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Abstract

The present invention relates to pyrrole substituted 2-indolinone
compounds:
\
7
R N—CH(R?)- CR*(OH)- CH(R%)Z
H H
N I\
N R

4
NS N/\ O
H
(D)

5 wherein R'" R?> R’ R* R® R®° R’ and Z are as defined herein. and their
pharmaceutically acceptable salts which modulate the activity of protein kinases

and therefore are expected to be useful in the prevention or treatment of protein

kinase related cellular disorders such as cancer.
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3- (4-AMIDOPYRROL-2-YIMETHYLIDENE) ~2-INDOLINONE DERIVATIVES AS
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PROTEIN KINASE INHIBITORS

PRIORITY APPLICATIONS

BACKGROUND OF THE INVENTION

Field of Invention

The present invention relates to certain 3-(4-
amidopyrrol-2-ylmethylidene)-2-indolinone derivatives 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 pharmaceutical compositions comprising

these compounds and methods of preparing them are also

disclosed.

State of the Art
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 relatively 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
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kinases (STKs).

One of the prime aspects of PTK activity is their
involvement with growth factor receptors. Growth factor
receptors are cell-surface proteins. When bound by a érowth
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 i1nside the cell of complexes with é variety of
cytoplasm signaling molecules that, in turn, effect numerous
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)

Growth factor receptors with PTK activity are known as
receptor tyrosine kinases ("RTKs"). They comprise a lgrge
family of transmembrane receptors with diverse biological
activity. At present, at least nineteen (19) distinct
subfamilies of RTKs have been identified. 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
cytoplasm catalytic domain that can phosphoryléte 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-1lR interact with

insulin, IGF-I and IGF-II to form a heterotetramer of two
entirely extracellular glycosylated a subunits and two B

subunits which cross the cell membrane and which contain the
tvrosine kinase domain.
A third RTK subfamily is referred to as the platelet

derived growth factor receptor ("PDGFR") group, which includes
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PDGFRa, PDGFRB, CSFIR, c-kit and c-fms. These receptors

.

consist of glycosylated extracellular domains composed of
variable numbers of immunoglobin-like loops and an
intracelluiar domain whereln the tyrosine kinase domain is
5 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 ("flk") receptor subfamily. This group
is believed to be made up of kinase insert domain-receptor
10 fetal liver kinase-~1 (KDR/FLK-1, VEGF-R2), flk-1R, flk-4 and
fras-like tyrosine kinase 1 (flt-1).

A further member of the tyrosine kinase growth factor
receptor family is the fibroblast growth factor ("FGF")
receptor subgroup. This group consists of four receptors,

15 FGFR1-4, and seven ligands, FGFl-7. While not yet well
defined, it appears that the receptors consist of a
glycosylated extracellular domain containing a variable number
of immunoglobin-like loops and an intracellular domain in
which the tyrosine kinase sequence is interrupted by regions
20 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 glycdprotein
similar to PDGF but has different biological functions and

25 target cell specificity in vivo. In particular, VEGF 1is

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&P, 7(6):334-339 (1994)
30

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
35 designation, abbreviated "CTK," will be used herein. CTKs do

not contain extracellular and transmembrane domains. At
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present, over 24 CTKs in 11 subfamilies (Src, Frk, Btk, Csk,

Abl, Zap70, Fes, Fps, Fak, Jak and Ack) have been identified.
The Src subfamily appear so far to be the largest group of
CTKs and 1includes Src, Yes, Fyn, Lyn, Lck, Blk, Hck, Fgr and

Yrk. For a more detalled discussion of CTKs, see Bolen,

Oncogene, 8:2025-2031 (1993),

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; 1.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, significantly, 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 inflammatory disdrders,
immunological disorders such as autoimmune disease,
cardiovascular disease such as atherosclerosis and a variety
of renal disorders.

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,
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transmembrane growth factor PTK receptors (RTKs), cytoplasmic

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. 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
compounds (PCT WO 92/20642), vinyleneazaindole derivatives
(PCT WO 94/14808) and l-cyclopropyl-4-pyridylgquinolones (U.S.
Pat. No. 5,330,992) have been described as tyrosine kinase
inhibitors. Styryl compounds (U.S. Pat. No. 5,217,999),
styryl-substituted pyridyl compounds (U.S. Pat. No.
5,302,606), guinazoline derivatives (EP App. No.0O 566 266 Al),
selenailndoles and selenides (PCT WO 94/03427), tricyclic
polyvhydroxylic compounds (PCT WO 92/21660) and
benzylphosphonic acid compounds (PCT WO 91/15495) have all

been described as PTK inhibitors useful in the treatment of

callcer.

