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PYRROLE SUBSTITUTED 2-INDOLINONE 
PROTEIN KINASE INHIBITORS 

CROSS-REFERENCE INFORMATION 

This application claims priority under 35 U.S.C. 119(e) to 
US. Provisional applications Ser. Nos. 60/ 182,710, ?led 
Feb. 15, 2000, No. 60/216,422 ?led on Jul. 6, 2000 and Ser. 
No. 60/243,532, ?led Oct. 27, 2000, the disclosures of Which 
are incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates to certain 3-pyrrole substi 

tuted 2-indolinone compounds Which modulate the activity 
of protein kinases (“PKs”). The compounds of this invention 
are therefore useful in treating disorders related to abnormal 
PK activity. Pharmaceutical compositions comprising these 
compounds, methods of treating diseases utiliZing pharma 
ceutical compositions comprising these compounds and 
methods of preparing them are also disclosed. 

2. State of the Art 
The folloWing is offered as background information only 

and is not admitted to be prior art to the present invention. 
PKs are enZymes that catalyZe the phosphorylation of 

hydroxy groups on tyrosine, serine and threonine residues of 
proteins. The consequences of this seemingly simple activity 
are staggering; cell groWth, differentiation and proliferation, 
i.e., virtually all aspects of cell life in one Way or another 
depend on PK activity. Furthermore, abnormal PK activity 
has been related to a host of disorders, ranging from rela 
tively non-life threatening diseases such as psoriasis to 
extremely virulent diseases such as glioblastoma (brain 
cancer). 

The PKs can be conveniently broken doWn into tWo 
classes, the protein tyrosine kinases (PTKs) and the serine 
threonine kinases (STKs). 

One of the prime aspects of PTK activity is their involve 
ment With groWth factor receptors. GroWth factor receptors 
are cell-surface proteins. When bound by a groWth factor 
ligand, groWth factor receptors are converted to an active 
form Which interacts With proteins on the inner surface of a 
cell membrane. This leads to phosphorylation on tyrosine 
residues of the receptor and other proteins and to the 
formation inside the cell of complexes With a variety of 
cytoplasmic signaling molecules that, in turn, effect numer 
ous cellular responses such as cell division (proliferation), 
cell differentiation, cell groWth, expression of metabolic 
effects to the extracellular microenvironment, etc. For a 
more complete discussion, see Schlessinger and Ullrich, 
Neuron, 9:303—391 (1992) Which is incorporated by 
reference, including any draWings, as if fully set forth 
herein. 

GroWth factor receptors With PTK activity are knoWn as 
receptor tyrosine kinases (“RTKs”). They comprise a large 
family of transmembrane receptors With diverse biological 
activity. At present, at least nineteen (19) distinct subfami 
lies of RTKs have been identi?ed. An example of these is the 
subfamily designated the “HER” RTKs, Which include 
EGFR (epithelial groWth factor receptor), HER2, HER3 and 
HER4. These RTKs consist of an extracellular glycosylated 
ligand binding domain, a transmembrane domain and an 
intracellular cytoplasmic catalytic domain that can phospho 
rylate tyrosine residues on proteins. 

Another RTK subfamily consists of insulin receptor (IR), 
insulin-like groWth factor I receptor (IGF-1R) and insulin 
receptor related receptor (IRR). IR and IGF-1R interact With 
insulin, IGF-I and IGF-II to form a heterotetramer of tWo 
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2 
entirely extracellular glycosylated 0t subunits and tWo [3 
subunits Which cross the cell membrane and Which contain 
the tyrosine kinase domain. 
A third RTK subfamily is referred to as the platelet 

derived groWth factor receptor (“PDGFR”) group, Which 
includes PDGFRot, PDGFRB, CSFIR, c-kit and c-fms. 
These receptors consist of glycosylated extracellular 
domains composed of variable numbers of immunoglobin 
like loops and an intracellular domain Wherein the tyrosine 
kinase domain is interrupted by unrelated amino acid 
sequences. 

Another group Which, because of its similarity to the 
PDGFR subfamily, is sometimes subsumed into the later 
group is the fetus liver kinase (“?k”) receptor subfamily. 
This group is believed to be made up of kinase insert 
domain-receptor fetal liver kinase-1 (KDR/FLK-1, VEGF 
R2), ?k-1R, ?k-4 and fms-like tyrosine kinase 1 (?t-1). 
A further member of the tyrosine kinase groWth factor 

receptor family is the ?broblast groWth factor (“FGF”) 
receptor subgroup. This group consists of four receptors, 
FGFR1—4, and seven ligands, FGF1—7. While not yet Well 
de?ned, it appears that the receptors consist of a glycosy 
lated extracellular domain containing a variable number of 
immunoglobin-like loops and an intracellular domain in 
Which the tyrosine kinase sequence is interrupted by regions 
of unrelated amino acid sequences. 

Still another member of the tyrosine kinase groWth factor 
receptor family is the vascular endothelial groWth factor 
(VEGF”) receptor subgroup. VEGF is a dimeric glycopro 
tein similar to PDGF but has different biological functions 
and target cell speci?city in vivo. In particular, VEGF is 
presently thought to play an essential role is vasculogenesis 
and angiogenesis. 
A more complete listing of the knoWn RTK subfamilies is 

described in PloWman et al., DN&R 7(6):334—339 (1994) 
Which is incorporated by reference, including any draWings, 
as if fully set forth herein. 

In addition to the RTKs, there also exists a family of 
entirely intracellular PTKs called “non-receptor tyrosine 
kinases” or “cellular tyrosine kinases.” This latter 
designation, abbreviated “CTK,” Will be used herein. CTKs 
do not contain extracellular and transmembrane domains. At 
present, over 24 CTKs in 11 subfamilies (Src, Frk, Btk, Csk, 
Abl, Zap70, Fes, Fps, Fak, Jak and Ack) have been identi 
?ed. The Src subfamily appear so far to be the largest group 
of CTKs and includes Src, Yes, Fyn, Lyn, Lck, Blk, Hck, Fgr 
and Yrk. For a more detailed discussion of CTKs, see Bolen, 
Oncogene, 8:2025—2031 (1993), Which is incorporated by 
reference, including any draWings, as if fully set forth 
herein. 

The serine/threonine kinases, STKs, like the CTKs, are 
predominantly intracellular although there are a feW receptor 
kinases of the STK type. STKs are the most common of the 
cytosolic kinases; i.e., kinases that perform their function in 
that part of the cytoplasm other than the cytoplasmic 
organelles and cytoskelton. The cytosol is the region Within 
the cell Where much of the cell’s intermediary metabolic and 
biosynthetic activity occurs; e.g., it is in the cytosol that 
proteins are synthesiZed on ribosomes. 
RTKs, CTKs and STKs have all been implicated in a host 

of pathogenic conditions including, signi?cantly, cancer. 
Other pathogenic conditions Which have been associated 
With PTKs include, Without limitation, psoriasis, hepatic 
cirrhosis, diabetes, angiogenesis, restenosis, ocular diseases, 
rheumatoid arthritis and other in?ammatory disorders, 
immunological disorders such as autoimmune disease, car 
diovascular disease such as atherosclerosis and a variety of 
renal disorders. 
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With regard to cancer, tWo of the major hypotheses 
advanced to explain the excessive cellular proliferation that 
drives tumor development relate to functions knoWn to be 
PK regulated. That is, it has been suggested that malignant 
cell groWth results from a breakdown in the mechanisms that 
control cell division and/or differentiation. It has been shoWn 
that the protein products of a number of proto-oncogenes are 
involved in the signal transduction pathWays that regulate 
cell groWth and differentiation. These protein products of 
proto-oncogenes include the extracellular groWth factors, 
transmembrane groWth factor PTK receptors (RTKs), cyto 
plasmic PTKs (CTKs) and cytosolic STKs, discussed above. 

