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(57) ABSTRACT 

Described herein are compounds that are useful as protein 
kinase inhibitors having the formula: 

Where R1'4, Q, and T are described in the speci?cation. The 
compounds are useful for treating disease states in mammals 
that are alleviated by a protein kinase inhibitor, particularly 
diseases such as cancer, in?ammatory disorders, restenosis, 
and cardiovascular disease. 
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PYRAZOLE COMPOSITIONS USEFUL AS 
INHIBITORS OF ERK 

[0001] This application claims the priority to co-pending 
International Patent Application PCT/US03911, ?led Feb. 5, 
2001, Which claims priority of United States Provisional 
Application serial No. 60/180,506 ?led Feb. 5, 2000; US. 
Provisional Application serial No. 60/242,935 ?led Oct. 24, 
2000;and US. Provisional Application serial No. 60/191, 
956 ?led Mar. 24, 2000. The entirety of Which is herein 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention is in the ?eld of medicinal 
chemistry and relates to pyraZole compounds that are protein 
kinase inhibitors, especially inhibitors of ERK, composi 
tions containing such compounds and methods of use. The 
compounds are useful for treating cancer and other disease 
states that are alleviated by protein kinase inhibitors. 

BACKGROUND OF THE INVENTION 

[0003] Mammalian mitogen-activated protein (MAP)1 
kinases are serine/threonine kinases that mediate intracellu 
lar signal transduction pathWays (Cobb and Goldsmith, 
1995, J Biol. Chem., 270, 14843; Davis, 1995, Mol. Reprod. 
Dev. 42, 459). Members of the MAP kinase family share 
sequence similarity and conserved structural domains, and 
include the ERK (extracellular signal regulated kinase), JNK 
(Jun N-terminal kinase), and p38 kinases. JNKs and p38 
kinases are activated in response to the pro-inflammatory 
cytokines TNF-alpha and interleukin-1, and by cellular stress 
such as heat shock, hyperosmolarity, ultraviolet radiation, 
lipopolysaccharides and inhibitors of protein synthesis 
(Derijard et al., 1994, Cell 76, 1025; Han et al., 1994, 
Science 265, 808; Raingeaud et al., 1995, JBiol. Chem. 270, 
7420; Shapiro and Dinarello, 1995, Proc. Natl. Acad. Sci. 
USA 92, 12230). In contrast, ERKs are activated by mito 
gens and groWth factors (Bokemeyer et al. 1996, Kidney Int. 
49, 1187). 
[0004] ERK2 is a Widely distributed protein kinase that 
achieves maXimum activity When both Thr183 and Tyr185 
are phosphorylated by the upstream MAP kinase kinase, 
MEK1 (Anderson et al., 1990, Nature 343, 651; CreWs et al., 
1992, Science 258, 478). Upon activation, ERK2 phospho 
rylates many regulatory proteins, including the protein 
kinases Rsl<90 (Bjorbaek et al., 1995, J. Biol. Chem. 270, 
18848) and MAPKAP2 (Rouse et al., 1994, Cell 78, 1027), 
and transcription factors such as ATF2 (Raingeaud et al., 
1996, Mol. Cell Biol. 16, 1247), Elk-1 (Raingeaud et al. 
1996), c-Fos (Chen et al., 1993 Proc. Natl. Acad. Sci. USA 
90, 10952), and c-Myc (Oliver et al., 1995, Proc. Soc. Exp. 
Biol. Med. 210, 162). ERK2 is also a doWnstream target of 
the Ras/Raf dependent pathWays (Moodie et al., 1993, 
Science 260, 1658) and may help relay the signals from 
these potentially oncogenic proteins. ERK2 has been shoWn 
to play a role in the negative groWth control of breast cancer 
cells (Frey and Mulder, 1997, Cancer Res. 57, 628) and 
hypereXpression of ERK2 in human breast cancer has been 
reported (Sivaraman et al., 1997, J Clin. Invest. 99, 1478). 
Activated ERK2 has also been implicated in the prolifera 
tion of endothelin-stimulated airWay smooth muscle cells, 
suggesting a role for this kinase in asthma (Whelchel et al., 
1997, Am. J. Respir. Cell Mol. Biol. 16, 589). 
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[0005] The JNK family of (MAP)1 kinases have been 
implicated in having a role in mediating cellular response to 
a variety of disorders including cancer (Oncogene 1996, 13, 
135-42), hepatic disorders (Hepatology 1998, 28,1022-30), 
cardiovascular disease (Circ. Res. 1998, 83, 167-78,‘ Circu 
lation 1998, 97:1731-7; J. Biol. Chem. 1997, 272, 28050-6; 
Circ. Res. 1996, 79, 162-73; Circ. Res. 1996, 78, 947-53; J. 
Clin. Invest. 1996, 97, 508-14), and immunological disor 
ders (J. Immunol. 1999, 162, 3176-87,'Eur. J. Immunol. 
1998, 28, 3867-77,'J. Exp. Med. 1997, 186, 941-53,'Eur. J. 
Immunol. 1996, 26, 989-94, among others). 
[0006] Aurora2 is a serine/threonine protein kinase that 
has been implicated in human cancer, such as colon, breast 
and other solid tumors. This kinase is believed to be 
involved in protein phosphorylation events that regulate the 
cell cycle. Speci?cally, aurora2 may play a role in control 
ling the accurate segregation of chromosomes during mito 
sis. Misregulation of the cell cycle can lead to cellular 
proliferation and other abnormalities. In human colon cancer 
tissue, the aurora2 protein has been found to be overex 
pressed. See Bischoff et al., EMBO J., 1998, 17, 3052-3065; 
Schumacher et al., J. Cell Biol., 1998, 143, 1635-1646; 
Kimura et al., J. Biol. Chem., 1997, 272, 13766-13771. 