SUMMARY OF THE INVENTION

The preéent invention 1s directed to certain 3-(4-

amidopyrrol-2~ylmethylidene)-2-indolinone derivatives which
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exhibit PK modulating ability and are therefore useful in
treating disorders related to abnormal PK activity.

.One embodiment of this invention is a compound of Formula

(1) :
O
R7
E-—CH(Rs)-oCR“(OH)-CH(RS)Z
y . |
) B
o/
Re—- | H
X N O
H
(I)
wherein:

R! is selected from the group consisting of hydrogen,
halo, alkyl, haloalkoxy, cycloalkyl, heterocalicyclic, hydroxy,
alkoxy, -C(0)R’, -NR’R' and -C(0)NR'“RY;

R’ is selected from the group consisting of hydrogen,
halo, alkyl, trihalomethyl, hydroxy, alkoxy, cyano, -NR°RC,
-NR9C(O)R1°, —C(O)RS, -S (0) ,NR’R*® and -S0O,R* (wherein RY is
alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl);

R’, R® and R® are independently hydrogen or alkyl;

Z 1s aryl, heterocaryl, heterocycle, or ~-NRPPR*® wherein R1>

and R'® are independently hydrogen or alkyl; or R*® and R'®

together with the nitrogen atom to which they are attached from a

heterocycloamino group;

R® is selected from the group consisting of hydrogen or
alkyl;

R’ is selected from the group consisting of hydrogen,
alkyl, aryl, heterocaryl, and -C (0)RY7; |

R® is selected from the group consisting of hydroxy,
alkoxy, and arvloxy:;

R’ and R' are independently selected from the group

consisting of hydrogen, alkyl, cyanoalkyl, cycloalkyl, aryl
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and heteroaryl; or

R? and R combine to form a heterocycloamino group;

R'? and R are independently selected from the group consisting of
hydrogen, alkyl, hydroxyalkyl, and aryl; or R'* and R'® together with the nitrogen atom

5 to which they are attached form a heterocycloamino;

R'" is selected from the group consisting of hydroxy, alkyl, cycloalkyl,

aryl and heteroaryl,
or a pharmaceutically acceptable salt thereof.

Another embodiment is a compound of Formula | wherein
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R is selected from the group consisting of hydrogen, halo, C,-C,, alkyl, C4-C, haloalkoxy, C,-Cq4 monocyclic
cycloalkyl, [5,6]- or [6,6]-fused bicyclic cycloalkyl, adamantyl, a 5-9 member heteroalicyclic group having 1 or
2 heteroatoms selected from N, O or -§(0),, where n = 0-2, hydroxy, C,-C,, alkoxy, unsubstituted C,-Cq cy-
cloalkoxy, -C(0)-R8, -NR°R10 and -C(O)NR12R13;

R< s selected from the group consisting of hydrogen, halo, C4-Cy, alkyl, trihalomethyl, hydroxy, C,-C,q alkoxy,
unsubstituted C5-Cg cycloalkoxy, cyano, -NRR19, -NR3C(O)R10, -C(O)R8, -S(0),NR®R10 and -SO,R14
(wherein R4 is C,-C, alkyl, C¢-C4, aryl, C4-C, alkyl substituted with C4-C,, aryl, 5-12 member heteroaryl
having 1-4 ring heteroatoms selected from N, O or S, and C4-C, alkyl substituted with 5-12 member heteroaryl
having 1-4 ring heteroatoms selected from N, O or S) ;

RS, R* and RS are independently hydrogen or C-Cy, alky!:

L Is Cg-Cy5 aryl, 5-12 member heteroaryl having 1-4 ring heteroatoms selected from N, O or S, 3-8 member
saturated heterocyclyl having 1 or 2 ring heteroatoms selectedfromN, O, or S(O),, where n=0-2, and -NR15R16
wherein RS and R6 are independently hydrogen or C,-C., alkyl; or R15 and R16 together with the nitrogen
atom to which they are attached form a 3-8 member heterocycloamino group optionally having 1 or 2 additional
ring heteroatoms selected from N, O, or S(O), where n = 0-2;

R® is selected from the group consisting of hydrogen or C4-Cq alkyl;

R’ is selected from the group consisting of hydrogen, C4-C .4 alkyl, Cg-C45 aryl, 5-12 member heteroaryl having
1-4 ring heteroatoms selected from N, O or S, and -C(O)R17 as defined below:

R® is selected from the group consisting of hydroxy, C4-Cyp alkoxy, unsubstituted C4-Cg cycloalkoxy, Cg-C
aryloxy, and 5-12 member heteroaryloxy having 1-4 ring heteroatoms selected from N, O or S:

