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ABSTRACT:

The present invention relates to organic molecules of Formula I capable of modulating

tyrosine kinase signal transduction in order to regulate, modulate and/or inhibit abnormal

cell proliferation.

Formula I
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3-(ARYLAMINO)METHYLENE-1, 3-DIHYDRO-2H-INDOL-2-ONES AS
KINASE INHIBITORS

BACKGROUND OF THE INVENTION

This application claims priority under 35 U.S.C. §119(e)(1) to provisional
application numbers 60/325,819 and 60/325,815, filed September 27, 2001.

1. Field Of The Invention

The present invention relates to novel compounds capable of modulating,
regulating and/or inhibiting tyrosine kinase signal transduction. The present
invention is also directed to methods of regulating, modulating or inhibiting
tyrosine kinases, whether of the receptor or non-receptor class, for the prevention
and/or treatment of disorders related to unregulated tyrosine kinase signal
transduction, including cell growth, metabolic, and blood vessel proliferative

disorders.
2. Description Of The Related Art

Protein tyrosine kinases (PTKs) comprise a large and diverse class of
proteins having enzymatic activity. The PTKs play an important role in the control
of cell growth and differentiation.

For example, receptor tyrosine kinase mediated signal transduction 1s
initiated by extracellular interaction with a specific growth factor (ligand), followed
by receptor dimerization, transient stimulation of the intrinsic protein tyrosine
kinase activity and phosphorylation. Binding sites are thereby created for
intracellular signal transduction molecules and lead to the formation of complexes
with a spectrum of cytoplasmic signaling molecules that facilitate the appropnate
cellular response (¢€.g., cell division, metabolic homeostasis, and responses to the

extracellular microenvironment).
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With respect to receptor tyrosine Kinases, 1t has been shown also that
tyrosine phosphorylation sites function as high-affinity binding sites for SH2 (src
homology) domains of signaling molecules. Several intracellular substrate proteins
that associate with receptor tyrosine kinases (RTKs) have been 1dentified. They
may be divided into two principal groups: (1) substrates which have a catalytic
domain; and (2) substrates which lack such domain but serve as adapters and
associate with catalytically active molecules. The specificity of the interactions
between receptors or proteins and SH2 domains of their substrates 1s determined by
the amino acid residues immediately surrounding the phosphorylated tyrosine
residue. Differences in the binding affinities between SH2 domains and the amino
acid sequences surrounding the phosphotyrosine residues on particular receptors are
consistent with the observed differences in their substrate phosphorylation profiles.
These observations suggest that the function of each receptor tyrosine kinase 1s
determined not only by its pattern of expression and ligand availability but also by
the array of downstream signal transduction pathways that are activated by a
particular receptor. Thus, phosphorylation provides an important regulatory step
which determines the selectivity of signaling pathways recruited by specific growth
factor receptors, as well as differentiation factor receptors.

Aberrant expression or mutations in the PTKs have been shown to lead to
either uncontrolled cell proliferation (e.g. malignant tumor growth) or to defects 1n
key developmental processes. Consequently, the biomedical community has
expended significant resources to discover the specific biological role of members
of the PTK family, their function in differentiation processes, their involvement 1n
tumorigenesis and in other diseases, the biochemical mechanisms underlying their
signal transduction pathways activated upon ligand stimulation and the
development of novel drugs.

Tyrosine kinases can be of the receptor-type (having extracellular,
transmembrane and intracellular domains) or the non-receptor type (being wholly

intracellular).
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The RTKs compnise a large family of transmembrane receptors with diverse

brological activities. The intrinsic function of RTKs is activated upon ligand
binding, which results in phophorylation of the receptor and multiple cellular
substrates, and subsequently in a variety of cellular responses.

Al present, at least nineteen (19) distinct RTK subfamilies have been
identified. One RTK subfamily, designated the HER subfamily, is believed to be
comprised of EGFR, HER2, HER3 and HER4. Ligands to the Her subfamily of
receptors include epithelial growth factor (EGF), TGF-a, amphiregulin, HB-EGF,
betacellulin and heregulin.

A second family of RTKSs, designated the insulin subfamily, is comprised of
the INS-R, the IGF-1R and the IR-R. A third family, the “PDGF” subfamily

includes the PDGF o and [ receptors, CSFIR, c-kit and FLK-II. Another subfamily
of RTKs, identified as the FLK family, is believed to be comprised of the Kinase
insert Domain-Receptor fetal liver kinase-1 (KDR/FLK-1), the fetal liver kinase 4
(FLK-4) and the fms-like tyrosine kinase | (fit-1). Each of these receptors was
imitially believed to be receptors for hematopoietic growth factors. Two other
subfamilies of RTKs have been designated as the FGF receptor family (FGFRI,
FGFR2, FGFR3 and FGFR4) and the Mct subfamily (c-met and Ron).

Because of the similarities between the PDGF and FLK subfamilies, the two
subfamilies are often considered together. The known RTK subfamilies are
identified in Plowman et al, 1994, DN&P 7(6): 334-339,

The non-receptor tyrosine kinases represent a collection of cellular enzymes
which lack extracellular and transmembrane sequences. At present, over twenty-
four individual non-receptor tyrosine kinases, compnising eleven (11) subfamilies
(Src, Frk, Bik, Csk, Abl, Zap70, Fes/Fps, Fak, Jak, Ack and LIMK) have been
identified. At present, the Src subfamily of non-receptor tyrosine kinases is
compnsed of the largest number of PTKs and include Src, Yes, Fyn, Lyn, Lc¢k, Blk,
Hck, Fgr and Yrk. The Src subfamily of enzymes has been hinked to oncogenesis.
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A more detailed discussion of non-receptor tyrosine kinases is provided in Bolen,

1993, Oncogen 8-.2025-2031.