[0007] Glycogen synthase kinase-3 (GSK-3) is a serine/ 
threonine protein kinase comprised of 0t and [3 isoforms that 
are each encoded by distinct genes [Coghlan et al., Chem 
istry & Biology, 7, 793-803 (2000); Kim and Kimmel, Curr. 
Opinion Genetics Dev., 10, 508-514 (2000)]. GSK-3 has 
been implicated in various diseases including diabetes, 
AlZheimer’s disease, CNS disorders such as manic depres 
sive disorder and neurodegenerative diseases, and cardi 
omyocete hypertrophy [WO 99/65897; WO 00/38675; and 
Haq et al.,J. CellBiol. (2000) 151, 117]. These diseases may 
be caused by, or result in, the abnormal operation of certain 
cell signaling pathWays in Which GSK-3 plays a role. 

[0008] KDR is a tyrosine kinase receptor that also binds 
VEGF (vascular endothelial groWth factor) (Neufeld et al., 
1999, FASEB J ., 13, 9). The binding of VEGF to the KDR 
receptor leads to angiogenesis, Which is the sprouting of 
capillaries from preexisting blood vessels. High levels of 
VEGF are found in various cancers causing tumor angio 
genesis and permitting the rapid groWth of cancerous cells. 
Therefore, suppressing VEGF activity is a Way to inhibit 
tumor groWth, and it has been shoWn that this can be 
achieved by inhibiting KDR receptor tyrosine kinase. 

[0009] AKT, also knoWn as protein kinase B, is a serine/ 
threonine kinase that plays a central role in promoting the 
survival of a Wide range of cell types [KhWaja, A., Nature, 
pp. 33-34 (1990)]. It has been shoWn by Zang, et al, that 
human ovarian cancer cells display elevated levels of AKT-1 
and AKT-2. Inhibition of AKT induces apoptosis of these 
human ovarian cancer cells Which demonstrates that AKT 
may be an important target for ovarian cancer treatment 
[Zang, Q. Y., et al, Oncogene, 19 (2000)] and other prolif 
erative disorders. The AKT pathWay has also been impli 
cated in motoneuronal survival and nerve regeneration [Ka 
Zuhiko, N., et al, The Journal of Neuroscience, 20 (2000)]. 
[0010] There is a high unmet medical need to develop 
protein kinase inhibitors, especially ERK inhibitors, that are 
useful in treating the various conditions associated With 
ERK activation, especially considering the currently avail 
able, relatively inadequate treatment options for the majority 
of these conditions. 
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[0011] Accordingly, there is still a great need to develop 
potent inhibitors of protein kinase, including ERK inhibi 
tors, that are useful in treating various conditions associated 
With protein kinase activation. 