RY and R1%are independently selected from the group consisting of hydrogen, C,-C,4 alkyl, C,-C, cyanoalkyl,
C4-Cg monocyclic cycloalkyl, [5,6]- or [6,6]-fused bicyclic cycloalkyl, adamantyl, C4-C4, aryl and 5-12 member
heteroaryl having 1-4 ring heteroatoms selected from N, O or S; or R® and R10 combine to form a 3-8 member
heterocycloamino group optionally having 1 or 2 additional ring heteroatoms selected from N, O, or S(O)
where n = 0-2;

R12and R'® are independently selected from the group consisting of hydrogen, C,-C,, alkyl, C4-Co hydroxy-
alkyl, and Cg-C4, aryl; or R12 and R13 together with the nitrogen atom to which they are attached form a 3-8
member heterocycloamino group optionally having 1 or 2 additional ring heteroatoms selected from N, O, or
S(O),, where n = 0-2;

R17 is selected from the group consisting of C4-C44 alkyl, Co-Cq monocyclic cycloalkyl, [5,6]- or 6,6]-fused
bicyclic cycloalkyl, adamantyl, Cg-C, aryl, hydroxy and 5-12 member heteroaryl having 1-4 ring heteroatoms

n

a
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selected from N, O or S:

or a pharmacedutically acceptable salt thereof;
provided that the compound is not

N N\
DA

O

o A 4

and wherein

C4-C4p alkyl may be substituted or unsubstituted, and when substituted the substituent group(s) is selected
from halo, hydroxy, G4-C4 alkoxy, Cg-C 5 aryl, Cg-C45 aryloxy, 5-12 member heteroaryl having 1-4 ring heteroatoms
selected from N, O or S, a 5-9 member heteroalicyclic group having 1 or 2 heteroatoms selected from N, O or -S
(0),, where n = 0-2, -C(O)R8, -NR9R10 and -C(O)NRSR19;

C5-Cg monocyclic cycloalkyl, [5,6]-or [6,6]-fused bicyclic cycloalkyl, and adamantyl may be substituted or
unsubstituted, and when substituted the substituent group(s) is one or two groups independently selected from
C4-C4 alkyl, C4-C4 trihaloalkyl, halo, hydroxy, C,-C, alkoxy, Cg-Cy, aryl, C4-Cy, aryloxy, 6 member heteroaryl
having 1-3 ring nitrogen atoms, 5 member heteroaryl having 1-3 heteroatoms selected from N, O or S, a5 or 6
member heteroalicyclic group having 1-3 heteroatoms selected from N, O or S, mercapto, C4-C, S-alkyl, C4-C45
S-aryl, cyano, -G(O)-R", -C(S)-R", -OC(O)NR'2R13, RSQOC(O)NR10-, -OC(S)NR12R13, RSOC(S)NR10-, -C(O)
NRPR10, RIC(O)NR10-, nitro, NRIS(0),R10, -S(O),NR®R19, R8S(0)-, R9S(0),-, C(O)OR?, RC(0)O-, and
-NROR10:

Cg-C45 aryl may be substituted or unsubstituted, and when substituted the substituent group(s) is one or two
groups independently selected from halo, C4-C, alkyl, C+-C, trihaloalkyl, hydroxy, mercapto, cyano, carboxy, NR®S
(0)oR1%, R9C(O)NR10-, -NHR or -NRR where R is C4-C, alkyl, C5-Co monocyclic cycloalkyl; [5,6]- or [6,6]-fused
bicyclic cycloalkyl, or adamantyi;

5-12 member heteroaryl may be substituted or unsubstituted, and when substituted the substituent group(s)
is defined as for C4-C,, aryl above;

5-9 member heteroalicyclic may be substituted or unsubstituted, and when substituted the substituent group
(s) is defined as for Cg-C,45 aryl above;

3-8 member saturated heterocyclyl may be substituted or unsubstituted, and when substituted the substituent
group(s) is one or two groups independently selected from =0 (as a C-substituent so as to form a carbonyl group),
halo, C,-C, alkyl, C,-C, alkyl substituted with carboxy or -C(O)O-R" with R" as defined herein except that R" cannot
be hydrogen, hydroxy, and -NHR or -NRR where R is C4-C, alkyl or C,-Cq monocyclic cycloalkyl, [5,6]- or [6,6]-
fused bicyclic cycloalkyl, or adamantyl;

3-8 member heterocycloamino may be substituted or unsubstituted, and when substituted the substituent
group(s) is defined as for 3-8 member saturated heterocyclyl above;

C4-C40 alkoxy may be substituted or unsubstituted, and when substituted the substituent group(s) is defined
as for C4-C,, alkyl above;

Cg-Cqo aryloxy and 5-12 member heteroaryloxy may be substituted or unsubstituted, and when substituted
the substituent group(s) is defined as for C4-C,, aryl above;

R" s selected from the group consisting of hydrogen, C4-C, alkyl, trihalomethyl, C5-Cq monocyclic cycloalkyl,
Cg-C12 aryl, 5-12 member heteroary! having 1-4 ring heteroatoms selected from N, O or S, and a 5-9 member
heteroalicyclic group having 1 or 2 heteroatoms selected from N, O or -S(O), where n = 0-2.

