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HETEROARYL DIHYDROINDOLONES AS KINASE INHIBITORS

CROSS REFERENCE TO RELATED APPLICATIONS
This application is based on, and claims the benefit of, U.S. Provisional
Application No. 60/784,827 filed March 22, 2006, and which is incorporated herein by

reference.

BACKGROUND OF THE INVENTION

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 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
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signaling molecules that facilitate the appropriate cellular response (e.g., cell division,
metabolic homeostasis, and responses to the extracellular microenvironment).

With respect to receptor tyrosine kinases, it 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 identified. 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 is 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 is 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 in 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 in 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).

The RTKSs comprise a large family of transmembrane receptors with diverse

biological activities. The intrinsic function of RTKSs is activated upon ligand binding,

20f117



WO 2007/109596 PCT/US2007/064264

which results in phophorylation of the receptor and multiple cellular substrates, and
subsequently in a variety of cellular responses.

At 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 RTKs, 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 a and B 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 1 (flt-1). Each of these receptors was initially believed to be
receptors for hematopoietic growth factors. Two other subfamilies of RTKs have been
designated as the FGF receptor family (FGFR1, FGFR2, FGFR3 and FGFR4) and the
Met 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, which is incorporated herein by reference.

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, comprising eleven (11) subfamilies (Src, Frk,
Btk, Csk, Abl, Zap70, Fes/Fps, Fak, Jak, Ack and LIMK) have been identified. At
present, the Src subfamily of non-receptor tyrosine kinases is comprised of the largest
number of PTKs and include Src, Yes, Fyn, Lyn, Lck, Blk, Hck, Fgr and Yrk. The Src
subfamily of enzymes has been linked to oncogenesis. A more detailed discussion of
non-receptor tyrosine kinases is provided in Bolen, 1993, Oncogen 8: 2025-2031, which
is incorporated herein by reference.

Many of the tyrosine kinases, whether an RTK or non-receptor tyrosine kinase,

have been found to be involved in cellular signaling pathways leading to cellular signal
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cascades leading to pathogenic conditions, including cancer, psoriasis and hyper immune
response.

In view of the surmised importance of PTKSs 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 Application
No. WO 94/10202; Kendall & Thomas, 1994, Proc. Nat’l Acad. Sci 90: 10705-09; Kim,
et al, 1993, Nature 362: 841-844), RNA ligands (Jellinek, et al, Biochemistry 33: 10450-
56); Takano, et al, 1993, Mol. Bio. Cell 4:358A; Kinsella, et al, 1992, Exp. Cell Res. 199:
56-62; Wright, 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; Mariani, 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-azaindole derivatives (PCT
Application No. WO 94/14808) and 1-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), tricyclic
polyhydroxylic compounds (PCT Application No. WO 92/21660) and benzylphosphonic
acid compounds (PCT Application 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 inappropriate cell proliferation is therefore desirable
and one object of this invention.

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 are hereby incorporated by reference in
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their entirety for the purpose of disclosing starting materials 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.

The following patents disclose and claim similar tyrosine kinase inhibitors: U.S.
Patent No. 6,541,504; 6,559,173; 7,005,444; 6,765,012; 6,699,863; and 7,015,220.

These patents are hereby incorporated by reference in their entirety.

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
uscful for the treatment of diseases related to unregulated TKS transduction, including
cell proliferative diseases such as cancer, atherosclerosis, restenosis, metabolic diseases
such as diabetes, inflammatory diseases such as psoriasis and chronic obstructive
pulmonary disecase, vascular proliferative disorders such as diabetic retinopathy, age-
related macular degeneration and retinopathy of prematurity, autoimmune diseases and

transplant rejection.

Wherein

X is OorS;

Y is O, S or NR?;
Z is [C(RM):]c;

the ring system indicated by figure Il represents a 5 or 6 membered aryl group
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and is preferably selected from the group consisting of
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and is preferably selected from the group consisting of
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R' is selected from the group consisting of halogen, aryl, C; to Csalkyl, CF3, OCFs3,
OCF,H, S(O)R?, (CR*R)4C(0)OR?, O(CR’RH.C(O)OR?, NR*(CR’R")4C(O)R?,
NR*(CR’R*)4C (0)OR?, OP(0O)(OR?),, OC(O)OR?, OCH,0, NR*(CH,):N(R?),,
O(CH)N(R?),, (CR*RY4CN, O(CR’RHCN, (CR’R*)4Ar, NR*(CR’R*)4AT,
O(CR’R*)4Ar, S(O){CR’R™)4Ar, (CR'R™4SO,R?, (CR’RYIC(OINR?),,
NR*(CR’R*)4C(OIN(R?),, O(CR*RH4C(ON(R?),, S(O){CR’RH.C(O)N(R?),, (CR?
R"4OR?, NR*(CR? RM.OR?, O(CR? R*).0R?, S(0){CR* R*)4OR?, C(O)(CR*R*)¢R’,
NR? C(O)(CR*RHR?, OC(O)CR’RH)N(R?),, C(ONCR’RHN(R?),,
NRZC(O)(CR’RH¢N(R?),, OC(O)CR’RYN(R?),, (CR'RNR?, NR*(CR’RHR?,
O(CR’RY4R?, S(O)(CR’RYHR?, (CR'R)¢N(R?),, NRA(CR’RY)N(R?),,
O(CR’RHN(R?),, S(0)s (CR'R*)N(R?)2, N(R”),, OR®, C(O)R’, S(O)R’,
C(O)ArNR’*C(O)Ar, NR*ArNR’C(O)Ar, OArNR*C(0)Ar, SAINR’C(O)Ar,
C(O)ArC(O)(NR?),, OArC(O)(NR?),, NRZArC(O)NR?),, SArC(O)(NR?),
C(0)ArC(O)NR*Ar, OArC(O)NRAr, NR*ArC(O)NR?Ar and SArC(O)NRAr;

R’ is selected from the group consisting of hydrogen, C, to Cs alkyl, C; to Cs alkenyl, C,
to Cg alkynyl, C, to C4 alkylol, lower alkylphenyl, phenyl, (CR*R*)¢Ar, OC(O)R’,
(CR’RM4C(0)OR’, (CR’RY)4SO.R’, (CR*RMN$SONR), (CR? RH)4OR’, (CR?
RH4OSO,R’, (CR*RM)4P(0)(OR), (CR*RNR, (CR’RHN(R'), and
(CR’RY).NR'C(OIN(R"),, wherein N(R*), and N(R"), may form a 3-7 membered
heterocyclic ring and [C(R?),]. may form a 3-7 membered carbocyclic or heterocyclic
ring, for example pyrrolidine, 3-fluoropyrrolidine, piperidine, 4-fluoropiperidine, N-
methylpiperazine, morpholine, 2,6-dimethylmorpholine, thiomorpholine, etc. and said
heterocyclic ring may be substituted with one or more of R?;

R is selected from the group consisting of halogen, C; to Cs alkyl, CF3, OCF3, OCF,H,
(CR’RM4CN, NR*(CR*RM.CN, O(CR’R*).CN, S(O)R?, (CR’R*)4C(O)OR?,
(CR’RM4C(O)R?, (CR’RY)4C(OR?),, NR*(CR*RH4C(0)OR?, O(CR’RY)4C(O)OR?,
S(0){(CR*RM4C(0)OR?, (CR’R*)4Ar, NRA(CR’R*)4Ar, O(CR’RY)Ar, S(O)(CR’RY)AT,
(CR’RM4SO,R?, NRY(CR’RY)4S(0)R?, O(CR*RY)4 S(O)R?, S(O)(CR’RY).S(0):R?,
(CR’RM4C(O)N(R?),, NR (CR’R")4C(O)N(R?),, O(CR’RH4C(ON(R?),,
S(0){(CR*RMNC(OIN(R?),, (CR*RH4OR?, NR? (CR® RYH.0R% O(CR® RY).0R?,
S(0){(CR* RH)4OR?, (CR’R%40S0,R? NR? (CR’? R*).0SO,R?, O(CR* R*).0SO,R?,
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S(0){CR’ RH.0SO;R*(CR’ R*)4P(0)(OR?),, NR? (CR* R*)4P(O)(OR?),, O(CR*
R*4P(0)(OR?),, S(0){(CR’ R*).P(0)(OR?),, C(O)CR’R*4R?, NR? C(O)(CR'RY)R?,
OC(O)CR’RMN¢N(R?),, C(O)CR’RN(R?)2, C(OINR*(CR’RHN(R?),, NR?
C(O)CR*RMNN(R?),, OC(O)(CR’R)N(RY),, (CR’RHR?, NRA(CRR*)4R?,
O(CR’R*)4R?, S(0)(CR’R*)4R?, HNC(O)R?, HN-C(O)OR?, (CR*RM¢N(R?),,
NR*CR’RYN(R?),, O(CR’RHN(R?),, S(O); (CR*RMN¢N(R?),, OP(O)OR?),,
OC(0)OR?, OCH,0, HN-CH=CH, -N(COR*)CH,CH,, HC=N-NH, N=CH-S,
(CR’RM4C=C(CR’RM¢R?, (CR’R")4C=C(CR’R*){OR?, (CR’R™4C=C(CR*RMN(R?),,
(CR’RY4CC(CRRY)4R?,