In vieW of the apparent link betWeen PK-related cellular 
activities and Wide variety of human disorders, it is no 
surprise that a great deal of effort is being expended in an 
attempt to identify Ways to modulate PK activity. Some of 
this effort has involved biomimetic approaches using large 
molecules patterned on those involved in the actual cellular 
processes (e.g., mutant ligands (U.S. app. Ser. No. 4,966, 
849); soluble receptors and antibodies (App. No. WO 
94/10202, Kendall and Thomas, Proc. Nat’l Acad. Sci, 
90:10705—09 (1994), Kim, et al., Nature, 362:841—844 
(1993)); RNA ligands (Jelinek, et al., Biochemistry, 
33:10450—56); Takano, et al., Mol. Bio. Cell 4:358A(1993); 
Kinsella, et al., Exp. Cell Res. 199:56—62 (1992); Wright, et 
al., J. Cellular Phys, 152:448—57) and tyrosine kinase 
inhibitors (WO 94/03427; WO 92/21660; WO 91/15495; 
WO 94/14808; U.S. Pat. No. 5,330,992; Mariani, et al., 
Proc. Am. Assoc. Cancer Res., 35 :2268 (1994)). 

In addition to the above, attempts have been made to 
identify small molecules Which act as PK inhibitors. For 
example, bis-monocylic, bicyclic and heterocyclic aryl com 
pounds (PCT WO 92/20642), vinyleneazaindole derivatives 
(PCT WO 94/14808) and 1-cyclopropyl-4 
pyridylquinolones (US. Pat. No. 5,330,992) have been 
described as tyrosine kinase inhibitors. Styryl compounds 
(US. Pat. No. 5,217,999), styryl-substituted pyridyl com 
pounds (U.S. Pat. No. 5,302,606), quinaZoline derivatives 
(EP App. No.0 566 266 A1), selenaindoles and selenides 
(PCT WO 94/03427), tricyclic polyhydroxylic compounds 
(PCT WO 92/21660) and benZylphosphonic acid com 
pounds (PCT WO 91/ 15495) have all been described as PTK 
inhibitors useful in the treatment of cancer. 

SUMMARY OF THE INVENTION 

The present invention is directed to certain 3-pyrrole 
substituted 2-indolinone compounds Which exhibit PK 
modulating ability and are therefore useful in treating dis 
orders related to abnormal PK activity. 

Accordingly, in one aspect, the present invention relates 
to 3-pyrrole substituted 2-indolinones of Formula (I): 

Wherein: 
R1 is selected from the group consisting of hydrogen, 

halo, alkyl, cyclkoalkyl, aryl, heteroaryl, heteroalicyclic, 
hydroxy, alkoxy, —(CO)R15, —NR13R14, —(CH2),R16 and 
—C(O)NR8R9; 
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R2 is selected from the group consisting of hydrogen, 

halo, alkyl, trihalomethyl, hydroxy, alkoxy, cyano, 
—NR13R14, —NR13C(O)R14, —C(O)R15, aryl, heteroaryl, 
—S(O)2NR13R14 and —SO2R2O (wherein R20 is alkyl, aryl, 
aralkyl, heteroaryl and heteroaralkyl); 
R3 is selected from the group consisting of hydrogen, 

halogen, alkyl, trihalomethyl, hydroxy, alkoxy, —(CO)R15, 
—NR13R14, aryl, heteroaryl, —NR13S(O)2R14, —S(O)2 
NR13R14, _NR13C(O)R14, 
—NR13C(O)OR14 and —SO2R2O (wherein R20 is alkyl, 
aryl, aralkyl, heteroaryl and heteroaralkyl); 
R4 is selected from the group consisting of hydrogen, 

halogen, alkyl, hydroxy, alkoxy and —NR13R14; 
R5 is selected from the group consisting of hydrogen, 

alkyl and —C(O)R1O; 
R6 is selected from the group consisting of hydrogen, 

alkyl and —C(O)R1O; 
R7 is selected from the group consisting of hydrogen, 

alkyl, aryl, heteroaryl, —C(O)R17 and —C(O)R1O; or 
R6 and R7 may combine to form a group selected from the 

group consisting of —(CH2)4—, —(CH2)5— and 
—(CH2)6—; With the proviso that at least one of R5, R6 or 
R7 must be —C(O)R1O; 

R8 and R9 are independently selected from the group 
consisting of hydrogen, alkyl and aryl; 

R10 is selected from the group consisting of hydroxy, 
alkoxy, aryloxy, —N(R11) (CH2)nR12, and —NR13R14; 

R11 is selected from the group consisting of hydrogen and 
alkyl; 

R12 is selected from the group consisting of —NR13R14, 
hydroxy, —C(O)R15, aryl, heteroaryl, —N+(O_)R13R14, 
—N(OH)R13, and —NHC(O)R“ (Wherein R“ is unsubsti 
tuted alkyl, haloalkyl, or aralkyl); 

R13 and R14 are independently selected from the group 
consisting of hydrogen, alkyl, cyanoalkyl, cycloalkyl, aryl 
and heteroaryl; or 

R13 and R14 may combine to form a heterocyclo group; 
R15 is selected from the group consisting of hydrogen, 

hydroxy, alkoxy and aryloxy; 
R16 is selected from the group consisting of hydroxy, 

—C(O)R15, —NR13R14 and —C(O)NR13R14; 
R17 is selected from the group consisting of alkyl, 

cycloalkyl, aryl and heteroaryl; 
R20 is alkyl, aryl, aralkyl or heteroaryl; and 
n and r are independently 1, 2, 3, or 4; 

or a pharmaceutically acceptable salt thereof. 
Preferably, R1 is selected from the group consisting of 

hydrogen, halo, alkyl, cyclkoalkyl, aryl, heteroaryl, 
heteroalicyclic, hydroxy, alkoxy, —C(O)R15, —NR13R14, 
—(CH2),R16 and —C(O)NR8R9; 

R2 is selected from the group consisting of hydrogen, 
halo, alkyl, trihalomethyl, hydroxy, alkoxy, —NR13R14, 
—NR13C(O)R14, —C(O)R15, aryl, heteroaryl, and —S(O)2 
NR13R14; 