1D
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Another embodiment is a compound of Formula | wherein

R' is selected from the group consisting of hydrogen, halo, alkyl,
cycloalkyl, heteroalicyclic, hydroxy, alkoxy, -C(O)R®, -NR°R'® and -C(O)NR'?R">:

R? is selected from the group consisting of hydrogen, halo, alky!
5 trihalomethyl, hydroxy, alkoxy, cyano, -NR°R'®, -NR®°C(O)R'°, -C(O)R?, -S(0),NR°R"°
and -SO,R'" (wherein R* is alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl):

R® R*and R® are independently hydrogen or alkyl:

Z is aryl, heteroaryl, heterocycle, or -NR'°R'® wherein R'® and R'® are
independently hydrogen or alkyl; or R and R'® together with the nitrogen atom to
10 which they are attached form a heterocycloamino group,;

R® is selected from the group consisting of hydrogen or alky!:

R’ is selected from the group consisting of hydrogen, alkyl, aryl,
heteroaryl, and -C(O)R"":

R® is selected from the group consisting of hydroxy, alkoxy, and aryloxy:

15 R® and R are Independently selected from the group consisting of
hydrogen, alkyl, cyanoalkyl, cycloalkyl, aryl and heteroaryl; or

R” and R'® combine to form a heterocyclo group:

R' and R™ are independently selected from the group consisting of

hydrogen, alkyl and aryl, or R and R'® together with the nitrogen atom to which they
20 are attached form a

7C
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heterocycle;
R'” is selected from the group consisting of hydroxy,
alkyl, cycloalkyl, aryl and heteroaryl;

or a pharmaceutically acceptable salt thereof.

Another embodiment is compound of Formula (Ia):
)

O
Y
o WA
X N
RZ——( I H
NN

N—CH(R®)-*CR*(OH)-CH(R®)Z
H

O

L Z

wherein:

R', R’, R% and R’ are hydrogen;

R is fluoro and is located at the 5-position of the
indolinone ring;

Z is morpholin-4-yl;

R® and R’ are methyl.

Preferably, the stereochemistry at the *C is (9).

Another embodiment is compound of Formula (II):

O

R I}I_CH(R3)-CR4(OH)-CH(R5)Z

LT
> R

1L Z

AL Z

(I1)

wherein:
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R is hydrogen or alkyl;

R' is selected from the group consisting of hydrogen,
halo, alkyl, haloalkoxy, cycloalkyl, heteroalicyclic, hydroxy,
alkoxy, -C(0)R®, -NR°R'® and -C(0)NR'"R"’;

R> is selected from the group consisting of hydrogen,
halo, alkyl, trihalomethyl, hydroxy, alkoxy, cyano, -NR?R??,
~NR°C (0)R*®, -C(0)R?, -S(0),NR’R'® and -SO,R' (wherein R' is
alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl):

R, R? and R® are independently hydrogen or alkyl;

7 is aryl, heteroaryl, heterocycle, or -NRR}® wherein R!S
and R!® are independently hydrogen or alkyl; or R'® and R'®

together with the nitrogen atom to which they are attached from a

heterocycloamino group;

R® is selected from the group consisting of hydrogen or
alkyl;

R’ is selected from the group consisting of hydrogen,
alkyl, aryl, heteroaryl, and —C(O}Rrﬁ

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

R and R! are independently selected from the group
consisting of hydrogen, alkyl, cyanoalkyl, cycleoalkyl, aryl
and heteroaryl; or

R?® and R'Y combine to form a heterocycloamino group;

R!? and R are independently selected from the gr6Up
consisting of hydrogen, alkyl, hydroxyalkyl, and aryl; or R
and R} together with the nitrogen atom to which they are
attached form a heterocycloamino;

R is selected from the group consisting of hydroxy,
alkyl, cycloalkyl, aryl and heteroaryl:

or a pharmaceutically acceptable salt thereof.

Another embodiment is a pharmaceutical composition,
comprising a compound or salt of Formulas I, Ia, or II and a
pharmaceutically acceptable carrier or excipient.