(CR’R"M4CC(CR’RY.OR?, (CR’RY)4CC(CR’RYN(R?),, (CR*RM4C(O)NCR’RYR?,
(CR’RM4C(O)CR’RY4OR? and (CR*RH4C(O)CR’RMN(R?), and (CR’RY)R’;

R’ and R* may be selected from the group consisting of H, F, hydroxy, C;-Cy alkyl,
(CR*R*)4OR?, (CR*R’);O(CR®*R").OR?, (CR*R”)4COOR® and (CR*R”){N(R®), or CR’R*
may represent a carbocyclic or heterocyclic ring of from 3 to 6 carbons or, alternatively,
(CR’RY)4 and (CR’R*), may form a 3-7 membered carbocyclic or heterocyclic ring;

R’ is an aryl group or a substituted oxindole;

R® is selected from the group consisting of hydrogen, C1-Cs alkyl, hydroxymethyl and
phenyl;

R’ is selected from the group consisting of hydrogen, hydroxyl, F, C; to Cs alkyl, C; to
Cs alkenyl, C; to Cs alkynyl, C; to C4 alkylol, lower alkylphenyl, phenyl,

R*and R’ are selected from the group consisting of hydrogen, hydroxyl, F, C, to Cs
alkyl, C; to Cs alkenyl, C; to Cs alkynyl, C; to C4 alkylol, lower alkylphenyl and phenyl;
a is 0 or an integer of from 1 to 3;

b is 0 or an integer of from 1 to 2;

c is an integer of from 1 to 2;

d is 0 or an integer of from 1 to 5;

¢ is an integer of from 1 to 4; and

fis 0 or an integer of from 1 to 2, and further provided any of said alkyl or aryl radicals
may be substituted with one or two halo, hydroxy, lower alkyloxy or lower alkyl amino

radicals, including cycloalkylamino radicals and wherein the alkyl, or the cycloalkyl
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amino ring, may include an enchained oxygen, sulfur or additional nitrogen atom and
may be substituted with one or two halo or lower alkyl radicals;

and pharmaceutically acceptable salts thereof.

DETAILED DESCRIPTION OF THE INVENTION

[lustrative routes to compounds of the present invention are illustrated in Schemes 1-13

set forth below and are not intended to limit the scope of the invention.

Scheme 1
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Scheme 2
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Scheme 4
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Scheme 5
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Scheme 6
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Scheme 8
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Scheme 9
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Scheme 10
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Scheme 12
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Scheme 13
Ng-C! CH5(COOC,Hs), Ny -CH(COOCHs), DMSO, H,0 Ny~ CH2CO0C,Hs
| (S 2
S _ \
NO, KOt-BU Z~No, LiCl, 120 C Z>No,
t-BuOH
H,, Pd/C N CH,COOC,H5

/
NH, MTBE = H

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

Table 1, below wherein said compounds are represented by formula IV:

wherein Xis O, Y is O, Z is [C(Rz)z], R'and R" are R, R" and R"Y are R* and RY and R""

are R.

19 of 117



WO 2007/109596 PCT/US2007/064264

Table 1 :

Example v % vi
R

Number R IR ROR R
1 F H H |H H H
2 F H H |H CH; H
3 H H H |H CH; H

N
4 F |H H |H 5 N/\g H
5 F H H |H COOH H
6 F H H |H k H

CHs
rCH3
CHs

PN
10 |F |H H|H H

OH
0
11 |F |H H |H i — ] H
0
\ OCH3
12 |F |H H |H § H
H
OCH
13 |F |H H |1 g///\\\//’ 3 H
OCH,
14 |F |H H |H § H
OCH,
H
15 |F |H H |H §///\\WT// H
o)

16 F |H H |H g/\ H
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Example v " w | ow \% vi
Number ROIR RO® R R
()
17 |F |H H |H § PN v[ H
CH,
18 |F |H H |H g N H
OH
19 |F |H H |H § PN H
20 |F |H H |H § N H
OH

I/\N OH
21 F H H |H §/\/N /ﬁ\) H

22 F |H H |H o H
g/\/N
CH,
N/CH3
23 F |H H |H §/\/N H
O/CH3
24 F |H H |H H
g/\/N\CHa
//\OH
25 F |H H |H ! H
g/\/ \CH3
OH
OH
26 F |H H |H H\/ H
g/\/N\CH3
&
NN
27 |F |H Hm| ¢ NN | H
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Example v " w | ow \% vi
Number ROIR RO® R R
0]
NH
28 |F |H H |H g H

/\/\

29 F |H H |H O H

/\/\N
30 F H H |H H

é/\/\N/\
k H
32 F H H | H /\/\GQ/W H

/\/\N
33 F H H | H H

=z

31 F |H H |H

é/\/\
34 F H H |H H
Hs ocH3
35 F H H |H O\ H
COOH
36 F H H |H % H
H3 OCH3

37 F |H H |H T/\/\ H
CH
38 F |H H |H O H

CH3

39 F H H |H g/\/\N/\/N\/CH3 H

CH,

4 |F |H H |H )k H
A A
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Table 2 :
Example ’ ” v v VI
R R R R R R
Number
41 F H H CH,CH; H H
42 F H H H Cl H
43 F H H H H H
Table 3
Example Number | R R |R |[RY R R"
44 H H H CH,CH3; H Cl
45 H H H Ph Br H
46 H H |H |Ph Cl Cl
47 H H H CH,CH; Cl Cl
§ <
48 H H |H |Ph Cl N
(o
G
49 H H |H | CH,CH; H N
(o
§ <
50 H H H Ph Cl N OH
Hm\
51 F H H CH,CH; Cl Cl
52 F H H H Cl Cl
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Table 3
Example Number | R R |R |[RY R" R"
s
53 F |H |H |CHCH, Cl N
H
CH,CH,CH o
2 2
54 Foo[H |H | Cl N
H
55 Foo|m |u |CHCHCH cl cl
3
s
56 H |H |[H |CH.CH; H N
H
s
57 F |H |H |CHCH, H N
H
58 F |H |H |H Cl \D
0
N
59 F |H |H |H cl N/\N
“CH,
60 F |H |H | CH.CH; Cl H
(CH3
61 F |H |H |H Cl é\N/\/N\/CH?’
H
GH3
62 F |H |H |H Cl §\N/\/N\CH3
H
63 F |H |H |H Cl §\N/\/©
H
§ <
N
64 F H (H |H Cl ON\H/O
[T
65 F |H |H |CH.CH; H CF;
66 F |H |H | CH,CH; H H
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Table 4
Example
Number Structure
67
N
HaC
T
68 - )i
O
N
H
CH,
o)
69 F \/
O
N
H
Ph
o/ \S/
70 F /
O
N
H
HaC
o] I\
71 F. | °
(o]
N
(o)
73 _N /
N ‘ °©
N
H
o/;Ej/\A OH
74 A
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The present invention is further directed to pharmaceutical compositions

comprising a pharmaceutically effective amount of the above-described compounds 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 included in

methods for treating diseases comprising proliferation, fibrotic or metabolic disorders,
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for example cancer, fibrosis, psoriasis, atherosclerosis, arthritis, and other disorders
related to abnormal vasculogenesis and/or angiogenesis, such as diabetic retinopathy.

The following defined terms are used throughout this specification:

“Ac” refers to acetyl.