Many of the tyrosine kinases, whether an RTK or non-receptor tyrosine
kinase, have been found to be involved in cellular signahng pathways leading to
cellular signal cascades leading to pathogenic conditions, including cancer,
psorniasis and hyper immune response.

In view of the surmised importance of PTKs to the control, regulation and
modulation of cell proliferation the diseases and disorders associated with abnormal
cell proliferation, many attempts have been made to identify receptor and non-
receptor tyrosine kinase “inhibitors” using a variety of approaches, including the
use of mutant ligands (U.S. Patent No. 4,966,849), soluble receptors and antibodies
(PCT Apphcation No. WO 94/10202; Kendall & Thomas, 1994, Proc. Nat’l Acad.
Sci 90: 10705-09; Kim, et al, 1993, Nature 362:841-844), RNA hgands (Jellinek,
et al, Brochemistry 33: 10450-56); Takano, et al, 1993, Mol. Bio. Cell 4:358A:
Kinsella, et al, 1992, Exp. Cell Res. 199: 56-62; Wrnight, et al, 1992, J. Cellular
Phys. 152: 448-57) and tyrosine kinase inhibitors (PCT Application Nos. WO
94/03427; WO 92/21660; WO 91/15495; WO 94/14808; U.S. Patent No.
5,330,992; Marani, et al, 1994, Proc. Am. Assoc. Cancer Res. 35: 2268).

More recently, attempts have been made to identify small molecules which
act as tyrosine kinase inhibitors. For example, bis monocyclic, bicyclic or
heterocyclic aryl compounds (PCT Application No. WO 92/20642), vinylene-
azaindolc derivatives (PCT Application No. WO 94/14808) and 1t-cyclopropyl-4-
pyridyl-quinolones (U.S. Patent No. 5,330,992) have been described generally as
tyrosine kinase inhibitors. Styryl compounds (U.S. Patent No. 5,217,999), styryl-
substituted pyridyl compounds (U.S. Patent No. 5,302,606), certain quinazoline
derivatives (EP Application No. 0 566 266 Al), seleoindoles and selenides (PCT
Application No. WO 94/03427), tnicyclic polyhydroxylic compounds (PCT
Application No. WO 92/21660) and benzylphosphonic acid compounds (PCT
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Apphication No. WO 91/15495) have been described as compounds for use as

tyrosine kinase inhibitors for use in the treatment of cancer.

The identification of effective small compounds which specifically inhibit
signal transduction by modulating the activity of receptor and non-receptor tyrosine
kinases to regulate and modulate abnormal or inappropnate cell proliferation is
therefore desirable and one object of this invention.

Finally, certain small compounds are disclosed in U.S. Patents 5,792,783
5,834,504; 5,883,113; 5,883,116 and 5,886,020 as useful for the treatment of

diseases related to unregulated TKS transduction. These patents disclose startin

matetials and methods for the preparation thereof, screens and assays to determine a

claimed compound’s ability to modulate, regulate and/or inhibit cell proliferation,

indications which are treatable with said compounds, formulations and routes of

administration, effective dosages, etc.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to organic molecules capable of modulating,
regulating and/or inhibiting tyrosine kinase signal transduction. Such compounds
are useful for the treatment of diseases related to unregulated TKS transduction,
including cell proliferative diseases such as cancer, atherosclerosts, restenosis,
metabolic diseases such as diabetes, inflammatory diseases such as psoriasis and
chronic obstructive pulmonary disease, vascular proliferative disorders such as
diabetic retinopathy, age-related macular degeneration and retinopathy of
prematurity, autoimmune diseases and (ransplant rejection.

In one illustrative embodiment, the compounds of the present invention

have the formula;
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wherein R' is selected from the group consisting of halogen, NO,, CN, C, to C4
alkyl and aryl, e.g. phenyl; R* is selected from the group consisting of hydrogen, C,
to Cg alkyl, COCH3;, CH,CH,OH,CH,CH,CH,;0H and phenyl; R 1s selected from
the group consisting of D, halogen, C, to Cg alkyl, CF;, OCF;, OCF,;H, CH,CN,
CN, SR?, (CR'R*).C(0O)OR?, C(O)N(R?),, (CR’ R*).OR*, HNC(O)R?, HN -
C(O)OR?, (CR'R®)N(R?),, SO, (CR'R®*).N(R?),, OP(O)(OR?),, OC(O)OR?,
OCH,0, HN-CH=CH, -N(COR*)CH,CH,, HC=N-NH, N=CH-S, O(CR’R®)4-R°
and (CR'R®).-R®, -NR,(CR'R®*)4R® wherein R® is selected from the group consisting
of halogen, 3-fluoropyrrolidinyl, 3-fluoropiperidinyl, 2-pyndinyl, 3-pynidinyl, 4-
pyridinyl, 3-pyrrolinyl, pyrrolidinyl, methyl 1sonipecotate, N-(2-methoxyethyl)-N-
methylamyl , 1,2,3,6-tetrahydropyridinyl, morpholinyl, hexamethyleneiminyl,
piperazinyl-2-one, piperazinyl, N-(2-methoxyethyl)ethylaminyl, thiomorpholinyl,
heptamethyleneiminyl, 1-piperazinylcarboxaldehyde, 2,3,6,7-tetrahydro-(1H)-1,4-
diazepinyl-5(4H)-one, N-methylhomopiperazinyl, (3-dimethylamino)pyrrolidinyl,
N-(2-methoxyethyl)-N-propylaminyl, 1soindolinyl, nipecotamidinyl,
1sonipecotamidinyl, 1-acetylpiperazinyl, 3-acetamidopyrrolidinyl, trans-
decahydroisoquinolinyl, cis-decahydroisoquinolinyl, N-acetylhomopiperazinyl,
3-(diethylamino)pyrrolidinyl, 1,4-dioxa-8-azaspiro[4.5]decaninyl, 1-(2-
methoxyethyl)-piperazinyl, 2-pyrrolidin-3-ylpyndinyl, 4-pyrrolidin-3-ylpyridinyl, 3-