R3 is selected from the group consisting of hydrogen, 
halogen, alkyl, trihalomethyl, hydroxy, alkoxy, —(CO)R15, 
—NR13R14, aryl, heteroaryl, —NR13S(O)2R14, —S(O)2 
NR13R14, —NR13C(O)R14, and —NR13C(O)R14; 
R4 is selected from the group consisting of hydrogen, 

halogen, alkyl, hydroxy, alkoxy and —NR13R14; 
R5 is selected from the group consisting of hydrogen, 

alkyl and —C(O)R1O; 
R6 is selected from the group consisting of hydrogen, 

alkyl and —C(O)R1O; 
R7 is selected from the group consisting of hydrogen, 

alkyl, aryl, heteroaryl, —C(O)R17 and —C(O)R1O; 
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R6 and R7 may combine to form a group selected from the 
group consisting of —(CH2)4—, —(CH2)5— and 
—(CH2)6—; With the proviso that at least one of R5, R6 or 
R7 must be —C(O)R1O; 

R8 and R9 are independently selected from the group 
consisting of hydrogen, alkyl and aryl; 

R10 is selected from the group consisting of hydroXy, 
alkoXy, aryloXy, —N(R11) (CH2)nR12 and —NR13R14; 

R11 is selected from the group consisting of hydrogen and 
alkyl; 

R12 is selected from the group consisting of —NR13R14, 
hydroXy, —C(O)R15, aryl and heteroaryl; 

R13 and R14 are independently selected from the group 
consisting of hydrogen, alkyl, cycloalkyl, aryl and het 
eroaryl; 

R13 and R14 may combine to form a group selected from 
the group consisting of —(CH2)4—, —(CH2)5—, —(CH2)2 
O(CH2)2—> and —(CH2)2N(CH3) (CH2)2—; 

R15 is selected from the group consisting of hydrogen, 
hydroXy, alkoXy and aryloXy; 

R16 is selected from the group consisting of hydroXy, 
—C(O) R15, —NR13R14 and —C(O)NR13R14; 

R17 is selected from the group consisting of alkyl, 
cycloalkyl, aryl and heteroaryl; and 

n and r are independently 1, 2, 3, or 4; 
or a pharmaceutically acceptable salt thereof. 

In a second aspect this invention is directed to a pharma 
ceutical composition comprising one or more compound(s) 
of Formula (I) or a pharmaceutically acceptable salt thereof 
and a pharmaceutically acceptable eXcipient. 

In a third aspect, this invention is directed to a method of 
treating diseases mediated by abnormal protein kinase 
activity, in particular, receptor tyrosine kinases (RTKs), 
non-receptor protein tyrosine kinases (CTKs) and serine/ 
threonine protein kinases (STKs), in an organism, in par 
ticular humans, Which method comprises administering to 
said organism a pharmaceutical composition comprising a 
compound of Formula Such diseases include by Way of 
eXample and not limitation, cancer, diabetes, hepatic 
cirrhosis, cardiovasacular disease such as atherosclerosis, 
angiogenesis, immunological disease such as autoimmune 
disease and renal disease. 

In a fourth aspect, this invention is directed to a method 
of modulating of the catalytic activity of PKs, in particular, 
receptor tyrosine kinases (RTKs), non-receptor protein 
tyrosine kinases (CTKs) and serine/threonine protein 
kinases (STKs), using a compound of this invention Which 
may be carried out in vitro or in vivo. In particular, the 
receptor protein kinase Whose catalytic activity is modulated 
by a compound of this invention is selected from the group 
consisting of EGF, HER2, HER3, HER4, IR, IGF-lR, IRR, 
PDGFRot, PDGFRB, CSFIR, C-Kit, C-fms, Flk-lR, Flk4, 
KDR/Flk-l, Flt-1, FGFR-lR, FGFR-2R, FGFR-3R and 
FGFR-4R. The cellular tyrosine kinase Whose catalytic 
activity is modulated by a compound of this invention is 
selected from the group consisting of Src, Frk, Btk, Csk, 
Abl, ZAP70, Fes/Fps, Fak, Jak, Ack, Yes, Fyn, Lyn, Lck, 
Blk, Hck, Fgr and Yrk. The serine-threonine protein kinase 
Whose catalytic activity is modulated by a compound of this 
invention is selected from the group consisting of CDK2 and 
Raf. 

In a ?fth aspect, this invention is directed to the use of a 
compound of Formula (I) in the preparation of a medicament 
Which is useful in the treatment of a disease mediated by 
abnormal PK activity. 
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In a siXth aspect, this invention is directed to an interme 

diate of Formula (II): 
(II) 

/\ 
\a 
0 

Wherein: 
R5 is selected from the group consisting of hydrogen, 

alkyl and —C(O)R1O; 
R6 is selected from the group consisting of hydrogen, 

alkyl and —C(O)R1O; 
R7 is selected from the group consisting of hydrogen, 

alkyl, aryl, heteroaryl, —C(O)R17 and —C(O)R1O; 
R6 and R7 may combine to form a group selected from the 

group consisting of —(CH2)4—, —(CH2)5— and 
—(CH2)6—; With the proviso that at least one of R5, R6 or 
R7 must be —C(O)R1O; 

R10 is selected from the group consisting of hydroXy, 
alkoXy, aryloXy, —N(R11) (CH2)nR12 and —NR13R14; 

R11 is selected from the group consisting of hydrogen and 
alkyl; 

R12 is selected from the group consisting of —NR13R14, 
hydroXy, —C(O)R15, aryl and heteroaryl; 

R13 and R14 are independently selected from the group 
consisting of hydrogen, alkyl, cyanoalkyl, cycloalkyl, aryl 
and heteroaryl; or 

R13 and R14 may combine to form a heterocyclo group; 
R15 is selected from the group consisting of hydrogen, 

hydroXy, alkoXy and aryloXy; 
R17 is selected from the group consisting of alkyl, 

cycloalkyl, aryl and heteroaryl; and 
n is 1, 2, 3, or 4. 
Preferaby, R5 or R6, in the compound of formula II, is 

—C(O)R1O; 
R6 is selected from the group consisting of hydrogen, and 

alkyl, more preferably hydrogen or methyl; 
R5 is selected from the group consisting of hydrogen, and 

alkyl, more preferably hydrogen or methyl When R6 is 
—COR1O; 

R6 is selected from the group consisting of hydrogen, and 
alkyl, more preferably hydrogen or methyl When R5 is 
—COR1O;; 
R7 is selected from the group consisting of hydrogen, 

alkyl, and aryl, more preferably hydrogen, methyl or phenyl; 
R10 is selected from the group consisting of hydroXy, 

alkoXy, —N(R11) (CH2)nR12 and —NR13R14; 
R11 is selected from the group consisting of hydrogen and 

alkyl, more preferably hydrogen or methyl; 
R12 is selected from the group consisting of —NR13R14; 
R13 and R14 are independently selected from the group 

consisting of hydrogen, or alkyl; or 
R13 and R14 may combine to form a heterocyclo group; 

and 
n is 1, 2 or 3. 
Within the above preferred groups, more preferred groups 

of intermediate compounds are those Wherein R5, R6, R11, 
R12, R13 or R14 are independently groups described in the 
section titled “preferred embodiments” herein beloW. 