"Ar" refers to aryl.

“THF” refers to tetrahydrofurane.

"Bu" refers to butyl

"DMSO" refers to dimethylsulfoxide

“Me” refers to methyl.

“Et” refers to ethyl.

“tBu” refers to t-butyl.

“iPr” refers to iso-propyl.

"Pr" refers to propyl

“Ph” refers to phenyl.

“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. Certain “pharmaceutically acceptable salts” are the salts of

free acid, e.g. the sodium salt of a carboxylic acid.

“Alkyl” refers to a straight-chain, branched or cyclic saturated aliphatic
hydrocarbon. Preferably, the alkyl group has 1 to 12 carbons. More preferably, it is a
lower alkyl of from 1 to 8 carbons, most preferably 1 to 4 carbons. Typical alkyl groups
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl and
the like. The alkyl group may be optionally substituted with one 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 is a lower alkenyl of from 1 to 8 carbons, most
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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 is a lower alkynyl of from 1 to 8 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
pi 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 is covalently joined to an aryl group. Preferably,
the alkyl is 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 4 heteroatoms as ring
atoms, the remainder of the ring atoms being carbon. Heteroatoms include oxygen, sulfur,
and nitrogen. Thus, heterocyclic aryl groups include furanyl, thienyl, pyridyl, pyrrolyl,
N-lower alkyl pyrrolo, pyrimidyl, pyrazinyl, imidazolyl, tetrazoyl 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 8 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 halogen, nitrogen,

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

etc.

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

“Thioamide” refers to -C(S)-NH-R’ or -NH-C(S)R', wherein R’ is 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’ is alkyl, aryl, or alkylaryl.

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

"LiIHMDS" refers to lithium hexamethyldisilizane.

"MTBE" refers to methyl tertiary butyl ether.

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 appropriate 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 receptor tyrosine
kinases have been identified. 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 is determined by the
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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 is 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 in, 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 is therefore directed to compounds which regulate, modulate
and/or inhibit 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 is 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 cure
many kinds of solid tumors, including but not limited to carcinoma, sarcoma, leukemia,

erythroblastoma, glioblastoma, meningioma, 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.

The invention is further illustrated by the following examples which are
illustrative of a specific mode of practicing the invention and are not intended as limiting

the scope of the claims.
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Preparation |

TH-Furol3.4-blpvnidin-S-one

A solution of furo[3.4-blpyridine-5,7-dione (3.0 g, 20 mumol) in THF 20 mL) is
treated with sodium borohydride (0.75 g, 20 mmol). The reaction rmxture is placed
under an argon atmosphere and the temperature is maintained at 15 °C with a water bath.
Acetic acid (2.4 g, 39 mumol) 1s added dropwise at 15 °C. The reaction mixture 18 stirred
for 4 b and is then concentrated on a rotary evaporator. The crude residue is then treated
with acctic acid (8 mL) and acctic anhydride (8.0 mL) and heated at 100 °C overnight.
The reaction mixture is cooled and concentrated. The residue is purified by
chromatography (silica gel, gradient elution 30% EtOAc/hexane to 50% EtOAc/hexane).
The product coutaining fractions are concentrated to give the title compound as a white

solid (360 mg, 27%;).

Example 1

5-Fluoro-3-(7TH-furo[3.4-blpyridin-3-vlidene}-1.3-dithvdro-indol-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (453 mg, 3.0 mmol.) in THF (3
mkL} 1s placed under an Argon atmosphere and cooled in an ice bath. A solution of
fithium bis{trimethylsilyDamide (6.0 mbL of a 1M in THF, 6.0 mumol, 3 eq.} is added
slowly at 0 “C and the resulting solution 1s stirred for 10 min. The ice-bath is rernoved
and a solution of 7H-furo[3.4-blpyridin-S-one (270 mg, 2.0 mmol} in THF (6 mL) is
added dropwise to the reaction mixture. The resulting solution is stirred at room

temperature for 4 b and poured into a 10 % aqueous HCI sohution (50 mL). After 10 min
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at room temperature, the reaction is heated to ~90 °C for 45 min. and then et stir at room
temperature for 36 h.  The solid which forms is collected by filtration and washed
sequentially with MeOH, EtOAc, EO (3x 5 mL) and dried under vacuum to give the

title compound (200 mg, 37%).

Preparation 2

0
N_ _Me
~
o |l
=
/
O

2-Methyl-furol3.4-blovridine-5,7-dione

A solution of 6-methyl-1,2-pyridine dicarboxylic acid (25 g, 138 mmol} and
acetic acid (42 ml., 733 mmol} in DME (150 mL) is treated with pyridine (22 mlL, 272
mmol} and stirred at room teraperature for 2h. The pale yellow solution is diluted with
ether (250 mL) and then hexane (1250 ml) is added slowly. A white precipitate is
formed. The solution is cooled to 6 °C for 30 min and the white solid is collected by
filtration. The solid is washed with hexane and dried to give the title compound as a

white solid (16.7 g, 74%).

Preparation 3

2-Methyl-7H-furol3.4-bipvridin-3-one

A suspension of 2-methyl-furo]3,4-bipyridine-5,7-dione (15 g, 92 mrool) in THF
{100 mL) is treated with sodium borohydride (3.75 g, 99 mamol) at 15 °C under an argon
atmosphere.  The reaction mixture is then treated dropwise with acetic acid (12 g, 200
mmol) at 15 °C. During this addition gas evolution is observed. The reaction mixture is

stirred at 15 °C for 4 h and is then concentrated. The residue 1s treated with acetic acid
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(40 mL) and acetic anhydride (40 mL). The resulting solution is stirred at 160 °C for 3 h.
The brown solution s cooled to room teraperature and councentrated. The residue is
treated with a 20% aqueous Na(l solution and extracted with chloroform. The organic
extract 18 washed with saturated aqueous NaCl solution, dried over Nay50; and
concentrated. The residue s purified by chromatography (silica gel, gradient elution, 5:1
hexane/cthyl acetate to 2:1 hexane/ethyl acetate). The product containing fractions arc

concentrated to give the title corapound as a white solid (9.03 g, 44%)

Example 2

5-Fluorg-3-(2-methvi-7H-fure{3.4-blpyridin-3-yvlidene}-1.3-dihydro-indoi-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (752 mg, 4.98 mamol.} in THF (5
mL} is placed under an argon atmosphere and cooled in an ice bath. A solution of L1
bis(trimethylsilyljamide (13.2 mL of a 1M in THF, 13.2 mumol) is added slowly at ¢ °C
and the resulting solution is stirred at § °C for 10 min. The 1ce-bath is removed and g
solution of 2-methyl-TH-furo[3,4-blpyridin-S-one (495 mwg, 3.32 mmoly in THF (6 mL) is
added dropwise to the reaction mixture. The resulting solution 1s stirred for 4.5 h and
then poured 1uto 50 mL of agueous 10% HCI solution. After 10 min at room
temperature, the reaction is heated to ~90 °C for 45 min and is then stirred at room
termperature for 36 h. The solid which precipitated from solution is collected by filtration
and washed sequentially with small volumes of MeOH (3x 5 mlL), EtOGAc (3x 5 ml)and
Et;O (3x 5 mL) followed by drying to give the title compound as a yellow solid (450 mg,

48 9%,
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Example 3

3-(2-Methvl-TH-furel3 4-blpyridin-3-vlidene)-1 3-dihvdro-indol-2-one

A solution of 1,3-dibydro-indol-2-one (200 mg, 1.5 mmol.) in THF (2 ml)is
placed under an argon atmosphere and cooled in an ice bath. A solution of L1
bis{trimethylsityDamide (4.0 mL of 2 IM solution in THF, 4.0 mumol) is added slowly at
0 °C and the resulting solution is stirred for 10 min. The ice-bath is then removed and a
solution of 2~-methyl-7H-furo[3,4-blpyridin-3-one (150 mg, 1.00 wmol) in THF (6 mL) is
added dropwise to the reaction mixture. The resulting solution is stirred for 4 h and then
poured into 10% agueous HCI solution (50 mL). After 10 muu at room temperature, the
reaction is heated to ~90 °C for 45 min followed by stirring at room temaperature for 36 h.
The solid which precipitated from solution is collected by filtration and washed
sequentially with small volumes of MeOH, EtOAc, Et;U and dried under vacuum to give

the title compound as a yellow solid {78 mg, 30%).