Another embodiment of the invention is the use of a compound as

described herein or a salt thereof in the manufacture of a medicament.
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Another embodiment is a method for the modulation of the
cafalytic activity of a protein kinase, comprising contacting
the protein kinase with a compound or salt of Formulas I, Ia,
or ITI. The protein kinase for this method can be a receptor
tyrosine kinase, a non-receptor tyrosine kinase and a serine-

threonine kinase.

Another embodiment is a method for treating or preventing
a protein kinase related disorder in an organism, comprising
administering a therapeutically effective amount of a

pharmaceutical composition comprising a compound or salt - of

Formulas I, Ia, or I1 and a pharmaceutically acceptable
carrier or excipient to the organism. The protein kinase for
this method can be a receptor tyrosine kinase, a non~réceptor
tyrosine kinase and a serine-threonine kinase. The protein
kinase related disorder can be an EGFR related disorder, a
PDGFR related disorder, an IGFR related disorder and a flk
related disorder. The protein kinase disorder can also be
squamous cell carcinoma, astrocytoma, Kaposi's sarcoma,
glioblastoma, lung cancer, bladder cancer, head and neck
cancer, melanoma, ovarian cancer, prostate cancer, breast
cancer, small-cell lung cancer, glioma, colorectal cancer,
genitourinary cancer and gastrointestinal cancer. Moreover,
the protein kinase disorder can also be diabetes, an
autoimmune disorder, a hyperproliferation disorder,
restenosis, fibrosis, psoriasis, von Heppel-Lindau disease,
osteocarthritis, rheumatoid arthritis, angiogenesis, an
inflammatory disorder, an immunological disorder and é
cardiovascular disorder. These methods can be used to treat

humans.

In another embodiment, this invention is directed to

methods of preparing compounds of Formula (I).

10
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Lastly, this invention is also directed to identifying a
chemical compound that modulates the catalytic activity of a
protein kinase by contacting cells expressing the protein
kinase with a compound or a salt of the present invention and

then monitoring the cells for an effect.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

Unless otherwise stated the following terms used in the
specification 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; é.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). More
preferably, it 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. Mosf 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-bﬁtyl,
and the like. Alkyl may be substituted or unsubstituted, and
when substituted the substituent group(s) is preferably halo,
hydroxy, lower alkoxy, aryl, aryloxy, heterocaryl,
heteroalicyclic, C(0)R®?, NR’R!Y, and C(0)NR’R'°.

"Cycloalkyl" refers to a 3 to 8 member all-carbon
monocyclic 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,
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cyclobutane, cyclopentane, cyclopentene, cyclohexane,
cyclohexadiene, adamantane, cycloheptane, cycloheptatriene,
and the like. A cycloalkyl group may be substituted or
unsubstituted. When substituted, the substituent group(s) is
preferably one or more, more preferably one or two
substituents, independently selected from the group consisting
of lower alkyl, trihaloalkyl, halo, hydroxy, lower alkoxy,
aryl optionally substituted with one or more, preferably one
or two groups independently of each other halo, hydroxy, lower
alkyl or lower alkoxy groups, aryloxy optionally substituted
with one or more, preferably one or two groups independently
of each other halo, hydroxy, lower alkyl or lower alkoky
groups, 6-member heterocaryl 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, lower alkyl or
lower alkoxy groups, S-member heterocaryl 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 mofe, preferably one
Or two groups independently of each other halo, hydroxy, lower
alkyl or lower alkoxy groups, 5- or 6-member heterocalicyclic
group having from 1 to 3 heterocatoms selected from the group
consisting of nitrogen, oxygen and sulfur, the carbon and
nitogen (i1f present)atoms in the group being optionally
substituted with one or more, preferably one or two groups
independently of each other halo, hydroxy, lower alkyl or
lower alkoxy groups, mercapto, (lower alkyl)thio, arylthio
optionally substituted with one or more, preferably one or two
groups independently of each other halo, hydroxy, lower alkyl
or lower alkoxy groups, cyano, acyl, thiocacyl, O-carbamyl, N-
carbamyl, O-thiocarbamyl, N-thiocarbamyl, C—-amido, N-amido,
nitro, N-sulfonamido, S-sulfonamido, R’S (0O) -, R’S (O) o=, -
C(QO)OR?, R’C(0)0-, and -NR’R!Y are as defined above.

"Alkenyl" refers to an alkyl group, as defined herein,

consisting of at least two carbon atoms and at least one
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carbon-carbon double bond. Representative examples include,
but are not limited to, ethenyl, l-propenyl, 2-propenyl, 1-,
2—, or 3-butenyl, and the like.