CA 02461812 2004-03-26

WO 03/027102 PCT/US02/30882

10

15

20

25

.
(methylsulfonyl)pyrrolidinyl, 3-picolylmethylaminyl, 2-(2-

methylaminoethyl)pyridinyl, 1-(2-pyrnnmidyl)-piperazinyl,
1-(2-pyrazinyl)-piperazinyl, 2-methylaminomethyl-1,3-dioxolane,
2-(N-methyl-2-aminoethyl)-1,3-dioxolane, 3-(N-acetyl-N-
methylamino)pyrrolidinyl, 2-methoxyethylaminyl, tetrahydrofurfurylaminyl, 4-
aminotetrahydropyran, 2-amino-1-methoxybutane, 2-methoxyisopropylaminyl, 1-
(3-aminopropyl)imidazole, histamyl , N,N-diisopropylethylenediaminyl, 1-benzyi-
3-aminopyrrolidyl 2-(aminomethyl)-5-methylpyrazinyl,
2,2-dimethyl-1,3-dioxolane-4-methanaminyl, (R)-3-amino-1-N-BOC-pyrrolidinyl,
4-amino-1,2,2,6,6-pentamethylpipendinyl, 4-aminomethyltetrahydropyran,
ethanolamine and alkyl-substituted dertvatives thereof and wherein when ¢ 1s 1 said
CH; may be

S

|
-C-:
and CH,CH,CHj;; provided said alkyl or phenyl radicals may be substituted with

one or two halo, hydroxy or lower alkyl amino radicals wherein R’ and R® may be
selected from the group consisting of H, F and C,-C, alkyl or CR'R® may represent
a carbocyclic ring of from 3 to 6 carbons, preferably R’ and R® are H or CHj;

b 1s 0 or an integer of from 1 to 3;

a1s 0 or an integer of from 1 to 5, preferz;bly 1 to 3;

c 1s 0 or an integer of from 1 to 4,

d 1s an integer of from 2 to 35;

the wavy line represents a E or Z bond and pharmaceutically acceptable salts

thereof.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment of the present invention R' is selected from the group

consisting of H, 1.e. b1s 0; CHs , F, Cl and phenyl.
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Preferably, R 1s selected from the group consisting of CH;, CH,CH3, OCH3,

OH, t-butyl, F, CN, C(O)NH, HN C(O)CH;, CH,C(O)OH, SO,NH,, C(O)OH,
OCF,H, isopropyl, C;HsOH, C(O)OCHj3;, CH,OH, NH-CH=CH, HC=N-N-H,
N=CH-S, O(CR7RS)dR6 : (CR7R8)CR6 and -NRZ(CR7R8)dR6, wherein R° is selected
from the group consisting of 3-fluoropyrrolidinyl, 3-fluoropiperidinyl, 2-pyridinyl,
3-pyridinyl, 4-pyridinyl, 3-pyrrolinyl, pyrrolidinyl, methyl 1sonipecotate, N-(2-
methoxyethyl)-N-methylamyl , 1,2,3,6-tetrahydropyridinyl, morpholinyl,
hexamethyleneiminyl, piperazinyl-2-one, piperazinyl, N-(2-
methoxyethyl)ethylaminyl, thiomorpholinyl, heptamethyleneiminyl, 1-
piperazinylcarboxaldehyde, 2,3,6,7-tetrahydro-(1H)-1,4-diazepinyl-5(4H)-one, N-
methylhomopiperazinyl, (3-dimethylamino)pyrrolidinyl, N-(2-methoxyethyl)-N-
propylaminyl, 1soindolinyl, nipecotamidinyl, isonipecotamidinyl, 1-
acetylpiperazinyl, 3-acetamidopyrrolidinyl, trans-decahydroisoquinolinyl, cis-
decahydroisoquinolinyl, N-acetylhomopiperazinyl,
3-(diethylamino)pyrrolidinyl, 1,4-dioxa-8-azaspiro[4.5]decaninyl, 1-(2-
methoxyethyl)-piperazinyl, 2-pyrrolidin-3-ylpyridinyl, 4-pyrrolidin-3-ylpyridinyl, 3-
(methylsulfonyl)pyrrolidinyl, 3-picolylmethylaminyl, 2-(2-
methylaminoethyl)pynidinyl, 1-(2-pyrimidyl)-piperazinyli,
1-(2-pyrazinyl)-piperazinyl, 2-methylaminomethyl-1,3-dioxolane,
2-(N-methyl-2-aminoethyl)-1,3-dioxolane, 3-(N-acetyl-N-
methylamino)pyrrolidinyl, 2-methoxyethylaminyl, tetrahydrofurfurylaminyl, 4-
aminotetrahydropyran, 2-amino-1-methoxybutane, 2-methoxyisopropylaminyl, 1-
(3-aminopropyl)imidazole, histamyl , N,N-duisopropylethylenediaminyl, 1-benzyl-
3-aminopyrrolidyl 2-(aminomethyl)-5-methylpyrazinyl, 2,2-dimethyl-1,3-
dioxolane-4-methanaminyl, (R)-3-amino-1-N-BOC-pyrrohdinyl, 4-amino-1,2,2,6,6-
pentamethylpiperidinyl, 4-aminomethyltetrahydropyranyl, ethanolamine and alkyl-
substituted derivatives thereof, e.g. R® is morpholinyl or CH,N(CHj)s.