Preparation 4

2-Methvl-TH-furol3,4-bloyridin-5-one N-oxide

A solution of 2-methyl-7TH-furo[3,4-bipyridin-5-one (150 mg, 1.0 mmol} in
chloroform (5 mL) and dichloromethane (1 mL) is treated with m-chloroperoxybenzoic
acid {258 mg, 1.5 mmol). The reaction mixture is stirred at roorn temperature overnight.

The reaction mixture is concentrated and the residue is purified by chromatography
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(silica gel). The product containing fractions are concentrated to give the title compound

as a solid (122 mg, 73%).

Preparation 5

/

| OH

2-Hvdroxymethvi-7H-furol 3.4-bipvridin-5-one

A solution of Z-methyl-7H-furo[ 3,4-b]pyridin-5-one N-oxide (122 mg, 0.74
mmol} in dichloromethance (2 mal) is heated at reflux. Trifluorcacetic anhydride (1.5 mL,
10 mimol} is added dropwise and heating is continued for approximately 30 min. The
reaction mixture is cooled and concentrated. The residuce is treated with methanol (3 mL)
and triethylamine (2 ml) and stirred until no starting material remained. The reaction
mixture 18 concentrated and the residue is purified by chromatography {silica gel). The

product containing fractions are concentrated to give the title compound (70 mg, 42%).

Example 4

i

5-Fluore-3-(2-morpholin-4-vimethvl-7H-furo{3.4-blpvridin-S-vlidene)-1 . 3~-dihvdro-
indoi-2-one

A sohation of 5-fluore-1,3-dithydro-indol-2-one (113 mg, 8.75 mmol.} in THF (1
mL} is placed under an argon atrosphere cooled in an ice bath. A solution of lithiurm
bis{trimethylsityDamide {2 mL of a 1M solution in THF, 2 mmol} is added slowly at 0 °C
and the resulting solution 1s stirred for 10 min. The ice-bath is removed and a solution of
2-morpholin-4-yimethyl-7H-furo[3,4-blpyridin-5-one (120 rag, 8.5 mmol) in THF (2
ml) is added dropwise to the reaction mixture. The resulting solution is stirred for 4 h
and then poured mto a 10% aqueous HCl solution. The resulting solution is stirred for 48

h at room temperature. The solid which precipitated from solution is collected by
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filtration and washed sequentially with small volumes of MeOH, EtOCAc, Et;O (3x 5 mL).
The residual solid 1s purified by chromatography (silica gel, 5% MeOH in EtOAc). The
product containing fractions are concentrated to give the title compound as a vellow solid

{65 mg, 35 %).

Preparation 6 and Preparation 7

5-0xo-5 7-dihvdro-furol3.4-binvridine-2-carboxaldehvde

A sohation of 2-methyl-7H-fure[3,4-bipyridin-5-one (1.41 g, 9.46 mmol} in
dioxane (50 mL) is treated with selenium dioxide (1.2 g, 10.8 mmel) and the reaction
mixture 18 heated at 100 °C for 3 h. Additional selenium dioxide (1.2 g, 10.8 mmol) i
added at 3 and 6 hours and the reaction mixture is heated at 100 “C. The reaction is
heated at 100 °C for an additional 42h. The reaction mixture is filtered through celite and
washed with dioxane. The filtrate is concentrated under reduced pressure and subject to
chromatography (silica gel, EtOAc/hexane). The high Ry product containing fractions are
concentrated to give 5-Oxeo-5,7-dihydro-tfurof3,4-blpyridine-2-carbaldehyde (1.23 g, 80
%). The low Rf containing fractions are concentrated to give 5-Oxo-5,7-dihydro-

furo|3,4-blpyridine-2-carboxylic acid {159 mg, 9 %).
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Example 5

3-(5-Fluoro-2-0xo-1,2-dihydro-indol-3-viidene)-3,7-dihvdro-fure(3 4-blpvridine-2-

carboxvlic acid

A solution of 5-fluore-1,3-dihydro-indol-2-one (177 mg, 1.17 mmol) in THF (2
ml} ts treated with a solution of lithium bis{trimethylsilyljamide 2.9 mL of a IM
solution in THF, 2.3 mmol) dropwise. The resulting solution is stirred at room
temperature for 15 min. A solution 5-0x0-3,7-dihydro-furo[3,4-blpyridine-2-carboxylic
acid (105 mg, 0.59 mmol} in dimethylformamide (2 mL) is added dropwise to the
reaction mixture. The resulting solution is stirred for 3 h and is then poured into a cold
10% aqueous HCI solution (30 mL). The reaction mixture is stirred at room temperature
for 65 h. The sohid which precipitated from solution 1s coliected by filtration, washed
with water and purified by chromatography (silica gel, MeOH/EtOAc). The product
containing fractions arc concentrated to give the title compound as g reddish solid (54

mg, 29%:;.

$559
Preparation 8

N~
o I/ §
o

2-Dicthvlaminomethvl-7H-furol3.4-blovridin-3-one

A solution of 5-oxo-5,7-dihydro-fure[3.4-blpyridine-2-carbaldehyde (110 mg,
0.68 ramol) in dichloroethane (4 val.) 1s treated with diethylamine (75 ul., 0.68 mmol)
followed by the addition of sodium triacctoxyborohydride (200 mg, .94 mmol). The

reaction mixture is stirred at room temperature for 1.5 b. and then treated with saturated
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aqueous NaHCO: solution. The aqueous layer is extracted twice with EtOAc (2X). The
combined organic extracts are dried, and concentrated. The residue is chromatographed
{silica gel, EtOAc/hexane). The product containing fractions are concentrated to give the

title compound as white solid (90 mg, 61 %).

Example 6

3-(2-Diethviaminomethvi-7TH-furol 3,4-bipvridin-5-viidene)-3-flugre-1.3-dihvdro-indol-
2-one

A sohution of S5-fluoro-1,3-dihydro-indol-2-one (88 mg, 0.58 mmol.) in THF (4
mk.) is placed under an argon atmosphere cooled in an ice bath. A sohution of lithium
bis(trimethylsilyljamide {1.55 mL of a 1M solution in THF, 1.55 mmol) is added slowly
at 0 °C and the resulting solution is stirred for 20 muin. The ice-bath is then removed and
a solation of 2-diethylaminomethyl-7H-furo[3,4-blpyridin-5-one (85 mg, (.39 mmol) in
THF (1 ral) 1s added dropwise to the reaction mixture. The resulting solution 1s stirred
for 3 h and then poured into 10% aqueous HC! solution (20 mL) and stirred for 48 h at
room temperature. The solid which precipitated from solution 1s collected by filtration.
The solid is purified by chromatography (silica gel, gradient elution, 100:1
Chloroforn/McOH to 10:1 Chloroform/McOH). The product containing fractions arc

concentrated to give the title compound (54 mg, 39 %).

Preparation 9

| N\ N/\/N\/
0 |

P
©)

2-11(2-Dicthvlamino-cthvD-methvl-amino l-methvl L -7TH-furel 3. 4-b lpvridin-5-one
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In a process similar to that described in Preparation 8, S-oxo-~3.7-dihydro-
furo[3,4-blpyridine-2-carbaldehyde (110 mg, 0.68 mmol} and N,N-diethyl-N’-
methylethylenediamine (109 ub, 0.68 mmol) are reacted to provide the title compound as

white solid (120 mg, 64 %).