In a seventh aspect, this invention is directed to methods 
of preparing compounds of Formula 

Lastly, this invention is also directed to identifying a 
chemical compound that modulates the catalytic activity of 
a protein kinase by contacting cells expressing said protein 
kinase With a compound or a salt of the present invention 
and then monitoring said cells for an effect. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

Unless otherwise stated the following terms used in the 
speci?cation and claims have the meanings discussed beloW: 

“Alkyl” refers to a saturated aliphatic hydrocarbon radical 
including straight chain and branched chain groups of 1 to 
20 carbon atoms (Whenever a numerical range; e.g. “1—20”, 
is stated herein, it means that the group, in this case the alkyl 
group, may contain 1 carbon atom, 2 carbon atoms, 3 carbon 
atoms, etc. up to and including 20 carbon atoms). Alkyl 
groups containing from 1 to 4 carbon atoms are refered to as 
loWer alkyl groups. When said loWer alkyl groups lack 
substituents, they are referred to as unsubstituted loWer alkyl 
groups. More preferably, an alkyl group is a medium siZe 
alkyl having 1 to 10 carbon atoms e.g., methyl, ethyl, propyl, 
2-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, and the like. 
Most preferably, it is a loWer alkyl having 1 to 4 carbon 
atoms e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso 
butyl, or tert-butyl, and the like. The alkyl group may be 
substituted or unsubstituted. When substituted, the substitu 
ent group(s) is preferably one or more, more preferably one 
to three, even more preferably one or tWo substituent(s) 
independently selected from the group consisting of halo, 
hydroXy, unsubstituted loWer alkoXy, aryl optionally substi 
tuted With one or more groups, preferably one, tWo or three 
groups Which are independently of each other halo, hydroXy, 
unsubstituted loWer alkyl or unsubstituted loWer alkoXy 
groups, aryloXy optionally substituted With one or more 
groups, preferably one, tWo or three groups Which are 
independently of each other halo, hydroXy, unsubstituted 
loWer alkyl or unsubstituted loWer alkoXy groups, 6-member 
heteroaryl having from 1 to 3 nitrogen atoms in the ring, the 
carbons in the ring being optionally substituted With one or 
more groups, preferably one, tWo or three groups Which are 
independently of each other halo, hydroXy, unsubstituted 
loWer alkyl or unsubstituted loWer alkoXy groups, 5-member 
heteroaryl having from 1 to 3 heteroatoms selected from the 
group consisting of nitrogen, oxygen and sulfur, the carbon 
and the nitrogen atoms in the group being optionally sub 
stituted With one or more groups, preferably one, tWo or 
three groups Which are independently of each other halo, 
hydroXy, unsubstituted loWer alkyl or unsubstituted loWer 
alkoXy groups, 5- or 6-member heteroalicyclic group having 
from 1 to 3 heteroatoms selected from the group consisting 
of nitrogen, oXygen and sulfur, the carbon and nitrogen (if 
present) atoms in the group being optionally substituted With 
one or more groups, preferably one, tWo or three groups 
Which are independently of each other halo, hydroXy, unsub 
stituted loWer alkyl or unsubstituted loWer alkoXy groups, 
mercapto, (unsubstituted loWer alkyl)thio, arylthio option 
ally substituted With one or more groups, preferably one, 
tWo or three groups Which are independently of each other 
halo, hydroXy, unsubstituted loWer alkyl or unsubstituted 
loWer alkoXy groups, cyano, acyl, thioacyl, O-carbamyl, 
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, 
N-amido, nitro, N-sulfonamido, S-sulfonamido, R18S(O)—, 
R18S(O)2—, —C(O)OR18, R18C(O)O—, and —NR18R19, 
Wherein R18 and R19 are independently selected from the 
group consisting of hydrogen, unsubstituted loWer alkyl, 
trihalomethyl, unsubstituted (C3—C6)cycloalkyl, unsubsti 
tuted loWer alkenyl, unsubstituted loWer alkynyl and aryl 
optionally substituted With one or more, groups, preferably 
one, tWo or three groups Which are independently of each 
other halo, hydroXy, unsubstituted loWer alkyl or unsubsti 
tuted loWer alkoXy groups. 
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Preferably, the alkyl group is substituted With one or tWo 

substituents independently selected from the group consist 
ing of hydroXy, 5 - or 6-member heteroalicyclic group having 
from 1 to 3 heteroatoms selected from the group consisting 
of nitrogen, oXygen and sulfur, the carbon and nitrogen (if 
present) atoms in the group being optionally substituted With 
one or more groups, preferably one, tWo or three groups 
Which are independently of each other halo, hydroXy, unsub 
stituted loWer alkyl or unsubstituted loWer alkoXy groups, 
5-member heteroaryl having from 1 to 3 heteroatoms 
selected from the group consisting of nitrogen, oXygen and 
sulfur, the carbon and the nitrogen atoms in the group being 
optionally substituted With one or more groups, preferably 
one, tWo or three groups Which are independently of each 
other halo, hydroXy, unsubstituted loWer alkyl or unsubsti 
tuted loWer alkoXy groups, 6-member heteroaryl having 
from 1 to 3 nitrogen atoms in the ring, the carbons in the ring 
being optionally substituted With one or more groups, pref 
erably one, tWo or three groups Which are independently of 
each other halo, hydroXy, unsubstituted loWer alkyl or 
unsubstituted loWer alkoXy groups, or —NR18R19, Wherein 
R18 and R19 are independently selected from the group 
consisting of hydrogen, unsubstituted loWer alkyl. Even 
more preferably the alkyl group is substituted With one or 
tWo substituents Which are independently of each other 
hydroXy, dimethylamino, ethylamino, diethylamino, 
dipropylamino, pyrrolidino, piperidino, morpholino, 
piperaZino, 4-loWer alkylpiperaZino, phenyl, imidaZolyl, 
pyridinyl, pyridaZinyl, pyrimidinyl, oXaZolyl, triaZinyl, and 
the like. 

“Cycloalkyl” refers to a 3 to 8 member all-carbon mono 
cyclic ring, an all-carbon 5-member/6-member or 
6-member/6-member fused bicyclic ring or a multicyclic 
fused ring (a “fused” ring system means that each ring in the 
system shares an adjacent pair of carbon atoms With each 
other ring in the system) group Wherein one or more of the 
rings may contain one or more double bonds but none of the 
rings has a completely conjugated pi-electron system. 