More preferably, R 1s selected from the group consisting of m-ethyl, p-
methoxy, p-hydroxy, m-hydroxy, p-cyano, m-C(O)NHz, p-HNC(O)CHa;, p-
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CHzC(O)OH, p-802NH2, p-CHon, m-methoxy, p-CH2CH20H, HNCH=CH,

HC=N-NH, p-morpholinyl, N=CH-S, p-OCHF>, p-COOH, p-CH3;, p-OCH;, m-F,
m-CH,N(C;Hs),, (CR'R®).R® , O(CR'R®)¢R® and NR*(CR'R*)4R°.

It is noted that R may represent a condensed ring that 1s attached to the
above phenyl ring at two positions. For example, as shown in Example 23, below,
CH,CH,CH, may be attached at the 3 and 4 (or m and p) positions of the phenyl
ring.

Still more preferably, R is selected from the group consisting of fluoro,
methyl, (CR7R8)CR6, O(CR7R8)dR6 and NRZ(CR7R8)dR6 wherein R® is selected from
dimethylamino, diethylamino, 3-fluoropyrrolidinyl, 3-fluoropiperidinyl, 3-pyndinyl,
4-pyridinyl, pyrrolidinyl, morpholinyl, piperazinyl, heptamethyleneiminyl,
tetrahydrofurfurylaminyl, 4-aminotetrahydropyranyl, N,N-
diisopropylethylenediaminyl and 4-aminomethyltetrahydropyran.

In particular, the compounds of the present invention are selected from the

compounds of Table 1, below.

TABLE 1

Unsubstituted 4-Methyl & 5-Chloro 3-[(Substituted Phenylamino)-methylene|-
1,3-dihydro-indol-2-ones.

Example #
1

~

o r e Il Il I

I],L
|
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6 | H ] H H H
7 | H H ‘H | H
8 ‘H H H - H
9 | H { Et H H
| 10 I H H H H ]
11 H Me H H |
12 H H H H |
13 H H ~H H |
14 | H Me __H H
| 15 H H ~H H
| 16 | H H “OMe H
17 H | H ~__H H
18 | H ‘H | i __H H |
19 H H Me | H | Me H__l
20 | H H Me Me | H H
21 H H F |  OMe H H
22 H H CF3 H i- H H
23 | H H -CH,CH,CHj- H H
24 'H F H ~Cc H H |
25 H H | H CF; H H
26 H F H Me 7 OCO,Et H
%_7 H F H h Me | OCO,CH,C(CH3)3 H |
28 H F | H | OH H |
|29 " H | H | H CN H H
30 H H H CH,CN H H
31 | H H -CH=CH-NH- H H
32 H H “NH-N=CH- H H
33 H H H CONH; H H
34 H H H NHCOCH; H H
35 H H CH,CO>H H H H
3 | H H | H Cl H H |

Unsubstitﬁt-ed, 4-methyl & 5-Chloro 3-[(Substitufed“l;-henylamino)-
methylene]-1,3-dihydro-indol-2-ones.

|
| Example #

| =
T | | e
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40 | H | H H N-morpholino | =~ H H __i
41 H H OPh H H
42 H | H OMe H H |
43 | H H -S-CH=N- | H H |
44 H H CO,H H H
45 | H | H ca | H H |
46 | H H H CF- H |
47 H H F "T" H ~H |
48 EH H Me B H
49 H H OMe l 1 H H
50 H H OCHF, H H
51 | H H OCF; H H
| 52 | H H iPr H H
53 l H Me “H H
54 H | Cl H H
55 H OMe l H H I
s6 | H Mem‘J ~ H HJ
57 5°-Cl H H H
58 4’-Me H ~ H H
| H
H

asj an] jan] Ran]janf jan] joof jan]jan] jesg jas) o] Ran] janl ley

59 OMe o H

H B H

| ] H OMe }' H_
| Me |  H H ‘

‘H L Me H

OCHF, H H

| OMe H H

66 5°-Cl OCFx H H

67 5-Cl | i - OH H H
68 5’-Cl H -OCH,0- H H l

69 H Me Me |  H H

70 H | H 1Pr H H

71 H | OH Me H H
72 5°-Cl H H ~ (CHy),0H H - i | “H B

Unsubstituted, 4-methyl & 5-Chloro 3-[(Substituted Phenylamino)-
methylene]-1,3-dihydro-indol-2-ones.

R Substitution

4 5 | 6
OMe

Example #
73
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| 5>C1] H | H  H | H | H ]
| 5-C1 | H OMe _H __ _OMe H
| 5-Cl | H OH _H | H H
5°-Cl H H OH TL H H
5°-Cl H Me H Me H
79 | 5-Cl| H H Me ~_H H
80 H H -OCH,0- H H
81 H H CO,H OH | H H
82 H H OEt H H
83 H -N(COMe)-CH,-CH- }: —H H
;__ _84 H H | H OPO(OH); | H H
8 | H | H COzH COH | H ~H
86 H H H CO,H H H
_8‘7 | H H H | (CH2),0H H o H
88 H H H CH,O0OH H H
89 H H OMe L CO,CHx H H
90 l #Me| H NH-N=CH- H | H
| 91 [4Me| H F |  OMe H H
92 4-Me | H -S-CH=N- H H
93 4’-Me H OMe CO,CH3 H H
94 H I H OMe H H H
95  |4#-Me| H Me Me H H
96 |4-Me | H H OH H H
97 ' 4-Me| H | -CH=CH-NH- H ~H
98 l 4-Me | H H t-Bu H H
99 4’-Me H H CH,OH H H
100 [s5-c1| H H ~ t-Bu H ~ H '4
101 5-Cl | H -S-CH=N- H H |
102 | 5°Ct | H | OMe. OMe H H
| 103 | 5-Cl H NH-N=CH- H H |
104 | 5°-Cl o ca OMe H |
105 5°-Cl OMe H H
i 106 | 5’-Cl N-morpholino H H _
107 | 5-Cl ~ OEt ~H H |
108 5°-Cl OH H H |