Example 7

3-(2-41(2-Dhethylamino-cthvl-methvl-amino-methyl - 7TH-fure! 3 4-blpyridin-5-viidene)-

3-fluore-1.3-dihvdro-indol-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (125 mg, 0.83 mmol.) in THF (4
mL} is treated with a solution of lithium bis(triracthylsilyhamide (1.66 mL of a IM
solution in THF, 1.66 mmol) dropwise. The resulting solution is stirred for 20 min at
room temperature. A solution of 2-{[(2-dicthylamino-cthyl}-methyl-amino]-methyl} -
TH-furo|3.4-blpyridin-5-one (115 mg, 6.41 mmol) in THF (1.5 mL) is added dropwise to
the recaction mixture. The resulting solution 1s stirred at room temperature for 4 b and
then poured into 10% aqueous HCL solution (30 mL) previously cooled to 0 °C. The ice
bath is removed and the solution is stirred at room temperature for 16 h. The yellow
solution s then cooled and solid NaHCO; is carefully added to adjust the solution to pH
= 8. The aqueous layer is extracted with EtOAc. The combined organic extracts are
dried with anhydrous Na;SO, and concentrated. The solid residue 1s broken up in
isopropy! alcohol to give a yellow solid. The yellow solid is collected by filtration to

give the title compound (102 mg, 61 %).
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Preparation 10

7 K/N\/\O/\/OH

2-44.12-.(2-Hydroxy-ethoxv-ethyli-niperazin-1-vlmethvi} -7H-furol 3.4-blpvridin-5-one

In a process similar to that described in Preparation 8, S-oxo-5,7-dihydro-
furo[3,4-blpyridine-2-carbaldehyde (150 rog, 8.92 mmol) and 1-{2-(2-
hydroxyethoxyjethyl}-piperazine (181 ul., 1.01 mmol} are reacted to provide the title

compound as yellow ol (80 myg, 27 %).

Example 8

5-Fluore-3-(2-14-12-{2-hvdroxv-cthoxy-cthyvll-piperazin- L -vimethvl} -7H-furol3 4~

blpvndin-3-vlidene)-1.3-dihvdro-indol-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (72 mg, 0.47 mmol} in THF (2
mL} is treated with a solution of lithium bis(trimacthylsilyhamide (1.2 mL of a 1M
solution 1n THF, 1.2 mmol) dropwise. The resulting solution is stirred for 10 min at
room temperature. A solution 2- {4-[2-(2-hydroxy-cthoxy)-cthyl]-piperazin-1-yimethyl} -
TH-furo{3,4-blpyridin-5-onc (77 vog, 8.24 mmol) in THF (1.5 mL) and added dropwise to
the reaction mixture. The resulting solution is stirred for 4 h and is then treated with HCl
{4M 1n dioxane, S mL) at 0 °C. The reaction mixture s stirred at roorn temperature for
48 h. The reaction mixture is concentrated and the residue is treated with saturated
aqueous NaHCO;. The aqueous solution is extracted with EtOAc (2x). The combined

organic extracts are dried (MgSQ.) and concentrated. The residue is purified by

390f 117



WO 2007/109596 PCT/US2007/064264

chromatography (silica gel, gradient elution 20:1 chloroform:MeQOH to 10:1
chloroform:MeOH). The product containing fractions are concentrated and the residue 1s
triturated from EtOAc-hexane and collected by filtration to give the title compound as a

yvellow solid (22 mg, 209%).

Preparation 11

2-{5-Hvdroxvy-piperidin-2-vimethvh-7H-turei 3 4-blpyndin-5-one

In a process similar to that described in Preparation 8, 5-ox0-5,7-dihydro-
furo[3,4-blpyridine-2-carbaldehyde (85 mg, 0.52 romol) and 4-hydroxypiperidine (54

mg, .52 mmol} are reacted to provide the title cormpound as yellow oil (80 mg, 27 %).

Example 9

3-Fluoro-3-[2-{(4-hvdroxv-piperidin- 1 -vimethvD-7H-furol 3.4-bipvridin-5-viidenel-1.3-
dihvdro-indol-2-one

A sohution of 5-fluore-1,3-dithydro-indol-2-one (110 mg, 8.72 mmol} tn THF (5
mbL} is treated with a solution of lithium bis(triracthylsilyhamide (1.8 mLofa I M
solution in THF, 1.8 mmol) dropwise. The resulting solution is stirred at room
temperature for 10 min. A solution of 2-(5-Hydroxy-piperidin-2-ylmethyl)-7H-furof 3,4~
bipyridin-5-one (90 mg, 0.36 mmol} in THF (2.5 rwol) is added dropwise to the reaction
mixture. The resulting solution is stirred for 4 h and is poured into a cold 4 M HCI

solution 1n dioxane (4.5 mL) at 0 °C. The resulting mixture is stirred at room
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temperature overnight. The reaction mixture is concentrated to partially remove the
dioxane and is theo partitioned between EtOAc¢ and saturated aqueous NaHCO; solution.
The organic phase is collected and the aqueous phase is extracted with additional EtOAc.
The combined organic extracts are dried (Na,SQy), filtered and concentrated. The
residue is purified by chromatography (silica gel) MeOH-Chloroform). The product
containing fractions arc concentrated to give the title compound as g yellow sohid (41 mg,

30 %).

Preparation 12

2-(4-Hydroxy-piperidin-2-yvimethyl-7TH-furof 3 .4-blpyridin-5-one

In a process similar to that described in Preparation 8, 5-oxo-5,7-dihydro~-furo{3,4-
bipyridine-2-carbaldehyde (85 mg, 0.52 mmol) and 3-hydroxypiperidine (54 mg, 0.52

mmol} are reacted to provide the title compound as yellow otl (100 mg, 77 %).

Example 10

S-Fluoro-3-12-(3-hvdroxv-pineridin-1-vimethvD-7H-Turol 3.4-bIbyridin-5-vlidenel- 1.3~

dihvdro-indol-2-one

A solution of 5-fluoro-1,3-dthydro-indol-Z-one (75 mg, 0.49 mmol) in THF (4
k) 18 treated with a solution of lithium bis(teumethylsilybamide (0.8 ol ofa 1 M

solution in THF, 0.8 mmol) dropwise. The resulting solution is stirred at room
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temperature for 10 min. A solution of 2-(4-hydroxy-piperidin-2-yimethyl)-7H-furo{3.4-
bipynidin-5-one (70 mg, 0.28 romol) in THF (2 mL) 15 added dropwise to the reaction
mixture. The resulting solution is stirred for 6 h. The reaction mixture is treated with
additional lithium bis(trimcthylsiiyhyarmide (0.3 mL of a I M solution in THF, 0.3 ramol)
dropwise and the reaction mixture is stured at room temperature overnight. The reaction
mixture 18 poured into a cold aqueous 10% HCl solution (7 mL). The resulting mixture is
heated to 50 °C for 1 h and then poured into 100 vl ice water. Solid NaHCO; is
carefully added to adjust the pH to 8. The aqueous layer is extracted with EtOAc (2x).
The cormbined organic extracts are dried with NaySOy, filtered and concentrated. The
residue is purified by chromatography (silica gel, MeOH-Chloroform). The product
containing fractions arc concentrated to give the title compound as g yellow sohid (11 mg,

10 %),

Preparation 13

2-11 31oxolan-2-vi-7H-furs] 3.4-blpyridin-3-gne

To a solution of 5-0x0-5,7-dihydro-furof3,4-bipyridine-2-carbaldchyde (100 mg,
0.61 mmol) in anhydrous benzene (5 ml.) is added ethylene glycol (0.1 ml,, 1.77 mmol),
a catalytic amount p-toluenesulfonic acid monohydrate and 4 A mole sieves. The reaction
mixtare is heated at a veflux teraperature for 20 h. The reaction mixture is allowed to cool
to room temperature and saturated. aqueous NaHCO; solution is added. The resulting
mixture is filtered through celite, washed with saturated aqueous NaHCO; and EtOAc.
The isolated organic layer is washed with brine (1X), dried with anhydrous Na,SOy, and
concentrated. The residue is treated with EtOAc-Hexane (1:4) and the light brown solid

which forms is collected by filtration and dried to give the title compound (42 mg, 33 %).
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Example 11

el

(2-11.31Moxolan-2-vI-7TH-Turol 3. 4-blpyndin-5-vldene)-5-flugro- 1. 3-dihvdro-indol-2-

one

A solution of 1,3-dihydro-indol-2-one (45 mg, 0.30 mmol) in THF (0.5 ml) s
placed under an Argon atmosphere and cooled in an ice bath. A solution of lithium
bis{trimethylsityljamide (0.8 mL of a 1.0 M solution in THF, 0.8 mmol} is added slowly
at 0 °C and the resulting solution is stirred for 10 min. The ice-bath is then removed and
a solution of 2-[1,31dioxolan-2-yI-7H-furof3.4-blpyridin-S-one (40 mg. 0.19 mmol) v
THF (1.5 mL} 1s added dropwise to the reaction mixture. The resulting solution is stirred
for 4 h and 1s then poured into a 10% aqueous HC solution (40 rol). The resulting
suspension is stirred at room temperature for 48 h.  The solid which precipitated from
solution is collected by filtration and purified by chromatography (silica gel). The

product containing fractions are concentrated to give the title compound (10 mg, 15 %).