Examples, Without limitation, of cycloalkyl groups are 
cyclopropane, cyclobutane, cyclopentane, cyclopentene, 
cycloheXane, cycloheXadiene, adamantane, cycloheptane, 
cycloheptatriene, and the like. A cycloalkyl group may be 
substituted or unsubstituted. When substituted, the substitu 
ent group(s) is preferably one or more, more preferably one 
or tWo substituents, independently selected from the group 
consisting of unsubstituted loWer alkyl, trihaloalkyl, halo, 
hydroXy, unsubstituted loWer alkoXy, aryl optionally substi 
tuted With one or more, preferably one or tWo groups 
independently of each other halo, hydroXy, unsubstituted 
loWer alkyl or unsubstituted loWer alkoXy groups, aryloXy 
optionally substituted With one or more, preferably one or 
tWo groups independently of each other halo, hydroXy, 
unsubstituted loWer alkyl or unsubstituted loWer alkoXy 
groups, 6-member heteroaryl having from 1 to 3 nitrogen 
atoms in the ring, the carbons in the ring being optionally 
substituted With one or more, preferably one or tWo groups 
independently of each other halo, hydroXy, unsubstituted 
loWer alkyl or unsubstituted loWer alkoXy groups, 5 -member 
heteroaryl having from 1 to 3 heteroatoms selected from the 
group consisting of nitrogen, oXygen and sulfur, the carbon 
and nitrogen atoms of the group being optionally substituted 
With one or more, preferably one or tWo groups indepen 
dently of each other halo, hydroXy, unsubstituted loWer alkyl 
or unsubstituted loWer alkoXy groups, 5- or 6-member 
heteroalicyclic group having from 1 to 3 heteroatoms 
selected from the group consisting of nitrogen, oXygen and 
sulfur, the carbon and nitogen (if present) atoms in the group 



US 6,573,293 B2 
9 

being optionally substituted With one or more, preferably 
one or tWo groups independently of each other halo, 
hydroXy, unsubstituted loWer alkyl or unsubstituted loWer 
alkoXy groups, rnercapto,(unsubstituted loWer alkyl)thio, 
arylthio optionally substituted With one or more, preferably 
one or tWo groups independently of each other halo, 
hydroXy, unsubstituted loWer alkyl or unsubstituted loWer 
alkoXy groups, cyano, acyl, thioacyl, O-carbarnyl, 
N-carbarnyl, O-thiocarbarnyl, N-thiocarbarnyl, C-arnido, 
N-arnido, nitro, N-sulfonarnido, S-sulfonarnido, R18S(O)—, 
R18S(O)2—, —C(O)OR18, R18C(O)O—, and —NR18R19 
are as de?ned above. 

“Alkenyl” refers to a loWer alkyl group, as de?ned herein, 
consisting of at least tWo carbon atoms and at least one 
carbon—carbon double bond. Representative examples 
include, but are not limited to, ethenyl, 1-propenyl, 
2-propenyl, 1-, 2-, or 3-butenyl, and the like. 

“Alkynyl” refers to a loWer alkyl group, as de?ned herein, 
consisting of at least tWo carbon atoms and at least one 
carbon—carbon triple bond. Representative examples 
include, but are not limited to, ethynyl, 1-propynyl, 
2-propynyl, 1-, 2-, or 3-butynyl, and the like. 

“Aryl” refers to an all-carbon rnonocyclic or fused-ring 
polycyclic (i.e., rings Which share adjacent pairs of carbon 
atoms) groups of 1 to 12 carbon atoms having a completely 
conjugated pi-electron systern. Examples, without 
limitation, of aryl groups are phenyl, naphthalenyl and 
anthracenyl. The aryl group may be substituted or unsub 
stituted. When substituted, the substituted group(s) is pref 
erably one or more, more preferably one, tWo or three, even 
more preferably one or tWo, independently selected from the 
group consisting of unsubstituted loWer alkyl, trihaloalkyl, 
halo, hydroXy, unsubstituted loWer alkoXy, rnercapto, 
(unsubstituted loWer alkyl)thio, cyano, acyl, thioacyl, 
O-carbarnyl, N-carbarnyl, O-thiocarbarnyl, N-thiocarbarnyl, 
C-arnido, N-arnido, nitro, N-sulfonarnido, S-sulfonarnido, 
R18S(O)—, R18S(O)2—, —C(O)OR18, R18C(O)O—, and 
—NR18R19, With R18 and R19 as de?ned above. Preferably, 
the aryl group is optionally substituted With one or tWo 
substituents independently selected from halo, unsubstituted 
loWer alkyl, trihaloalkyl, hydroXy, rnercapto, cyano, 
N-arnido, mono or dialkylarnino, carboXy, or 
N-sulfonarnido. 

“Heteroaryl” refers to a rnonocyclic or fused ring (i.e., 
rings Which share an adjacent pair of atoms) group of 5 to 
12 ring atorns containing one, tWo, or three ring heteroatorns 
selected from N, O, or S, the remaining ring atorns being C, 
and, in addition, having a completely conjugated pi-electron 
systern. Examples, without limitation, of unsubstituted het 
eroaryl groups are pyrrole, furan, thiophene, irnidaZole, 
oXaZole, thiaZole, pyraZole, pyridine, pyrirnidine, quinoline, 
isoquinoline, purine and carbaZole. The heteroaryl group 
may be substituted or unsubstituted. When substituted, the 
substituted group(s) is preferably one or more, more pref 
erably one, tWo, or three, even more preferably one or tWo, 
independently selected from the group consisting of unsub 
stituted loWer alkyl, trihaloalkyl, halo, hydroXy, unsubsti 
tuted loWer alkoXy, rnercapto,(unsubstituted loWer alkyl) 
thio, cyano, acyl, thioacyl, O-carbarnyl, N-carbarnyl, 
O-thiocarbarnyl, N-thiocarbarnyl, C-arnido, N-arnido, nitro, 
N-sulfonarnido, S-sulfonarnido, R18S(O)—, R18O)2—, 
—C(O)OR18, R18C(O)O—, and —NR18R19, With R18 and 
R19 as de?ned above. Preferably, the heteroaryl group is 
optionally substituted With one or tWo substituents indepen 
dently selected from halo, unsubstituted loWer alkyl, 
trihaloalkyl, hydroXy, rnercapto, cyano, N-arnido, mono or 
dialkylarnino, carboXy, or N-sulfonarnido. 
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“Heteroalicyclic” refers to a rnonocyclic or fused ring 

group having in the ring(s) of 5 to 9 ring atoms in Which one 
or tWo ring atoms are heteroatorns selected from N, O, or 

S(O)n (Where n is an integer from 0 to 2), the remaining ring 
atorns being C. The rings may also have one or more double 
bonds. HoWever, the rings do not have a completely conju 
gated pi-electron systern. EXarnples, without limitation, of 
unsubstituted heteroalicyclic groups are pyrrolidino, 
piperidino, piperaZino, rnorpholino, thiornorpholino, 
hornopiperaZino, and the like. The heteroalicyclic ring may 
be substituted or unsubstituted. When substituted, the sub 
stituted group(s) is preferably one or more, more preferably 
one, tWo or three, even more preferably one or tWo, inde 
pendently selected from the group consisting of unsubsti 
tuted loWer alkyl, trihaloalkyl, halo, hydroXy, unsubstituted 
loWer alkoXy, rnercapto,(unsubstituted loWer alkyl)thio, 
cyano, acyl, thioacyl, O-carbarnyl, N-carbarnyl, 
O-thiocarbarnyl, N-thiocarbarnyl, C-arnido, N-arnido, nitro, 
N-sulfonarnido, S-sulfonarnido, R18S(O)—, R18S(O)2—, 
—C(O)OR18, R18C(O)O—, and —NR18R19, With R18 and 
R19 as de?ned above. Preferably, the heteroalicyclic group is 
optionally substituted With one or tWo substituents indepen 
dently selected from halo, unsubstituted loWer alkyl, 
trihaloalkyl, hydroXy, rnercapto, cyano, N-arnido, mono or 
dialkylarnino, carboXy, or N-sulfonarnido. 