Unsub_stitutéd, 4-methyl & 5-Chloro 3-[(Substi;l1_ted Phenylamino)-

methylene]-1,3-dihydro-indol-2-ones.
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] R Substitution
Example# R 2 l 3 4 5 6
5°-Cl _l H CH;NEt, OH H H
110 sCl | H [ ~ -CH=CH-NH- H H
111 | $Cl | H H | CH,0H H H
112 | 5Ccl | H Me iPr H "H
113 [ 4-Me | H H CH,CH,0H H “H
114 [ 5-Cl H H | NHCOMe H H
115 5°-Cl | H H | CHCOH H H
116 5>}Cl | H H | SO,NH, H H
117 4-Me | H OH OMe H H
118 | #-Me | H CO,H OH | H H
119 | 4-Me | H H OCHF, “H H
120 | 4-Me | H H OCF; H H
121 | 4-Me | H CF; OMe H H
122 | 4-Me| H H | OEt | H H
123 4’-Me H H o 1IPr H H
124 4-Me | H ~ -O-CHy-O- | H H ]
125 4-Me | H ~__OH Me H | H |
126 4°-Me H OMe OMe H [ H |
127 4’-Me | Et H H | H | H
128 | 4-Me | H H e H | H ]
129 4©-Me | H H CONH, H H
F‘ 130 £#-Me | H H NHCOCH, H H
131 4'-Me | H H ~_CH,CO,H “H H
| 132 H ~ Me OH H H l
133 ~H Me OH H | H
134 H OH ~ NHCOEt | H H |
135 F H __OMe | H H
136 H H H SMe H ~__H ]
137 | 4Me | H H SMe H H
138 5-Cl | H H SMe H | H
139 H H | H -CH,CH,CH,CO,H| H ~H |
140 4-Me | H H  |-CH,CH,CH,COH| H H
141 H "H | -CH,CH,CO,H H H H
142 4-Me | H | -CH,CH,CO,H H H H
143 5.Cl | H | -CH,CH,CO,H ~H H | H
144 H H H -CH,CH,CO,H H
145 4$-Me | H H -CH,CH,CO,H H
146 5°-Cl H H -CH,CH,CO,H H

Unsubstituted, 4-methyl, S-Chloro &5-Fluoro 3- [(Substituted Phenylamino)-
methylene]-1,3-dihydro-indol-2-ones.
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~_R
74 X
————
NH
O
i T R Substitution ]
Example # r! 2 | 3 4 5
147 4’-Me | H Et | H H
148 5°-C1 | H Et o H H
149 5°-C1 | H H l o Et H
150 S-Cl | H | H |  -CH,CH,CH,CO,H H
151 4 Me | H H Et o H
152 5-Cl | H H | -CN | H
155 4’-Me | H OH CO.H - H
156 H H H N(Me); H
L e i
157 H H H l z—N/ \NMe H
— 1 - - . \_/ PR
158 H H H 3_ < > H H
- | _ N R R
159 l H | H H ( H | H
! ;—N O
160 H H CHzN(Et)z OH H H
161 4°’-Me { H CH,N(Et); OH H H
162 5°-F _CH=CH-NH- H | H
163 5F | H ] -NH-N=CH- H | H
‘ 164 5’-F H OH ‘ OMe | H H
| 1t_5_5_ 5°-F H _H | - CH,CH,CO,H H H
166 5’-F H H SO,NH> H H
167 5’-F H H /7 \ H H
;—N O
L l L \/ |
168 5°-F H H /7 N\ H H
| $—N  NMe
\_/
169 sF | H| H H H | H
170 S’-F H H CONH, H H
171 $°F | H H SMe H
172 5°-F H F - OMe H | H
173 5’-F H -S-CH=N- H H
174 5’-F H H CH,CO»H H H
175 5’-F E CH,CH,CO,H H H H
176 ’-F | H ~ Et H H H
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Unsubstituted, 4-methyl, 5-Chloro &5-Fluoro 3-[(Substituted Phenylamino)-
methylene]-1,3-dihydro-indol-2-ones.

Example # R 2
177 | 3°-F H
t H

178 5°-F
179 | H H |
180 H | H_—I i
l 181 4Me| H - H | H
' 182 | H | H CH(OH)CH; | H __l__H_"___H_
183 [ 4-Me ‘ H | CHOH)CH; | H 1| H
184 | H H CH,OH | H | H | H
185 |4-Me| H CH,OH H H | H |
186 ' H | H N—I_1C02;Bu N H H H
L 187 |4Me| H NHCO,z-Bu " H = | H |H
188 | H | H |  H N(Et); H | H
Ty [4Me| H H | NEy | H[H]
190 | H H | s0,N(CH,CH,OH), ___H | H | H |
191 |[4-Me| H | SO,N(CH;CH,0H); | H | H|H
. 192 | H | H H | SO,NCH,CH,0H H | H
193 H H | SONCH,CH)CH,0OH| ~H ol
| 194 4’-Me H SO,NCH,CH,CH,;OH H ] H | H l
195 H H CO,H %—N/_\O H | H
\_/ l
196 4-Me| H H S. —\ H | H
N o
1l ™ N~ ]
H H | SO,NCH,CH2,0H _ H | }_I__
H H OCH,CH,CH;Cl H | H |
H ‘I'_I_____l OCH>CH,CH,CH,Cl H | H
H H OCH,CH,CHjI H | H
H ] H OCH,CH,CH,CH;l H | H
D D D - D D
D D CO,H D | D
D | D B NH> D [ D l
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Unsubstituted, 4-methyl, 5-Chloro &5-Fluoro 3-[(Substituted Phenylamino)-
methylene]-1,3-dihydro-indol-2-ones.