Preparation 14

/N X

o |
A OMe

o)

E-2-(2-Methoxy-vinyl)-7H-furo[3.,4-b]pyridin-5-one

and Preparation 15

/N . OMe
o |
.

O

7-2-(2-Methoxv-vinyl)-7H-furo[3,4-b]pyridin-5-one
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To a suspension of (methoxymethyltriphenylphosphoriur chloride (889 mg, 2.6
mmol} in anhydrous THF (10 mL) is added slowly to a solution of potassium tert
butoxide n tBuOH (2.4 mL of a 1.0 M solution 10 tBuOH, 2.4 mmol) under an argon
atmosphere. The brown reaction mixture is stirred at room temperature for 30 min,
cooled to 0 °C and treated with 5-0x0-3,7-dihydro-furo[3,4-blpyridine-2-carbaldehyde
{326 mg, 2.0 mmol) in one portion. The dark brown reaction mixture is stirred at room
terperature for 3 h and then poured into saturated aqueous NH.Cl solution (30 mL). The
reaction mixture is extracted with EtOAc (2x). The combined organic extracts are dried
Na;SQy, filtered and concentrated. The residue is purified by chromatography (silica gel,
EtOAc/hexane) to give the higher Rf E-isomer, E-2-(2-Methoxy-vinyl)-7H-furo[3,4-
bipyridin-5-one (111 mg, 0.58 mmol) and lower Rf Z-isomer, Z-2-(2-Methoxy-vinyl}-
TH-furo[3.4-blpyridin-S-one (61 mg, 0.32 mrool). Total yield is 45%.

Preparation 16

N OMe

\

2-(2 2-Dhmethoxv-ethvD-7H-furel 3 4-blpyridin-5-one

To a solution of 2-(2-methoxy-vinyl)-7H-furo[3,4-blpyridin-5-one (108 mg, 0.57
mmol} in anhydrous MeOH (10 mL)} is added three drops of concentrated sulfuric acid.
The reaction solution is stirred and heated at 70 °C for 18 h at which time the starting
material is consumed. The reaction mixture is then diluted with EtOAc (100 mL}, and
then washed with saturated aqueous NaHCO; (2x 75 mL). The organic solution is dried

{Na»S04) and concentrated to give the title compound as a brown oil (104 mg, 83 %).
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Example 12

S-Fluore-3-[2-(Z-methoxy-viny-7TH-fure]3.4-blpyndin-3-vlidene]-1,3-dihydro-indol-2-

onec

A solution of 5-fluoro-1,3-dihydro-indol-2-one (176 mg, 1.16 mmol) in THEF (5
ml) is treated with a solution of lithrum bis(trimethylsilyllamide (2.3 mL ofa I M
solution 1n THF, 2.3 mmol) dropwise. The resulting solution is stirred at room
temperature for 10 min. A solution of 2-(2Z-methoxy-vinyh-7H-furo[3,4-blpyridin-5-one
{111 mg, 0.58 mmol) in THF (2 mL) 1s added dropwise to the reaction mixture. The
resulting solution is stirred for 3 h and 15 poured tnto cold 10% aqueous HCI solution (30
mbL} at 0 °C. The resulting mixture is stirred at 50 °C for 1 h and room temperature
overnight. The solid which formed is collected by filtration and dried to give the title

compound as a light brown solid (65 mg, 35%).

Example 13
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A solution of 5-fluore-3-[2-(2Z-methoxy-vinyl)-7H-furo{3,4-blpyridin-5-ylidene -
1,3~dihydro-indol-2-one (27 mg, 0.08 ramol) in 10 mL MeOH is treated with palladivm
{10 % on activated carbon, 27 mg) under an argon atmosphere. The resulting mixture is
subject to hydrogenation at a pressure of 35 psi for 12 h. The reaction mixture is filtered,
concentrated, and the residue is chromatographed {silica gel, MeOH-Chloroform). The
product containing fractions are concentrated to give the title compound as yellow solid

{5 mg, 18 %}.

Example 14

3-12-(2 2-Dnmethoxv-ethyD-7H-furol 3.4-blpvridin-S-vlidenel-5-fluorg-1 . 3-dihvdro-

indoi-2-one

A solution of 5-fluoro-1,3-dihydro-indol-Z-one {141 mg, .93 mmol.} in THF (4
k) 18 treated with a solution of lithium bis(teumethylsilybamide (1. 9wl ofa 1 M
solution in THF, 1.9 mmol}) dropwise. The resulting solution is stirred at room
temperature for 10 min. A solution of 2-(2,2-dimethoxy-cthyl)-7TH-furo{3,4-blpyndin-3-
one (104 mg, 0.47 mmol in THF (1 mL} is added dropwise to the reaction mixture. The
resulting solution is stirred for 1.5 h and 1s then poured into cold aqueous 2N H,504
solution (10 mL} at 0 °C. The resulting mixture is heated at 43 °C for 30 min and then
cooled to room temperature and stirred overnight. The reaction mixture is poured into ice
water {150 mlL) and stirred for 2h. The solid which formed is collected to give the fitle

compound as a brown solid (76 mg, 46 %).
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Example 15

[5-(5-Fluoro-2-oxo-1.2-dihvdro-indol-3-viidene)-3,7 -dihvdro-fure{3.4-blpyndin-2-vii-

acectaldehyde

A solution of 3-[2-(2,2-dimethoxy-ethyl}-7H-furo[3,4-bipyridin-5-ylidene]-5-
fluoro-1,3-dihydro-indol-2-one (52 mg, 0.16 ramol) 1n THF (S il ) is treated with 0.63
mL of an aqueous 2.5 M sulfuric acid solution (0.63 mL). The reaction mixture is heated
to 60 °C for 1 h, cooled to room temperature and poured into 100 mL ice water with
stirring. The brown solid which precipitated is collected by filtration, washed with water,

and dried under vacuum to give the title compound as brown sohid (27 mg, 54 %).

Example 16

5-Fluorg-3-(2-vinvl-7TH-furol 3.4-blpvridin-5-viidene -1 3-dihvdro-indol-2-one

and Examplc 28

47 of 117



WO 2007/109596 PCT/US2007/064264

5-Fluoro-3-[5-fluoro-2(2-0x0-2,3-dihydro-1H-indol-3-yD)ethyl]-1.3-dihydroindol-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (3.38 g, 22.4 mmol.} in THF (100 mL) is
treated with a solution of hithrum bis(trimethylsilyDamide (45 mL of a 1 M solution in
THF, 45 mmol) dropwise. The resulting solution is stirred at room temperature for 13

min and then treated with 2-vinyl-7H-furo{ 3,4-blpyndin-5-one (1.2 g, 7.45 mmol) in one
portion. The reaction mixture is stirred at room temperature for 2 h. The reaction
mixture is pourcd into a cold aqueous 2 N HCI solution (200 mL). The ice bath is
removed and the reaction mixture is heated at 50 °C for 2 h and then stirred at room
temperature overnight. The reaction mixture is treated with 100 mL ice water and stirred
for 30 voin. The yellow sohid is collected by filtration and dried. The solid is purified by
chromatography (silica gel, MeOH-Chloroform) and the product containing fractions
concentrated. The residue 1s triturated with McOH and the solid is collected by filtration
and dried to give 5-Fluoro-3-(2-vinyl-7H-furo|3,4-blpyridin-3-ylidene)-1,3-dihydro-
indol-2-onc (Example 6) as an orange solid (0.82 g, 37%). The filtrate 1s absorbed to
stlica gel and subjected to chromatography (silica gel, EtOAc-hexane) to afford (Example
28} as a yeliow solid (50 mg, 1.5%).