Preferably, the heteroalicyclic group is optionally substi 
tuted With one or tWo substituents independently selected 
from halo, unsubstituted loWer alkyl, trihaloalkyl, hydroXy, 
rnercapto, cyano, N-arnido, mono or dialkylarnino, carboXy, 
or N-sulfonarnido. 

“Heterocycle” means a saturated cyclic radical of 3 to 8 
ring atoms in Which one or tWo ring atoms are heteroatorns 
selected from N, O, or S(O)n (Where n is an integer from 0 
to 2), the remaining ring atorns being C, Where one or tWo 
C atoms may optionally be replaced by a carbonyl group. 
The heterocyclyl ring may be optionally substituted inde 
pendently With one, tWo, or three substituents selected from 
optionally substituted loWer alkyl (substituted With 1 or 2 
substituents independently selected from carboXy or ester), 
haloalkyl, cyanoalkyl, halo, nitro, cyano, hydroXy, alkoXy, 
arnino, rnonoalkylarnino, dialkylarnino, aralkyl, 
heteroaralkyl, —COR (Where R is alkyl) or —COOR Where 
R is (hydrogen or alkyl). More speci?cally the term hetero 
cyclyl includes, but is not limited to, tetrahydropyranyl, 
2,2-dirnethyl-1,3-dioXolane, piperidino, N-rnethylpiperidin 
3-yl, piperaZino, N-rnethylpyrrolidin 3-yl, 3-pyrrolidino, 
rnorpholino, thiornorpholino, thiornorpholino-1-oXide, thio 
rnorpholino 1,1-dioXide, 4-ethyloXycarbonylpiperaZino, 
3-oXopiperaZino, 2-irnidaZolidone, 2-pyrrolidinone, 
2-oXohornopiperaZino, tetrahydropyrirnidin-2-one, and the 
derivatives thereof. Preferably, the heterocycle group is 
optionally substituted With one or tWo substituents indepen 
dently selected from halo, unsubstituted loWer alkyl, loWer 
alkyl substituted With carboXy, ester, hydroXy, mono or 
dialkylarnino. 

“HydroXy” refers to an —OH group. 

“AlkoXy” refers to both an —O-(unsubstituted alkyl) and 
an —O-(unsubstituted cycloalkyl) group. Representative 
examples include, but are not limited to, e.g., rnethoXy, 
ethoXy, propoXy, butoXy, cyclopropyloXy, cyclobutyloXy, 
cyclopentyloXy, cycloheXyloXy, and the like. 

“AryloXy” refers to both an —O-aryl and an 
—O-heteroaryl group, as de?ned herein. Representative 
examples include, but are not limited to, phenoXy, 
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pyridinyloXy, furanyloXy, thienyloXy, pyrimidinyloXy, 
pyraZinyloXy, and the like, and derivatives thereof. 

“Mercapto” refers to an —SH group. 

“Alkylthio” refers to both an —S-(unsubstituted alkyl) 
and an —S-(unsubstituted cycloalkyl) group. Representative 
examples include, but are not limited to, e.g., methylthio, 
ethylthio, propylthio, butylthio, cyclopropylthio, 
cyclobutylthio, cyclopentylthio, cycloheXylthio, and the 
like. 

“Arylthio” refers to both an —S-aryl and an 
—S-heteroaryl group, as de?ned herein. Representative 
eXamples include, but are not limited to, phenylthio, 
pyridinylthio, furanylthio, thientylthio, pyrimidinylthio, and 
the like and derivatives thereof. 

“Acyl” refers to a —C(O)—R“ group, Where R“ is 
selected from the group consisting of hydrogen, unsubsti 
tuted loWer alkyl, trihalomethyl, unsubstituted cycloalkyl, 
aryl optionally substituted With one or more, preferably one, 
tWo, or three substituents selected from the group consisting 
of unsubstituted loWer alkyl, trihalomethyl, unsubstituted 
loWer alkoXy, halo and —NR18 R19 groups, heteroaryl 
(bonded through a ring carbon) optionally substituted With 
one or more, preferably one, tWo, or three substitutents 
selected from the group consisting of unsubstituted loWer 
alkyl, trihaloalkyl, unsubstituted loWer alkoXy, halo and 
—NR18R19 groups and heteroalicyclic (bonded through a 
ring carbon) optionally substituted With one or more, pref 
erably one, tWo, or three substituents selected from the 
group consisting of unsubstituted loWer alkyl, trihaloalkyl, 
unsubstituted loWer alkoXy, halo and —NR18R19 groups. 
Representative acy groups include, but are not limited to, 
acetyl, tri?uoroacetyl, benZoyl, and the like 

“Aldehyde” refers to an acyl group in Which R“ is 
hydrogen. 

“Thioacyl” refers to a —C(S)—R“ group, With R“ as 
de?ned herein. 

“Ester” refers to a —C(O)O—R“ group With R“ as 
de?ned herein eXcept that R“ cannot be hydrogen. 

“Acetyl” group refers to a —C(O)CH3 group. 
“Halo” group refers to ?uorine, chlorine, bromine or 

iodine, preferably ?uorine or chlorine. 
“Trihalomethyl” group refers to a —CX3 group Wherein 

X is a halo group as de?ned herein. 

“Trihalomethanesulfonyl” group refers to a X3CS 
(=O)2— groups With X as de?ned above. 

“Cyano” refers to a —(‘EN group. 

“MethylenedioXy” refers to a —OCH2O— group Where 
the tWo oXygen atoms are bonded to adjacent carbon atoms. 

“EthylenedioXy” group refers to a —OCH2CH2O— 
Where the tWo oXygen atoms are bonded to adjacent carbon 
atoms. 

“S-sulfonamido” refers to a —S(O)2NR18R19 group, With 
R18 and R19 as de?ned herein. 

“N-sulfonamido” refers to a —NR18S(O)2R19 group, With 
R18 and R19 as de?ned herein. 

“O-carbamyl” group refers to a —OC(O)NR18R19 group 
With R18 and R19 as de?ned herein. 

“N-carbamyl” refers to an R18OC(O)NR19— group, With 
R18 and R19 as de?ned herein. 

“O-thiocarbamyl” refers to a —OC(S)NR18R19 group 
With R18 and R19 as de?ned herein. 

“N-thiocarbamyl” refers to a R18OC(S)NR19— group, 
With R18 and R19 as de?ned herein. 

“Amino” refers to an —NR18R19 group, Wherein R18 and 
R19 are both hydrogen. 

1O 
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12 
“C-amido” refers to a —C(O)NR18R19 group With R18 

and R19 as de?ned herein. 

“N-amido” refers to a R18C(O)NR19— group, With R18 
and R19 as de?ned herein. 