“Alkyhyl" refers to an alkyl group, as defined 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, l-propynyl, 2-propynyl, 1-,
2—-, or 3-butynyl, and the like.

"Aryl" refers to an all-carbon monocyclic 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 system. Examples, without limitation,
of aryl groups are phenyl, naphthalenyl and anthracenyl. The
aryl group may be substituted or unsubstituted. When
substituted, the substituted group(s) is preferably one or
more, more preferably one, two or three, even more preferably
one or two, independently selected from the group consisting
of lower alkyl, trihaloalkyl, halo, hydroxy, lower alkoxy,
mercapto, (lower alkyl)thio, cyano, acyl, thioacyl, O-carbamyl,
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido,
nitro, N-sulfonamido, S-sulfonamido, Rgs(O)-—-, Rgs(O)z-, -
C(0)OR?, R’C(0)0-, and -NR’R'®, with R® and R'® as defined above.
Preferably, the aryl group 1is optionally substituted with one
or two substituents independently selected from halo, lower
alkyl, trihaloalkyl, hydroxy, mercapto, cyano, N-amido, mono
or dialkylamino, carboxy, or N-sulfonamido.

"Heteroaryl" refers to a monocyclic or fused ring (i.e.,
rings which share an adjacent pair of atoms) group of 5 to 12
ring atoms containing one, two, three or four ring heteroatoms
selected from N, O, or S, the remaining ring atoms being C,

and, 1in addition, having a completely conjugated pi-electron

el

system. Examples, without limitation, of unsubstituted
heteroaryl groups are pyrrole, furan, thiophene, imidazole,
oxazole, thiazole, pyrazole, pyridine, pyrimidine, guinoline,
isoquinoline, purine, tetrazole, triazine, and carbazole. The

heteroaryl group may be substituted or unsubstituted. When
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substituted, the substituted group(s) is preferably one or
more, more preferably one, two, or three, even more preferably
one or two, independently selected from the group consisting
of lower alkyl, trihaloalkyl, halo, hydroxy, lower alkoxy,
mercapto, (lower alkyl)thio, cyano, acyl, thioacyl, O-carbamyl,
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido,
nitro, N-sulfonamido, S-sulfonamido, Rgs(O)-, R°0),-, =C(0)OR?,
R9C(O)O-, and —NR9R1°, with R’ and R as defined above.

Preferably, the heteroaryl group is optionally substituted
with one or two substituents independently selected from halo,
lower alkyl, trihaloalkyl, hydroxy, mercapto, cyano, N-amido,
mono or dialkylamino, carboxy, or N-sulfonamido.
"Heteroalicyclic" refers to a monocyclic or fused ring
group having in the ring(s) of 5 to 9 ring atoms in which one

or two ring atoms are heterocatoms selected from N, O, or S(O)p

(where n is an integer from 0 to 2), the remaining ring atoms
being C. The rings may also have one or more double bonds.
However, the rings do not have a completely conjugated pi-
electron system. Examples, without limitation, of
unsubstituted hetercalicyclic groups are pyrrolidino,
piperidino, piperazino, morpholino, thiomorpholino,
homopiperazino, and the like. The heteroalicyclic ring may be
substituted or unsubstituted. When substituted, the
substituted group(s) 1s preferably one or more, more
preferably one, two or three, even more preferably one or two,
independently selected from the group consisting of lower
alkyl, trihaloalkyl, halo, hydroxy, lower alkoxy,

mercapto, (lower alkyl)thio, cyano, acyl, thiocacyl, O-carbamyl,
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido,
nitro, N-sulfonamido, S-sulfonamido, R’S(0)-, RQS(O)Z-, -
C(0)OR’, R’C(0)0-, and -NR’R*®, with R’ and R'® as defined above.
Preferably, the hetercalicyclic group is optionally
substituted with one or two substituents independently
§elected from halo, lower alkyi, trihaloalkyl, hydroxy,
mercapto, -cvano, N-amido, mono or dialkylamino, carboxy, or N-

sulfonamido.
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"Heterocycle" means a saturated cyclic radical of 3 to 8
ring atoms in which one or two ring atoms are heteroatoms

selected from N, O, or S(O)p (where n is an integer from 0 to

2), the remaining ring atoms being C, where one or two C atoms
may optiocnally be replaced by a carbonyl group. The
heterocyclyl ring may be optionally substituted independently
wilth one, two, or three substituents selected from lower alkyl
optionally substituted one or two substituents independently
selected from carboxy or ester group, halocalkyl, cyanoalkyl,
halo, nitro, cyano, hydroxy, alkoxy, amino, monoalkylamino,
dialkylamino, aralkyl, heterocaralkyl, and -COR (where R is
alkyl). More specifically the term heterocyclyl inciudes, but
1s not limited to, tetrahydropyranyl, 2,2-dimethyl~1,3—
dioxolane, piperidino, N-methylpiperidin-3-yl, piperazino, N-
methylpyrrolidin-3-yl, pyrrolidino, morpholino,

thiomorphélino, thiomorpholino-l-oxide, thiomorpholino-1,1-

dioxide, 4-ethyloxycarbonylpiperazino, 3-oxopiperazino, 2-
imidazolidone, 2-pyrrolidinone, 2-oxohomopiperazino,

tetrahydropyrimidin-2-one, and the derivatives thereof.