Example 16

S-Fluoro-3-(2-vinvl-7TH-fure[3.4-blpyridin-5-vlidene)-1,.3-dihyvdro-indol-2-one

A solution of 5-fhuoro-1,3-dihydro-indol-Z-one (1.13 g, 7.44 mmwol) in THF (70

mL} is placed under an Argon atmosphere and cooled in an ice bath. A solution of
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lithium bis(trimethylisilylyamide (14.9 mL of a 1.0 M solution in THF, 14.9 mmol} is
added slowly at ¢ °C and the resulting solution is stirred for 10 min. Solid 2-vinyl-7H-
furo[3,4-blpyridin-5-one (600 mg, 3.72 mmol} is added in one portion. The reaction
mixture is stirred for 4.5 h and then poured into an aqueous 1N HCl solution (150 mL).
The resulting mixture is stirred at room teraperature for 70 b during which time a yellow
solid precipitated from solution. The solid is collected by filtration and washed with
aqueous 10% HCI solution, MeOH (3x 53 mL) and B0 (3x 5 mL). The solid 1s dried

under vacuum overnight to give the title compound (260 mg, 24 %).

Example 17

5-Fluorg-3-12-(2-morpholin-4-vi-ethvD-7H-furel 3. 4-blpvridin-5S-vlidene1-1.3-dihvdro-

indol-2-one

A sohution of 5-fluore-1,3-dthydro-indol-2-one (70 mg, 0.46 mmol} in THF (0.6
mL} is placed under an Argon atmosphere and cooled in an ice bath. A solution of
fithium bis(trimethyisilybyamide (1.2 mL of a 1.0 M solution in THF, 1.2 muimol) 1s added
slowly at ¢ °C and the resulting solution is stirred for 10 min. The ice-bath 1s then
removed and a solution of 2-(2-morpholin-4-yl-cthyl}-7H-furo[3,4-blpyridin-5S-one (RO
mg, 0.32 mmol} in THF (2 mL} and added dropwise to the reaction mixture. The
resulting solution is stirred for 4 h and then poured into an aqueous 10% HCI solution (40
mlE}. The resulting suspension is stirred at room termperature for 48 h. The yellow solid
which precipitated from solution is collected by filtration and washed with 10% HCI,
MeOH (3x 5 ml} and ERO (3x 5 ml.), and dried under vacuum overnight o give the title

compound (33 mg, 27%).
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Example 18

3-12-{2-Dhethvliamino-ethvl-7H-furo[ 3.4-bpyridin-5-viidene - 5-fluoro-1.3-dihvdro-

indol-2-ong

A solution of 5-fluoro-3-(2-vinyl-7H-furo[3.4-blpyridin-5-ylidene)-1,3-dihydro-
ndol-2-one (60 mg, 0.20 mrool) and dicthylamine (250 mg, 3.42 munol) are reacted in a
sealed tube at 100 °C for 2 h. The reaction vessel is cooled and additional dicthylamine
{250 mg, 3.42 romol) in dioxane (10 mk) is added. The reaction vessel is sealed and
heated at 100 °C overnight. The reaction mixture is cooled and treated with triethylamine
(15 drops). The reaction muxture is loaded onto silica gel and purified by
chromatography (silica gel, MeOH-Chloroform). The product containing fractions are

concentrated to provide the title compound (13 mg, 18%) as a yellow solid.

Example 19

5-Fluore-3-{2-12-(4-hvdroxy-piperidin-1-vhi-ethvl]-7H-furof 3. 4-blpvridin-S-vlidenc } -

1.3-dihvdro-indol-2-one

A solution of 5-fluoro-3-(2-vinyl-7TH-turo[3,4-bIpyridin-5-ylidene)-1,3-dibhydro-
indol-2-one (50 mg, 0.17 mmol} in dioxane (10 mL) s treated with 4-hydroxypiperidine

(260 mg, 2.57 ramol) and 10 drops of glacial AcOH. The reaction is stirred at 100 °C for
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1h and then cooled to room temperature. The reaction mixture is treated with
tricthylamine (2 L) and is loaded onto silica gel. Purification by chromatography (silica

gely gave the title compound (57 mg, 85%.

Example 20

5-Fluoro-3-{2-12-(3-hydroxy-piperidin-1-vh-ethyvl]-7H-furo[ 3.4-blpyridin-S-viidene } -

1,3-dthvdro-indol-2-one

Following the method described in Example 19, 5-fluoro-3-(2-vinyl-7H-furo[3,4-
bipyndin-5-ylidene)-1,3~dihydro-indoi-2-one (50 mg, .17 mmol) and 3-
hydroxypiperidine (300 mg, 2.67 mmol) are reacted to provide the title compound (45

mg, 67%).

Example 21

5-Fluorg-3-12-{2-14-12-(2-hvdroxy-cthoxv-cthyl-piperazin-1-vi} -ethvD-7H-fure{3.4-

bipvrdin-3-vlidenel-1.3-dihvdro-indel-2-one

Following the method described in Example 19, 5-fluoro-3-(2-vinyl-7H-furs{ 3,4~
blpyridin-5-ylidene)-1,3-dihydro-indol-2-one (45 mg, 0.153 mmol) and 1-
bydroxyethoxypiperazine (300 mg, 1.72 mmol) are reacted to provide the title compound

(18 mg, 25%).
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Example 22

1-42-15-(5-Fhyoro-2-oxo-1,2-dihvdro-indol-3-viidene}-5. 7-dihvdro-fure[3.4-blpyridin-2-

vil-ethylt-piperidine-4-carboxvlic acid ethvl ester

Following the method described in Example 19, S-fluoro-3-(2-vinyl-TH-furo{3,4-
blpyridin-5S-ylidene)-1,3-dihydro-indoi-2-one (50 mg, .17 mmol) and ethyl isonipecotate
{300 myg, 1.96 ramol) are reacted to provide the title compound (20 mg, 26%).

Example 23

5-Fluoro-3-{2-[2-(4-methyl-piperazin-L-vi-cthyl}-7H-furo[3.4-blpyridin-5-vlidene}-1,3-

dihvdro-indol-2-one

Following the method described in Exaraple 19, 5-tluoro-3-(2-vinyl-7TH-furo[3.4-
bipyridin-5-ylidene}-1,3-dihydro-indol-2-one (60 mg, 0.20 mmol) and N-
methylpiperazine (300 mg, 3.00 mmol) are heated 100 °C for 2 h. The reaction mixture
is cooled and treated with triethylamine (10 drops). The reaction mixture is loaded onto
stlica gel and purified by chromatography (silica gel, gradient clution, 2%
MeOH/Chloroform to 20% MeOH/chloroform ) to provide the title compound (80 mg,

100%) as a yellow solid.
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Example 24

CH

S-Fluore-3-(2-{2-1(2-methoxy-ethyD-rethyl-aminol-ethyl} -7TH-furof 3.4-blpvridin-5-

vlidene)-1.3-dihvdro-indol-2-one

Following the method described in Example 19, 5-fluoro-3-(2-vinyl-7H-furo{3,4-
blpyridin-5-ylidene)-1,3-dihydro-indol-2-one (80 rog, 0.27 mmol) and (2-
methoxyethyDmethylamine (450 mg, 5.04 nimol) are heated 100 °C for 2 h. Additional
(Z-methoxyethylymethylamive 1s added and heating is continued for 1 hr. The reaction
mixture is cooled and treated with triethylamine (10 drops). The reaction mixture is
loaded onto silica gel and purified by chromatography (silica gel, McOH-Chloroform).
The product containing fractions are concentrated and triturated with EtOAc-hexane.
The solid obtained 1s collected by filtration and dried to provide the title compound (55

mg, 53%) as a yellow solid.

Example 25

S-Fluoro-3-(2-{2-1{2-hvdroxv-ethyD-methyvl-aminol-ethv}-7TH-Turcel 3.4-blpvridin-5-

vlidene)-1,3-dihvdro-indol-2-one

Following the method described in Example 19, S-fluoro-3-(2-vinyl-TH-furo{3,4-

blpyridin-5-ylidene)-1,3-dihydro-indoi-2-one (65 mg, (.22 mmol) and (2~
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methoxyethyDmethylamine (300 mg, 3.99 nimol) and AcOH (12 drops) are heated 100
°C for 2 h. Additional (2-methoxyethyhmethylamine is added and heating s continned
for 1 br. The reaction mixture is cooled and treated with triethylamine (10 drops). The
reaction mixture is loaded onto silica gel and purified by chromatography (stlica gel,
MeOH-Chloroform). The product containing fractions are concentrated and the residue
is triturated with EtOAc-hexane. The solid which formed is collected by filtration and

dried under vacuum to provide the title compound (53 mg, 653%) as a yellow solid.
ped v

Example 26

3-(2-42-1(2 3-Dihvdroxy-propvh-methvl-amino l-ethvi - 7H-fure[3.4-bioyridin-S-

vlidene}-S-fluoro-1,3-dihvdro-indol-2-one
Following the method described in Exaraple 19, 5-tluoro-3-(2-vinyl-7TH-furo[3.4-
blpyridin-53-ylidene}-1,3-dihydro-indol-2-one (65 mg, 0.22 mmol) and are converted to

the title compound.