“Nitro” refers to a —NO2 group. 
“Haloalkyl” means an unsubstituted alkyl, preferably 

unsubstituted loWer alkyl as de?ned above that is substituted 
With one or more same or different halo atoms, e.g., 

—CHZCl, —CF3, —CH2CF3, —CH2CCl3, and the like. 
“Aralkyl” means unsubstituted alkyl, preferably unsub 

stituted loWer alkyl as de?ned above Which is substituted 
With an aryl group as de?ned above, e.g., —CHZphenyl, 
—(CH2)2phenyl, —(CH2)3phenyl, CH3CH(CH3) 
CHZphenyl, and the like and derivatives thereof. 

“Heteroaralkyl” group means unsubstituted alkyl, prefer 
ably unsubstituted loWer alkyl as de?ned above Which is 
substituted With a heteroaryl group, e.g., —CHZpyridinyl, 
—(CH2)2pyrimidinyl, —(CH2)3imidaZolyl, and the like, 
and derivatives thereof. 
“Monoalkylamino” means a radical —NHR Where R is an 

unsubstitued alkyl or unsubstituted cycloalkyl group as 
de?ned above, e.g., methylamino, (1-methylethyl)amino, 
cycloheXylamino, and the like. 

“Dialkylamino” means a radical —NRR Where each R is 
independently an unsubstitued alkyl or unsubstituted 
cycloalkyl group as de?ned above, e.g., dimethylamino, 
diethylamino, (1-methylethyl)-ethylamino, 
cycloheXylmethylamino, cyclopentylmethylamino, and the 
like. 

“Cyanoalkyl” means unsubstituted alkyl, preferably 
unsubstituted loWer alkyl as de?ned above, Which is sub 
stituted With 1 or 2 cyano groups. 

“Optional” or “optionally” means that the subsequently 
described event or circumstance may but need not occur, and 
that the description includes instances Where the event or 
circumstance occurs and instances in Which it does not. For 
eXample, “heterocycle group optionally substituted With an 
alkyl group” means that the alkyl may but need not be 
present, and the description includes situations Where the 
heterocycle group is substituted With an alkyl group and 
situations Where the heterocyclo group is not substituted 
With the alkyl group. 
The terms “2-indolinone”,“indolin-2-one” and 

“2-oXindole” are used interchangeably herein to refer to a 
molecule having the chemical structure: 

/ 
R124— 0 

\ N 

The term “pyrrole” refers to a molecule having the 
chemical structure: 

yd T 

The term “pyrrole substituted 2-indolinone” and 
“3-pyrrolidenyl-2-indolinone” are used interchangeably 
herein to refer to a chemical compound having the general 
structure shoWn in Formula 
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Compounds that have the same molecular formula but 
differ in the nature or sequence of bonding of their atoms or 
the arrangement of their atoms in space are termed “iso 
mers”. Isomers that differ in the arrangement of their atoms 
in space are termed “stereoisomers”. Stereoisomers that are 
not mirror images of one another are termed “diastereomers” 
and those that are non-superimposable mirror images of 
each other are termed “enantiomers”. When a compound has 
an asymmetric center, for example, it is bonded to four 
different groups, a pair of enantiomers is possible. An 
enantiomer can be characteriZed by the absolute con?gura 
tion of its asymmetric center and is described by the R- and 
S-sequencing rules of Cahn and Prelog, or by the manner in 
Which the molecule rotates the plane of polariZed light and 
designated as dextrorotatory or levorotatory (i.e., as (+) or 
(—)-isomers respectively). A chiral compound can exist as 
either individual enantiomer or as a mixture thereof. A 
mixture containing equal proportions of the enantiomers is 
called a “racemic mixture”. 

The compounds of this invention may possess one or 
more asymmetric centers; such compounds can therefore be 
produced as individual (R)- or (S)-stereoisomers or as 
mixtures thereof. For example, if the R6 substituent in a 
compound of formula (I) is 2-hydroxyethyl, then the carbon 
to Which the hydroxy group is attached is an asymmetric 
center and therefore the compound of Formula (I) can exist 
as an (R)- or (S)-stereoisomer. Unless indicated otherWise, 
the description or naming of a particular compound in the 
speci?cation and claims is intended to include both indi 
vidual enantiomers and mixtures, racemic or otherWise, 
thereof. The methods for the determination of stereochem 
istry and the separation of stereoisomers are Well-knoWn in 
the art (see discussion in Chapter 4 of “Advanced Organic 
Chemistry”, 4th edition J. March, John Wiley and Sons, 
NeW York, 1992). 

The compounds of Formula (I) may exhibit the phenom 
ena of tautomerism and structural isomerism. For example, 
the compounds described herein may adopt an E or a Z 
con?guration about the double bond connecting the 
2-indolinone moiety to the pyrrole moiety or they may be a 
mixture of E and Z. This invention encompasses any tau 
tomeric or structural isomeric form and mixtures thereof 
Which possess the ability to modulate RTK, CTK and/or 
STK activity and is not limited to any one tautomeric or 
structural isomeric form. 
A “pharmaceutical composition” refers to a mixture of 

one or more of the compounds described herein, or 
physiologically/pharmaceutically acceptable salts or pro 
drugs thereof, With other chemical components, such as 
physiologically/pharmaceutically acceptable carriers and 
excipients. The purpose of a pharmaceutical composition is 
to facilitate administration of a compound to an organism. 

The compound of Formula (I) may also act as a prodrug. 
A “prodrug” refers to an agent Which is converted into the 
parent drug in vivo. Prodrugs are often useful because, in 
some situations, they may be easier to administer than the 
parent drug. They may, for instance, be bioavailable by oral 
administration Whereas the parent drug is not. The prodrug 
may also have improved solubility in pharmaceutical com 
positions over the parent drug. An example, Without 
limitation, of a prodrug Would be a compound of the present 
invention Which is administered as an ester (the “prodrug”) 
to facilitate transmittal across a cell membrane Where Water 
solubility is detrimental to mobility but then is metabolically 
hydrolyZed to the carboxylic acid, the active entity, once 
inside the cell Where Water solubility is bene?cial. 
A further example of a prodrug might be a short 

polypeptide, for example, Without limitation, a 2—10 amino 
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acid polypeptide, bonded through a terminal amino group to 
a carboxy group of a compound of this invention Wherein the 
polypeptide is hydrolyZed or metaboliZed in vivo to release 
the active molecule. The prodrugs of a compound of For 
mula (I) are Within the scope of this invention. 