‘Preferably, the heterocycle group is optionally substituted

with one or two substituents independently selected from halo,
lower alkyl, lower alkyl substituted with carboxy, ester
hydroxy, or mono or dialkylamino.

"Heterocycloamino” means a saturated cyclic radical of 3
to 8 ring atoms in which at least one of the ring atoms is
nitrogen and optionally where one or two additionally ring

atoms are heteroatoms selected from N, O, or S(O)p (where n is

an integer frbm.O to 2), the remaining ring atoms being C,
where one or two C atoms may optionally be replaced by a
carbonyl group. The heterocycloamino ring may be optionally

substituted independently with one, two, or three substituents

selected from lower alkyl optionally substituted one or two
substituents independently selected from carboxy or ester
group, haloalkyl, cyanoalkyl, halo, nitro, cyano, hydroxy,
alkoxy, amino, monoalkylamino, dialkylamino, aralkyl,

heteroaralkyl, and -COR (where R is alkyl. More specifically
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the term heterocycloamino includes, but is not limited to,
piperidinl-yl, piperazin-l-yl, pyrrolidin-1-yl, morpholin-4-
yl, thiomorpholin-4-yl, thiomorpholino-1l-oxide,
thiomorpholino-1,1-dioxide, 4-ethyloxycarbonylpiperazin-1-vl,
3-oxopiperazin-1l-yl, 2-imidazolidon-1l-yl, 2-pyrrolidinon-1-vy1,
2—-oxohomopiperazino, tetrahydropyrimidin-~-2-one, and the
derivatives thereof. Preferably, the heterocycle group is
optionally substituted with one or two substituents
independently selected from halo, lower alkyl, lower alkyl
substituted with carboxy or ester, hydroxy, or mono or‘
dialkylamino. The heterocycloamino group is a subset of the
heterocycle group defined above.

"Hydroxy" refers to an -OH group.

"Alkoxy" refers to both an -0-(alkyl) and an -0-
(unsubstituted cycloalkyl) group. Representative examples
include, but are not limited to, e.g., methoxy, ethoxy,
propoxy, butoxy, cyclopropyloxy, cyclobutyloxy,
cyclopentyloxy, cyclohexyloxy, and the like.

"Haloalkoxy" refers to both an -0O-(haloalkyl) group.
Representative examples include, but are not limited to, e.qg.,
trifluoromethoxy, tribromomethoxy, and the like.

"Aryloxy" refers to both an -0O-aryl and an -O-heteroaryl
group, as defined herein. Representative examples include, but
are not limited to, phenoxy, pyridinyloxy, furanyloxy,
thienyloxy, pyrimidinyloxy, pyrazinyloxy, and the like, and
derivatives thereof.

"Mercapto" refers to an -SH group.

"Alkylthio" refers to both an -S-(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.

"Aryvlthio" refers to both an -S-aryl and an
-S—-heteroaryl group, as defined herein. Representative
examples include, but are not limited to, phenylthio,

pyridinylthio, furanylthio, thienylthio, pyrimidinylthio, and
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the like and derivatives thereof.

"Acyl" refers to a -C(O)-R" group, where R" is selected
from the group consisting of hydrogen, lower alkvyl,
trihalomethyl, unsubstituted cycloalkyl, aryl optionally
substituted with one or more, preferably one, two, or three
substituents selected from the group consisting of lower
alkyl, trihalomethyl, lower alkoxy, halo and -NR°R!® groups,
hetercaryl (bonded through a ring carbon) optionally
substituted with 6ne or more, preferably one, two, or three
substitutents selected from the group consisting of lower
alkyl, trihaloalkyl, lower alkoxy, halo and —-NR’R'® groups and
heterocalicyclic (bonded through a ring carbon) optionally
substituted with one or more, preferably one, two, or three
substituents selected from the group consisting of lower
alkyl, trihaloalkyl, lower alkoxy, halo and -NR’R'® groups.
Representative acyl groups include, but are not limited to,
acetyl, trifluorocacetyl, benzoyl, and the like

"Aldehyde" refers to an acyl group in which R" is
hydrogen.