DESCRIPTION OF THE INVENTION 

[0012] It has noW been found that compounds of this 
invention and compositions thereof are effective as protein 
kinase inhibitors, especially as inhibitors of ERK. These 
compounds have the general formula I: 

[0013] or a pharrnaceutically derivative 
thereof, Wherein: 

[0014] R1 is selected from R, halogen, N(R8)2, OR, 
NRCOR, NRCON(R8)2, CON(R8)2, SOZR, NRSOZR, 
or SO2N(R8)2; 

[0015] T is selected from a valence bond or a linker 
group; 

[0016] each R is independently selected from hydrogen 
or an optionally substituted aliphatic group having one 
to siX carbons; 

[0017] R2 is selected from hydrogen, CN, halogen, aryl, 
aralkyl, heteroaryl, heterocyclyl, an optionally substi 
tuted acyclic aliphatic chain group having one to siX 
carbons, or an optionally substituted cyclic aliphatic 
group having four to ten carbons; 

[0018] R3 is selected from R, OH, OR, N(R8)2, halogen, 
or CN; 

acceptable 

[0019] Q is a valence bond, J, or an optionally substi 
tuted CL6 alkylidene chain Wherein up to tWo nonad 
jacent carbons of the alkylidene chain are each option 
ally and independently replaced by J; 

[0021] R4 is selected from —R8, —R5, —NH2, 
—NHRS, —N(R5)2, or —NRS (CH2)yN(R5)2; 

[0022] each R5 is independently selected from R6, R7, 

[0023] y is 0-6; 

[0024] each R6 is an optionally substituted group inde 
pendently selected from an aliphatic, aryl, aralkyl, 
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aralkoXy, heteroaryl, heteroarylalkyl, heteroarylalkoXy, 
heterocyclyl, heterocyclylalkyl, or heterocyclylalkoXy, 
group; 

[0025] each R7 is independently selected from an 
optionally substituted hydroXyalkyl, alkoxyalkyl, ary 
loXyalkyl, or alkoXycarbonyl; and 

[0026] each R8 is independently selected from R, or tWo 
R8 on the same nitrogen taken together With the nitro 
gen optionally forrn a four to eight rnernbered, satu 
rated or unsaturated heterocyclic ring having one to 
three heteroatorns. 

[0027] As used herein, the folloWing de?nitions shall 
apply unless otherWise indicated. Also, combinations of 
substituents or variables are permissible only if such corn 
binations result in stable cornpounds. 

[0028] The term “aliphatic” as used herein means straight 
chained, branched or cyclic C1-C12 hydrocarbons Which are 
completely saturated or Which contain one or more units of 
unsaturation. For example, suitable aliphatic groups include 
substituted or unsubstituted linear, branched or cyclic alkyl, 
alkenyl, alkynyl groups and hybrids thereof such as 
(cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alk 
enyl. The term “alkyl” and “alkoxy” used alone or as part of 
a larger rnoiety refers to both straight and branched chains 
containing one to tWelve carbon atoms. The terms “alkenyl” 
and “alkynyl” used alone or as part of a larger rnoiety shall 
include both straight and branched chains containing tWo to 
tWelve carbon atoms. The terms “haloalkyl”, “haloalkenyl” 
and “haloalkoxy” rneans alkyl, alkenyl or alkoXy, as the case 
may be, substituted With one or more halogen atoms. The 
term “halogen” rneans F, Cl, Br, or I. The term “heteroatorn” 
rneans N, O, or S and shall include any oXidiZed form of 
nitrogen and sulfur, and the quaterniZed form of any basic 
nitrogen. 
[0029] The term “aryl”, used alone or as part of a larger 
rnoiety as in “aralkyl”, refers to aromatic ring groups having 
?ve to fourteen members, such as phenyl, benZyl, 1-naph 
thyl, 2-naphthyl, l-anthracyl and 2-anthracyl, and heterocy 
clic arornatic groups or heteroaryl groups such as 2-furanyl, 
3-furanyl, N-irnidaZolyl, 2-irnidaZolyl, 4-irnidaZolyl, S-irni 
daZolyl, 3-isoXaZolyl, 4-isoXaZolyl, 5-isoXaZolyl, 2-oXadia 
Zolyl, 5-oXadiaZolyl, 2-oXaZolyl, 4-oXaZolyl, 5-oXaZolyl, 
2-pyrrolyl, 3-pyrrolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-py 
rirnidyl, 4-pyrirnidyl, S-pyrirnidyl, 3-pyridaZinyl, 2-thiaZ 
olyl, 4-thiaZolyl, 5-thiaZolyl, 5-tetraZolyl, 2-triaZolyl, S-tria 
Zolyl, 2-thienyl, or 3-thienyl. The term “aryl ring” also refers 
to rings that are optionally substituted. 