B R Substitution

| Example # R} 2 3 4 5 | 6

| 206 H H H O H | H
207 H | H H | OCH;CH,CH,CHN(Et), | H | H |

208 H H H (\N/ H [ H
| 200 | H | H H O | H l‘ﬁ—l

l rt\o/\/\/N ‘|

210 ! 4-Me | H NH> H H | H

211 H H NH> H H [ H
212 H H NH, Me H | H |
213 4’-Me | H NH> Me H | H |

214 H H H OCH,CH,CH,N(Et), H H

215 H H H fé\o AN ,\ H | H

| O

216 H | H | H | g~y 5 H | H

e H | s~ | H [ H]
217 H H s 0N /\l

— e ere— —— N\ o e ——— e ae———

- H | H

218 H H | H s 0 '\O
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Unsubstituted, 4-Fluoro, 4-methyl, 5-Chloro, 5-Cyano, 5-Fluoro, 5-Nitro, 6-
Fluoro & 6-Aryl 3-[(Substituted Phenylamino)-methylene|-1,3-dihydro-indol-

2-0ones.
2R
74 P
(>
S
Example #
221

226 H H H
227 H| H ‘¥_’;/—\O | H | H
NS
228 | H H e N o H [ H
1 o - \_/
229 H H / H [H
S—N O
230 H H {_NMN__ | H [ H
1 _ | L ——/
231 4’-Me H H ENP NN H
232 5°-Cl H H I NN H
233 [ 5F H H | H
234 6’-F H H
235 H | H H
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Sl —

5 ,-NOZ

'H

P——_
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Ungﬁbsuq;téd, 4-F luoro,—4-methyl, 5-Chloro, 5-Cyano, S-Fluor(?é-Nitro, 6-
Fluoro & 6-Aryl 3-[(Substituted Phenylamino)-methylene]-1,3-dihydro-indol-

2-ones.
. R
/4 X
&
5
Example # R
237 5°-CN
238 4’-Me
239 6’-F
240 5.F "H |  H I H
|
241 5°_Cl H | H
242 | 4’-Me H H
I R ] —
243 6°-F H H
H H
"H H
H H
247 | 6F H | H | B O H |
| | fg\o/\/\,N I
248 H H F I H |
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249 |  4#Me | H | @ F o~~~ | H[H
I R N
Unsubstituted, 4-Fluoro, 4-methyl, 5-Chloro, 5-Cyano, 5-Fluoro, 5-Nitro, 6-
Fluoro & 6-Aryl 3-[(Substituted Phenylamino)-methylene]-1,3-dihydro-indol-

2-ones.
5
SR
/4 P
| Substitution -
Example # Rr! 2 3 4 1 5 | 6
I 250 6’-F H F F PN H | H
| I R I S N B
251 H H H O H | H
| r“\/N
252 4’-Me H| H O | H | H |
] ] _ o~ I
253 6’-F H H O H
r’I\O/\/N
254 H | H " H | H
r"r\o/\/N
255 | 4-F I H | H g\'o/\/\ 6_ H
—1 i - i U
H H H
rr‘\/N
B H O ' H | H
r"\,N

258 | 5°-F

H o @
L AD
H H Ny O

262 5'-Cl H

259 6’-F
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263 5'_F | H H

| | | -

rrr\o/\/N

264 4’-Me H | H | - ) H | H
r’I\O/\,N\/

Unsubstituted, 4-Fluoro, 4-methyl, S-Chloro, 5-Cyano, 5-Fluoro, 5-Nitro, 6-
Fluoro & 6-Aryl 3-[(Substituted Phenylamino)-methylene]-1,3-dihydro-indol-

2-ones.
S
R
72 X
&
NH
O
o B " R Substitution
| Example # R! 2 ] 3 4 516
265 H H H - H | H
r'I\O/\/N\/
266 6’-F H | H
- 267 |  4#F | H H
268 6’-(3- H |
~ Methoxyphenyl) -
269 6’-(3- H
Methoxyphenyl)
4’-Me H
——_—
6’-F H H
| H H
273 ¢ F | H| H |
274 5’-F

Methoxyphenyl)

H
275 | 5°-Cl H H
276 | 6’-(3- H H
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277 6"-(3- H H | Ao~~~ H | H
Methoxyphenyl) K

278 | H H :O H | H

bl - - ——— oiR— _ el PSP il 2 S e ———————

Unsubstituted, 4-Fluoro, 4-methyl, 5-Chloro, 5-Cyano, S-Fluoro, 5-Nitro, 6-
Fluoro & 6-Aryl 3-[(Substituted Phenylamino)-methylene]-1,3-dihydro-indol-
2-ones.

Example #
279

280

281

| 282

283

284

285

T 286

287

l 288
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e — Ry -

289 6’-F H H

P _— - —_— —

290 H H H H | H
| | | | oS __‘
B B ) ~o | H | H

291 5°-Cl H H 5 |
r"\/N\/

292 | 4Me | H| H ) o ' H | H |
L AN

Unsubstituted, 4-Fluoro, 4-methyl, S-Chloro, 5-Cyano, 5-Fluoro, 5-Nitro, 6-
Fluoro & 6-Aryl 3-[(Substituted Phenylamino)-methylene}-1,3-dihydro-indol-
2-ones.

Example #
293

294

295

296

297

298

299

300
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H
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H-

304

UnsuEtituted, 4-13:lu0r0, 4-methyl, S-Ch‘loﬁro, 5-Fluoro &6-Fluoro 3-

303 I 4’-Me | H

6’-F

H

PCT/US02/30882
H K_/N\
L=
H H

[(Substituted Phenylamino)-methylene]-1,3-dihydro-indol-2-ones.

