more compounds in Water together With a 
viscous material such as, but not limited to, natural or 
synthetic gums, resins, methyl cellulose, sodium carboxym 
ethyl cellulose, polyvinylpyrrolidone, and other suspending 
agents knoWn to the pharmaceutical ?eld. 

[0231] In therapeutic use, the compounds of the invention 
are administered to a subject at dosage levels of from about 
0.5 mg/kg to about 8.0 mg/kg of body Weight per day. For 
example, a human subject of approximately 70 kg, this is a 
dosage of from 35 mg to 560 mg per day. Such dosages, 
hoWever, may be altered depending on a number of vari 
ables, not limited to the activity of the compound used, the 
condition to be treated, the mode of administration, the 
requirements of the individual subject, the severity of the 
condition being treated, and the judgment of the practitioner. 

[0232] The foregoing ranges are merely suggestive, as the 
number of variables in regard to an individual treatment 
regime is large, and considerable excursions from these 
recommended values are not uncommon. 




























































































































