Additionally, it is contemplated that a compound of 
Formula (I) Would be metaboliZed by enZymes in the body 
of the organism such as human being to generate a metabo 
lite that can modulate the activity of the protein kinases. 
Such metabolites are Within the scope of the present inven 
tion. 
As used herein, a “physiologically/pharmaceutically 

acceptable carrier” refers to a carrier or diluent that does not 
cause signi?cant irritation to an organism and does not 
abrogate the biological activity and properties of the admin 
istered compound. 
An “pharmaceutically acceptable excipient” refers to an 

inert substance added to a pharmaceutical composition to 
further facilitate administration of a compound. Examples, 
Without limitation, of excipients include calcium carbonate, 
calcium phosphate, various sugars and types of starch, 
cellulose derivatives, gelatin, vegetable oils and polyethyl 
ene glycols. 
As used herein, the term “pharmaceutically acceptable 

salt” refers to those salts Which retain the biological effec 
tiveness and properties of the parent compound. Such salts 
include: 

(i) acid addition salt Which is obtained by reaction of the 
free base of the parent compound With inorganic acids such 
as hydrochloric acid, hydrobromic acid, nitric acid, phos 
phoric acid, sulfuric acid, and perhcloric acid and the like, 
or With organic acids such as acetic acid, oxalic acid, (D) or 
(L) malic acid, maleic acid, methanesulfonic acid, ethane 
sulfonic acid, p-toluenesulfonic acid, salicylic acid, tartaric 
acid, citric acid, succinic acid or malonic acid and the like, 
preferably hydrochloric acid or (L)-malic acid such as the 
L-malate salt of 5-(5-?uoro-2-oxo-1,2-dihydroindol-3 
ylidenemethyl)-2,4-dimethyl-1H-pyrrole-3-carboxylic acid 
(2-diethylaminoethyl)amide; or 

(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 such as ethanolamine, 
diethanolamine, triethanolamine, tromethamine, 
N-methylglucamine, and the like. 
“PK” refers to receptor protein tyrosine kinase (RTKs), 

non-receptor or “cellular” tyrosine kinase (CTKs) and 
serine-threonine kinases (STKs). 

“Method” refers to manners, means, techniques and pro 
cedures for accomplishing a given task including, but not 
limited to, those manners, means, techniques and procedures 
either knoWn to, or readily developed from knoWn manners, 
means, techniques and procedures by, practitioners of the 
chemical, pharmaceutical, biological, biochemical and 
medical arts. 

“Modulation” or “modulating” refers to the alteration of 
the catalytic activity of RTKs, CTKs and STKs. In 
particular, modulating refers to the activation of the catalytic 
activity of RTKs, CTKs and STKs, preferably the activation 
or inhibition of the catalytic activity of RTKs, CTKs and 
STKs, depending on the concentration of the compound or 
salt to Which the RTK, CTK or STK is exposed or, more 
preferably, the inhibition of the catalytic activity of RTKs, 
CTKs and STKs. 

“Catalytic activity” refers to the rate of phosphorylation 
of tyrosine under the in?uence, direct or indirect, of RTKs 
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and/or CTKs or the phosphorylation of serine and threonine 
under the in?uence, direct or indirect, of STKs. 

“Contacting” refers to bringing a compound of this inven 
tion and a target PK together in such a manner that the 
compound can affect the catalytic activity of the PK, either 
directly, i.e., by interacting With the kinase itself, or 
indirectly, i.e., by interacting With another molecule on 
Which the catalytic activity of the kinase is dependent. Such 
“contacting” can be accomplished “in vitro,” i.e., in a test 
tube, a petri dish or the like. In a test tube, contacting may 
involve only a compound and a PK of interest or it may 
involve Whole cells. Cells may also be maintained or groWn 
in cell culture dishes and contacted With a compound in that 
environment. In this context, the ability of a particular 
compound to affect a PK related disorder, i.e., the IC5O of the 
compound, de?ned beloW, can be determined before use of 
the compounds in vivo With more complex living organisms 
is attempted. For cells outside the organism, multiple meth 
ods exist, and are Well-known to those skilled in the art, to 
get the PKs in contact With the compounds including, but not 
limited to, direct cell microinjection and numerous trans 
membrane carrier techniques. 

“In vitro” refers to procedures performed in an arti?cial 
environment such as, e.g., Without limitation, in a test tube 
or culture medium. 

“In vivo” refers to procedures performed Within a living 
organism such as, Without limitation, a mouse, rat or rabbit. 

“PK related disorder,” “PK driven disorder,” and “abnor 
mal PK activity” all refer to a condition characteriZed by 
inappropriate, i.e., under or, more commonly, over, PK 
catalytic activity, Where the particular PK can be an RTK, a 
CTK or an STK. Inappropriate catalytic activity can arise as 
the result of either: (1) PK expression in cells Which nor 
mally do not express PKs, (2) increased PK expression 
leading to unWanted cell proliferation, differentiation and/or 
groWth, or, (3) decreased PK expression leading to unWanted 
reductions in cell proliferation, differentiation and/or 
groWth. Over-activity of a PK refers to either ampli?cation 
of the gene encoding a particular PK or production of a level 
of PK activity Which can correlate With a cell proliferation, 
differentiation and/or groWth disorder (that is, as the level of 
the PK increases, the severity of one or more of the 
symptoms of the cellular disorder increases). Under-activity 
is, of course, the converse, Wherein the severity of one or 
more symptoms of a cellular disorder increase as the level of 
the PK activity decreases. 

“Treat”, “treating” and “treatment” refer to a method of 
alleviating or abrogating a PK mediated cellular disorder 
and/or its attendant symptoms. With regard particularly to 
cancer, these terms simply mean that the life expectancy of 
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an individual affected With a cancer Will be increased or that 
one or more of the symptoms of the disease Will be reduced. 

“Organism” refers to any living entity comprised of at 
least one cell. A living organism can be as simple as, for 
example, a single eukariotic cell or as complex as a 
mammal, including a human being. 

“Therapeutically effective amount” refers to that amount 
of the compound being administered Which Will relieve to 
some extent one or more of the symptoms of the disorder 
being treated. In reference to the treatment of cancer, a 
therapeutically effective amount refers to that amount Which 
has the effect of: 

(1) reducing the siZe of the tumor; 
(2) inhibiting (that is, sloWing to some extent, preferably 

stopping) tumor metastasis; 
(3) inhibiting to some extent (that is, sloWing to some 

extent, preferably stopping) tumor groWth, and/or, 
(4) relieving to some extent (or, preferably, eliminating) 

one or more symptoms associated With the cancer. 

“Monitoring” means observing or detecting the effect of 
contacting a compound With a cell expressing a particular 
PK. The observed or detected effect can be a change in cell 
phenotype, in the catalytic activity of a PK or a change in the 
interaction of a PK With a natural binding partner. Tech 
niques for observing or detecting such effects are Well 
knoWn in the art. 

The above-referenced effect is selected from a change or 
an absence of change in a cell phenotype, a change or 
absence of change in the catalytic activity of said protein 
kinase or a change or absence of change in the interaction of 
said protein kinase With a natural binding partner in a ?nal 
aspect of this invention. 

“Cell phenotype” refers to the outWard appearance of a 
cell or tissue or the biological function of the cell or tissue. 
Examples, Without limitation, of a cell phenotype are cell 
siZe, cell groWth, cell proliferation, cell differentiation, cell 
survival, apoptosis, and nutrient uptake and use. Such phe 
notypic characteristics are measurable by techniques Well 
knoWn in the art. 

“Natural binding partner” refers to a polypeptide that 
binds to a particular PK in a cell. Natural binding partners 
can play a role in propagating a signal in a PK-mediated 
signal transduction process. A change in the interaction of 
the natural binding partner With the PK can manifest itself as 
an increased or decreased concentration of the PK/natural 
binding partner complex and, as a result, in an observable 
change in the ability of the PK to mediate signal transduc 
tion. 

Representative compounds of the present invention are 
shoWn in Table I beloW. 














































































































































































































