Example #

305

308

309

R

l 306 H
307 '.Cl

312

4’-Me
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314 | 4Me | H | H - "‘(\5‘ l H | H |
| I__\L/\/\/N\)
315 #F | H | H o o H | H
J ‘l_ HN\’N\)
316 5-F H H | - o H | H
l D
317 -
W

Unsubstituted, 4-Fluoro, 4-methyl, 5-Chloro, 5-Fluoro &6-Fluoro 3-
[(Substituted Phenylamino)-methylene]-1,3-dihydro-indol-2-ones.

R

B I B - R Substitution
Example # R] b2 3 4 o 5 6
318 H H H H | H
I ‘H,/\/\/N |
319 5°-Cl H H l H | H I
| "-,/\/\/N ]
320 I  4'-Me H H H | H |
b
321 4’-F H H H | H
I | l ‘H.N\/N
322 l' 5"-F H H H | H
W ™~SN |
323 6 -F

The present invention is further directed to pharmaceutical compositions

comprising a pharmaceutically effective amount of the above-described compounds
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and a pharmaceutically acceptable carrier or excipient. Such a composition is

believed to modulate signal transduction by a tyrosine kinase, either by inhibition of
catalytic activity, affinity to ATP or ability to interact with a substrate.

More particularly, the compositions of the present invention may be

5  included in methods for treating diseases comprising proliferation, fibrotic or

metabolic disorders, for example cancer, fibrosis, psonasis, atherosclerosis,
arthritis, and other disorders related to abnormal vasculogenesis and/or
anglogenesis, such as diabetic retinopathy.

The following defined terms are used throughout this specification:

10 “Me” refers to methyl.

“Et” refers to ethyl.

“tBu” refers to t-butyl.

“1Pr” refers to 1-propyl.

“Ph’ refers to phenyl.

15 "Pharmaceutically acceptable salt" refers to those salts which retain the
biological effectiveness and properties of the free bases and which are obtained by
reaction with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid,
p-toluenesulfonic acid, salicylic acid and the like.

20 "Alkyl” refers to a straight-chain, branched or cyclic saturated aliphatic
hydrocarbon. Preferably, the alkyl group has 1 to 12 carbons. More preferably, 1t 1s
a lower alkyl of from 1 to 7 carbons, most preferably 1 to 4 carbons. Typical alkyl
groups include methyl, ethyl, propyl, 1sopropyl, butyl, 1sobutyl, tertiary butyl,
pentyl, hexyl and the like. The alkyl group may be optionally substituted with one

25  or more substituents are selected from the group consisting of hydroxyl, cyano,
alkoxy, =0, =S, NO,, halogen, dimethyl amino, and SH.

"Alkenyl" refers to a straight-chain, branched or cyclic unsaturated
hydrocarbon group containing at least one carbon-carbon double bond. Preferably,

the alkenyl group has 1 to 12 carbons. More preferably it 1s a lower alkenyl of from
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1 to 7 carbons, most preferably 1 to 4 carbons. The alkenyl group may be optionally

substituted with one or more substituents selected from the group consisting of
hydroxyl, cyano, alkoxy, =0, =S, NO,, halogen, dimethyl amino, and SH.

"Alkynyl" refers to a straight-chain, branched or cyclic unsaturated
hydrocarbon containing at least one carbon-carbon triple bond. Preferably, the
alkynyl group has 1 to 12 carbons. More preferably it 1s a lower alkynyl of from 1
to 7 carbons, most preferably 1 to 4 carbons. The alkynyl group may be optionally
substituted with one or more substituents selected from the group consisting of
hydroxyl, cyano, alkoxy, =0, =S, NO,, halogen, dimethyl amino, and SH.

" Alkoxyl" refers to an “O-alkyl" group.

"Aryl” refers to an aromatic group which has at least one ring having a
conjugated pi1 electron system and includes carbocyclic aryl, heterocyclic aryl and
biaryl groups. The aryl group may be optionally substituted with one or more
substituents selected from the group consisting of halogen, trihalomethyl, hydroxyl,
SH, OH, NO,, amine, thioether, cyano, alkoxy, alkyl, and amino.

"Alkaryl" refers to an alkyl that 1s covalently joined to an aryl group.
Preferably, the alkyl 1s a lower alkyl.

"Carbocyclic aryl” refers to an aryl group wherein the ring atoms are carbon.

"Heterocyclic aryl” refers to an aryl group having from 1 to 3 heteroatoms as
ring atoms, the remainder of the rning atoms being carbon. Heteroatoms include
oxygen, sulfur, and nitrogen. Thus, heterocyclic aryl groups include furanyl,
thienyl, pynidyl, pyrrolyl, N-lower alkyl pyrrolo, pyrimidyl, pyrazinyl, imidazolyl
and the like.

“Hydrocarbyl” refers to a hydrocarbon radical having only carbon and
hydrogen atoms. Preferably, the hydrocarbyl radical has from 1 to 20 carbon atoms,
more preferably from 1 to 12 carbon atoms and most preferably from 1 to 7 carbon
atoms.

“Substituted hydrocarbyl” refers to a hydrocarbyl radical wherein one or

more, but not all, of the hydrogen and/or the carbon atoms are replaced by a
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halogen, nitrogen, oxygen, sulfur or phosphorus atom or a radical including a

halogen, nitrogen, oxygen, sulfur or phosphorus atom, e.g. fluoro, chloro, cyano,
nitro, hydroxyl, phosphate, thiol, etc.

"Amide" refers to -C(O)-NH-R’, wherein R’ 1s alkyl, aryl, alkylaryl or
hydrogen.