[0030] Aryl groups also include fused polycyclic aromatic 
ring systems in Which a carbocyclic aromatic ring or het 
eroaryl ring is fused to one or more other rings. Examples 
include tetrahydronaphthyl, benZirnidaZolyl, benZothienyl, 
benZofuranyl, indolyl, quinolinyl, benZothiaZolyl, benZooX 
aZolyl, benZirnidaZolyl, isoquinolinyl, isoindolyl, acridinyl, 
benZoisoXaZolyl, and the like. Also included Within the 
scope of the term “aryl”, as it is used herein, is a group in 
Which one or more carbocyclic aromatic rings and/or het 
eroaryl rings are fused to a cycloalkyl or non-arornatic 
heterocyclic ring, for example, indanyl or tetrahydroben 
Zopyranyl. 
[0031] Non-arornatic heterocyclic rings are non-arornatic 
carbocyclic rings in Which one or more ring carbons are 
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replaced by a heteroatom such as nitrogen, oxygen or sulfur 
in the ring. The ring can be ?ve, six, seven or eight 
membered and/or fused to another ring, such as a cycloalkyl 
or aromatic ring. Examples include 3-1H-benZimidaZol-2 
one, 3-(1-alkyl)-benZimidaZol-2-one, 2-tetrahydrofuranyl, 
3-tetrahydrofuranyl, 2-tetrahydrothiophenyl, 3-tetrahy 
drothiophenyl, 2-morpholino, 3-morpholino, 4-morpholino, 
2-thiomorpholino, 3-thiomorpholino, 4-thiomorpholino, 
l-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-piperaZinyl, 
2-piperaZinyl, 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 
4-piperidinyl, 4-thiaZolidinyl, diaZolonyl, N-substituted dia 
Zolonyl, l-phthalimidinyl, benZoxane, benZotriaZol-1-yl, 
benZopyrrolidine, benZopiperidine, benZoxolane, benZothi 
olane, and benZothiane. The term “heterocyclic ring”, 
Whether saturated or unsaturated, also refers to rings that are 
optionally substituted. 

[0032] An aryl group (carbocyclic and heterocyclic) or an 
aralkyl group, such as benZyl or phenethyl, may contain one 
or more substituents. Examples of suitable substituents on 
the unsaturated carbon atom of an aryl group include a 
halogen, —R, —OR, —SR, protected OH (such as acyloxy), 
phenyl (Ph), substituted Ph, —OPh, substituted —OPh, 
—NO2, —CN, —N(R)2, —NRN(R)2, —NRCON(R)2, 
—NRCOR, —NRCO2(aliphatic), —COZR, —COR, 
—C(O)C(O)R, —CON(R)2, —CONRN(R)2, —S(O)2R, 
—SON (R)2, —S(O) (aliphatic), —SO2N(R)2, or 
—NRS(O)2R, Where each R is independently selected from 
hydrogen, an aliphatic group or a substituted aliphatic group. 

[0033] An aliphatic group or a non-aromatic heterocyclic 
ring may contain one or more substituents. Examples of 
suitable substituents on the saturated carbon of an aliphatic 
group or of a non-aromatic heterocyclic ring include those 
listed above for the unsaturated carbon as Well as the 

following: =0, :5, =NNHR, =NNR2, =N—, OR, 
=NNHCOR, =NNHCO2(aliphatic), 
=NNHSO2(aliphatic), or =NR, Where each R is indepen 
dently selected from hydrogen, an aliphatic group or a 
substituted aliphatic group. 