"Thiocacyl" refers to a -C(S)-R" group, with R" as defined

herein.

"Ester" refers to a -C(0)0O-R" group with R" as defined
herein except that R" cannot be hydrogen.

"Acetvyl" group refers to a —C(OQCHggroup.

"Halo" group refers to fluorine, chlorine, bromine or
iodine, preferably fluorine or chlorine.

"Trihalomethyl" group refers to a -CX3 group wherein X is

a halo as defined above.

"Trihalomethanesulfonyl”" group refers to a X3CS(=0) -

groups with X as defined above.

"Cyano" refers to a -C=N group.

"S—-sulfonamido" refe;rs to a -S(0),NR’R'? group, with R’ and
R'® as defined herein. b' :

"N-sulfonamido" refers to a -NR’S(0),R* group, wii;h R’ and
R*® as defined herein.

"O-carbamyl" group refers to a -0C(0O)NR™R'’ group with R*?
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and R™ as defined herein.

"N-carbamyl" refers to an R’0C(0)NR!®- group, with R® and
R'Y as defined herein.

"O-thiocarbamyl" refers to a -0C(S)NR¥R'® group with RY?
and R as defined herein.

"N-thiocarbamyl" refers to a R’0C(S)NR'- group, with R®
and R'® as defined herein.

"Amino" refers to an -NR’R'® group, wherein R® and R are
both hydrogen.

"C-amido" refers to a -C(O)NR’R!® group with R® and R!? as
defined herein.

"N-amido" refers to a R’C(O)NR*°- group, with R’ and R as
defined hereiln.

"Nitro" refers to a -NO; group.

"Haloalkyl" means an alkyl, preferably lower alkyl as
defined above that is substituted with one or more same or
different halo atoms, e.g., -CH;Cl, -CF3, -CH,CF;, =-CH,CCl;, and
the like.

"Hydroxyalkyl" means an alkyl, preferably lower alkyl as
defined above that is substituted with one, two, or three
hydroxy groups, e.g., hyroxymethyl, 1 or 2-hydroxyethyl, 1,2-,
1,3-, or 2,3-dihydroxypropyl, and the like.

"Aralkyl" means alkyl, preferably lower alkyl as defined

above which i1s substituted with an aryl group as defined
above, e.g., -—-CHzphenyl, -(CH;).phenyl, -(CH,)sphenvyl,
CH3CH (CH3) CHyphenyl,and the like and derivatives thereo.f.
"Heteroaralkyl" group means alkyl, preferably lower alkyl
as defined above which is substituted with a heterocaryl group,
e.g., =-CHppyridinyl, - (CHj)pyrimidinyl, - (CHz)simidazolyl, and
the like, and derivatives thereof.
"Monoalkylamino" means a radical -NHR where R is an alkyl
or unsubstituted cycloalkyl group as defined above, e.g.,
methylamino, (l-methylethyl)amino, cyclohexylamino, and the
like.
"Dialkylamino" means a radical -NRR where each R 1is

independently an alkyl -or unsubstituted cycloalkyl group as
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defined above, e.g., dimethylamino, diethylamino,
(l-methylethyl) -ethylamino, cyclohexylmethylamino,
cyclopentylmethylamino, and the like. :
"Optional"” or "optionally" means that the subsequently
S5 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

10 present, and the description includes situations where the

heterocycle group 1s 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"
15 are used 1interchangeably herein to refer to a molecule having

the chemical structure:

O
\
H
20 The term "pyrrole" refers to a molecule having the
chemical structure:
HQ
H

Compounds that have the same molecular formula but differ
25 1in the nature or sequence of bonding of their atoms or the
arrangement of their atoms in space are termed "isomers".

Isomers that differ in the arrangement of théir atoms 1in space
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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 configuration of its asymmetric
center and 1s 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
"racemlic 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, the carbon atom carrying the hydroxy
group in —~CONHCHR®*-CR*(OH)CR’Z in a compound of formula (I) is
an asymmetric center and therefore the compound of Formula (I)
can exlist as an (R)- or (S)-stereoisomer. Unless indicated
otherwise, the description or naming of a particular compound
in the specification and claims is intended to include both
individual enantiomers and mixtures, racemic or otherwise,
thereof. The methods for the determination of stereochemistry
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 phenomena of
tautomerism and structural isomerism. For example, the
compounds described herein may adopt an E or a Z configuration
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 tautomeric or structural isomeric

form and mixtures thereof which possess the ability to
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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 prodrugs
thereof, with other chemical components, such as
physiologically/pharmaceutically acce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>