"Thioamide" refers to -C(S)-NH-R’, wherein R’ 1s alkyl, aryl, alkylaryl or
hydrogen.

"Amine" refers to a -N(R’’)R’’’ group, wherein R” and R"’ are
independently selected from the group consisting of alkyl, aryl, and alkylaryl.

"Thioether" refers to -S-R’’, wherein R’’ 1s alkyl, aryl, or alkylaryl.

"Sulfonyl" refers to -S(0),-R’’”’, where R’’’ 1s aryl, C(CN)=C-aryl,
CH,CN, alkyaryl, sulfonamide, NH-alkyl, NH-alkylaryl, or NH-aryl.

Also, alteratively the substituent on the aniline moiety 1s referred to as an
0, m or p substituent or a 2, 3 or 4 substituent, respectively. (Obviously, the 5
substituent 1s also a m substituent and the 6 substituent is an o substituent.

The present invention relates to compounds capable of regulating and/or
modulating tyrosine kinase signal transduction and more particularly receptor and
non-receptor tyrosine kinase signal transduction.

Receptor tyrosine kinase mediated signal transduction is initiated by
extracellular interaction with a specific growth factor (ligand), followed by receptor
dimerization, transient stimulation of the intrinsic protein tyrosine kinase activity
and phosphorylation. Binding sites are thereby created for intracellular signal
transduction molecules and lead to the formation of complexes with a spectrum of
cytoplasmic signaling molecules that facilitate the appropnate cellular response
(e.g., cell division, metabolic effects and responses to the extracellular
microenvironment).

It has been shown that tyrosine phosphorylation sites in growth factor
receptors function as high-affinity binding sites for SH2 (src homology) domains

of signaling molecules. Several intracellular substrate proteins that associate with
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receptor tyrosine kinases have been 1dentified. They may be divided into two

principal groups: (1) substrates which have a catalytic domain; and (2) substrates
which lack such domain but serve as adapters and associate with catalytically active
molecules. The specificity of the interactions between receptors and SH2 domains
of their substrates 1s determined by the amino acid residues immediately
surrounding the phosphorylated tyrosine residue. Differences in the binding
affimties between SH2 domains and the amino acid sequences surrounding the
phosphotyrosine residues on particular receptors are consistent with the observed
differences in their substrate phosphorylation profiles. These observations suggest
that the function of each receptor tyrosine kinase 1s determined not only by its
pattern of expression and ligand availability but also by the array of downstream
signal transduction pathways that are activated by a particular receptor. Thus,
phosphorylation provides an important regulatory step which determines the
selectivity of signaling pathways recruited by specific growth factor receptors, as
well as differentiation factor receptors.

Tyrosine kinase signal transduction results 1n, among other responses, cell
proliferation, differentiation and metabolism. Abnormal cell proliferation may
result in a wide array of disorders and diseases, including the development of
neoplasia such as carcinoma, sarcoma, leukemia, glioblastoma, hemangioma,
psoriasis, arteriosclerosis, arthritis and diabetic retinopathy (or other disorders
related to uncontrolled angiogenesis and/or vasculogenesis, €.g. macular
degeneration).

This invention 1s therefore directed to compounds which regulate, modulate
and/or 1nhibit tyrosine kinase signal transduction by affecting the enzymatic activity
of the RTKs and/or the non-receptor tyrosine kinases and interfering with the signal
transduced by such proteins. More particularly, the present invention 1s directed to
compounds which regulate, modulate and/or inhibit the RTK and/or non-receptor

tyrosine kinase mediated signal transduction pathways as a therapeutic approach to
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cure many kinds of solid tumors, including but not limited to carcinoma, sarcoma,

leukemia, erythroblastoma, glioblastoma, mentngioma, astrocytoma, melanoma and
myoblastoma. Indications may include, but are not limited to brain cancers, bladder
cancers, ovarian cancers, gastric cancers, pancreas cancers, colon cancers, blood
cancers, lung cancers and bone cancers.

Biological data for the compounds of the present invention was generated

by use of the following assays.

VEGEF Stimulated Ca™ Signal in vitro

Automated FLIPR (Fluorometric Imaging Plate Reader) technology was used to
screen for inhibitors of VEGF induced increases in intracellular calcium levels in
fluorescent dye loaded endothehial cells. HUVEC (human umbilical vein
endothelial cells) (Clonetics) were seeded 1n 96-well fibronectin coated black-
walled plates overnight at 37°C/5%CO,; . Cells were loaded with calcium indicator
Fluo-4 for 45 minutes at 37°C. Cells were washed 4 times (Original Cell Wash,
Labsystems) to remove extracellular dye. Test compounds were reconstituted 1n

100% DMSO and added to the cells to give a final DMSO concentration of 0.1%.

For screening, cells were pre-incubated with test agents for 30 minutes, at a single

concentration (10 uM) or at concentrations ranging from 0.01 to 10.0 uM followed
by VEGF stimulation (5Sng/mL). Changes in fluorescence at 516 nm were measured
simultaneously in all 96 wells using a cooled CCD camera. Data were generated by
determining max-min fluorescence levels for unstimulated, stimulated, and drug

treated samples. ICsg values for test compounds were calculated from % inhibition

of VEGF stimulated responses in the absence of inhibitor.
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Protocol for KDR Assay:

KDR Assay:

The cytoplasmic domain of the human VEGF receptor (VEGFR-2) was expressed
as a Histidine-tagged fusion protcin following infection of insect cells using an
enginecred baculovirus. His-VEGFR-2 was purified to homogeneity, as determined
by SDS-PAGE, using nickel resin chromatography. Kinase assays were performed
in 96 well microtiter plates that were coated overmight with 30pg of poly-Glu-Tyr
(4:1) in 10mM Phosphate Buffered Saline (PBS), pH <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>