[0034] The term “alkylidene chain” refers to an optionally 
substituted, straight or branched, carbon chain that may be 
fully saturated or have one or more units of unsaturation. 
The optional substituents are as described above for an 
aliphatic group. Optional substituents of the C1_6 alkylidine 
chain of Q include those described above for an aliphatic 
group. 

[0035] The term “linker group” means an organic moiety 
that connects tWo parts of a compound. Linkers are typically 
comprised of an atom such as oxygen or sulfur, a unit such 
as —NH— or —CH2—, or a chain of atoms, such as an 
alkylidene chain. The molecular mass of a linker is typically 
in the range of about 14 to 200. Examples of linkers include 
a saturated or unsaturated CL6 alkylidene chain Which is 
optionally substituted, and Wherein up to tWo saturated 
carbons of the chain are optionally replaced by —C(=O)—, 
—CONH—, CONHNH—, —CO2—, —NHCO2—, —O—, 

certain compounds of this invention may exist in tautomeric 
forms, all such tautomeric forms of the compounds being 
Within the scope of the invention. 
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[0037] Unless otherWise stated, structures depicted herein 
are also meant to include all stereochemical forms of the 
structure; i.e., the R and S con?gurations for each asym 
metric center. Therefore, single stereochemical isomers as 
Well as enantiomeric and diastereomeric mixtures of the 
present compounds are Within the scope of the invention. 
Unless otherWise stated, structures depicted herein are also 
meant to include compounds Which differ only in the pres 
ence of one or more isotopically enriched atoms. For 

example, compounds having the present structures except 
for the replacement of a hydrogen by a deuterium or tritium, 
or the replacement of a carbon by a 13C- or 14C-enriched 
carbon are Within the scope of this invention. 

[0038] One embodiment of this invention relates to com 
pounds of formula II: 

[0039] Wherein R1, R2, R3, R4, T, and Q are as described 
above. 

[0040] Apreferred embodiment of this invention relates to 
compounds having the formula: 

II-A 

R4 

[0041] Wherein T, R2, and R4 are as described above and 
R1 and R3 are each hydrogen. 

[0042] Preferred compounds include those having one or 
more, and most preferably all, of the folloWing features: 

[0043] (a) Q is —CO—, —CO2—, or —CONH—; (b) T 
is a valence bond; (c) R1 is hydrogen or NHR; (d) R2 is an 
optionally substituted aryl ring, more preferably an option 
ally substituted phenyl ring; (c) R3 is hydrogen; (e) R is 
selected from R5, —NHRS, —N (R5)2, —NR5R6, 
—NHCHR5R6, or —NHCHZRS; and/or R5 is an option 
ally substituted group selected from aryl, aralkyl, heteroaryl, 
heteroarylalkyl, heterocyclyl, heterocyclylalkyl group, 
(CH2)yR6, (CH2)yR7 or (CH2)yCH(R6)(R7). 
[0044] Examples of substitutions of the R2 phenyl group 
include halo, nitro, alkoxy, and amino. 

[0045] When R4 is R5, examples of preferred R5 groups 
include pyrrolidin-l-yl, morpholin-l-yl, piperidin-l-yl, and 
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TABLE l-continued 

Compounds II 

11-248 4,5 -F2-pheny1 

11-249 5,6-F2-pheny1 

11-250 5-C1-pheny1 

11-251 4-C1-pheny1 

11-252 4-C1-pheny1 

11-253 4,5 -C12-pheny1 

11-254 4,5 -C12-pheny1 

11-255 2-F-3-C1-phenyl 

O HN \ 
N iigk/vg/ N 

H 

O O 
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TABLE l-continued 

Compounds II 

11-267 S-Br-phenyl O / 

O 

0 

11-268 S-Br-phenyl O 0 

% N/\:>iN NH 

11-269 S-Br-phenyl 0 

11-270 S-Br-phenyl C1 

11-271 S-Br-phenyl 0 

11-272 S-Br-phenyl O 

N N 

11-273 S-Br-phenyl 
















