Example 27
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3-(2-{2-{(2-Dicthylamino-cthyl-methyl-amino}-cthyl} -7H-furof 3.4-bipyridin-5-

viidene)-S-fluore-1.3-dihvdro-indol-2-one

Following the method described in Example 19, S-fluoroe-3-(2-vinyl-7TH-furo[3,4-

bipyridin-5-ylidenc)-1,3-dihydro-indol-2-onc and arc converted to the title compound

Preparation 17

2-(3-Morpholin-4-vi-propyl)-7H-furo[3.4-blpyridin-5-one

In a process similar to that described in Preparation 8, 3-(5-Oxo-3,7-dihydro-
furo[3,4-blpyridin-2-yl}-propionaldehyde and morpholine are reacted to provide the title

compound.

Example 29

5-Fluorg-3-12-(3-mormholin-4-vl-propyD-7H-furel 3. 4-b lnpvridin-5-vlidenel- 1 .3-dihvydro-

indol-2-ong

A sohution of S5-fluoro-1,3-dihydro-indol-2-one (190 mg, 1.26 mmel.) in THF (1
mk.) is placed under an argon atmosphere cooled in an ice bath. A sohution of lithium
bis(trimethylsilylyanude (4 mL of'a 1M 1n THF, 4 mmol) is added slowly at 0 °C and the
resulting solution is stirred for 10 min. The ice-bath is then removed and a solution of 2-
{3-Morpholin-4-yl-propyl}-7H-furo[3,4-blpyridin-5-one (220 mg, .84 mmel) in THF (15

k) 18 added dropwise to the reaction mixture. The resulting solution is stirred for 4.5 h
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and then poured into an aqueous 10% HCl sohution (50 mL). The resulting solution is
stirred for 70 h at room temperature. The solid which precipitated from solution is
collected by filtration and washed sequentially with small volumes of MeOH, EtOAc,
and Et,O and dried under vacuum give the title compound (110 mg, 33 %;).

Preparation 18

2-13-{4-Hvdroxv-piperidin-1-v-propvl-7TH-lurol3.4-blpyridin-5-one

In a process similar to that described in Preparation 8, 3-(5-Oxo-3,7-dihydro-
furo|3,4-blpyridin-2-yl}-propionaldehyde and 4-hydroxypiperidine are reacted to provide

the title compound.

Example 30

5-Fluorg-3-{2-13-(4-hvdroxv-pimeridin-1-vl -propvil-7TH-furel3.4-bloyridin-S-videne L -

1,3-dthvdro-indol-2-one

A sohution of S5-fluoro-1,3-dihydro-indol-2-one (163 mg, 1.09 mmeol.) in THF (2
mk.) is placed under an argon atmosphere cooled in an ice bath. A sohution of lithium
bis(trimethylsilylyanude (3.6 mL of a 1M in THF, 3.6 mruol, 5 eq.) is added slowly at 0
°C and the resulting solution is stirred for 20 min. The ice-bath is then removed and a
solution of 2-{3-(4-Hydroxy-piperidin-1-y)-propyl]-7H-furo{3,4-bpyridin-5-one (200
mg, .72 mmel) in THE (1 mL) is added dropwise to the reaction mixture. The lactone
does not dissolve well, so rest of the lactone is added as a solid. The resulting solution is

stirred for 3 h and then poured into 10% aqueous HCI solution (50 ml) and stitred for 48
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h at room temperature. Extraction with EtOAc followed by chromatography (silica gel,

MeOH/Chloroform) provides the title compound (10 mg) as a solid.

Preparation 19

2-(3-Diethvlamino-propv-7H-Turol 3.4-bipvridin-5-one

In a process similar to that described in Preparation 8, 3-(5-Oxo-3,7-dihydro-
furo|3,4-blpyridin-2-yl}-propionaldehyde (61 mg, 0.32 mmol) and N,N-diethyl-N’-
methylethylenediarnine (33 puL, 0.32 ramol) are reacted to provide the title compound as

white solid (60 mg, 76 %).

Example 31

3-{2-(3-Dicthylamino-propyl)-7H-furo{3.4-blpyridin-3-vlidene}-5-fluore-1.3-dihvdro-

indoi-2-one

A solation of 5-Fluoro-1,3-dihydro-indol-2-one (100 mg) in anhydrous. THF (&
ml} at room teraperature is treated with lithium bis(trimethylsilyhamide (1.0 M solution
in tetrahydrofuran, 1.33 mL, 6 equiv). The resulting mixture is stirred at room
temperature for 10 voin, then 1s added 2-(3-dicthylaroino-propyl)-TH-furo[3 4-blpyridin-
S-one (55 mg, 1 equiv) in one portion. The reaction mixture is stirred at room

temperature until both TLC and HPLC indicated the disappearance of the phthalide. The
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reaction mixture is poured into 10 % agueous HCI solution (10 mL) with stirring. Then it
is heated at 50 °C for 2 h and further stirred at room temperature for an overnight. The
mixture is poured into 100 mL ice water, to which solid NaHCO; is carefully added to
adjust pH to 8. The aqueous layer 1s extracted with EtOAc¢ (2X). Organic layer is
combined, dried with anhydrous Na, SO, filtered and concentrated. The residue obtained
purified by chromatography (silica gel, MeOH-chloroform) to give the titic corapound as

a yvellow solid (31 mg, 37 %).

Preparation 20

2-(3-14-12-{2-Hydroxvy-ethoxvi-ethvll-piperazin- 1-vil-propvh-7H-furol 3.4-bpvridin-5-

In a process similar to that described in Preparation 8, 3-(5-Oxo-3,7-dihydro-
furo[3,4-blpyridin-2-yl)-propionaldehyde (76 wg, 0.4 mmol) and 1-[2-(2-
hydroxyethoxyjethyl]-piperazine (66 ul, 0.4 mmol) are reacted to provide the title

compound as an oil (110 mg, 79 %).

Example 32

S-Fluoro-3-[2-(3- {4-[ 2-(2-hyvdroxy-cthoxvi-ethvli-piperazin-1-vi -propvD-7TH-fure[3.4-

blpvridin-5-vlidenel-1.3-dihvdro-indol-2-one
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A solution of 5-fluoro-1,3-dihydro-indol-2-one {143 mg, 0.95 mmol} in THF {4
mL} at roor teroperature s treated with lithium bis(trimethyisilybamide (1.0 M solation
in tetrabydrofuran, 2.2 mL, 2.2 mmol} and stirred for 10 min. A solution of 2-(3-{4-[2-
(2-Hydroxy-cthoxy}-cthyl]-piperazin-1-yi} -propyl)-7H-furo[3,4-blpyridin-5-one (110
mg, .31 mmol) in anhydrous THF (2 ml) is added. The reaction mixture is stirred at
room temperature for 2 h. The reaction mixture 18 pourced into agueous 2N HCL (10 mL)
with stirring and 1s heated at 60 °C for 2.5 h. The mixture s then poured into 100 mk ice
water, to which solid NaHCO: is carefully added to adjust pH to 8. The aqueous layer is
extracted with chloroform (3X). The corabined organic layers are dried with anhydrous
Na, SOy, and concentrated. The residue purified by column chromatography (MeOH-

chloroform) to give the title compound as a yellow solid (51 mg, 34 %).

Preparation 21

2-13-(3-Hydroxy-piperidin-1-yi}-propyl]-7H-fure[3.4-blpvridin-5-one

In a process similar to that described in Preparation 8, 3-(5-Oxo-5,7-dihydro-
furo[3,4-blpyridin-2-yl}-propionaldehyde (76 mg, 0.4 mmol) and 3-hydroxypiperidine
(41 mg. 0.4 mmol) are reacted to provide the title compound as a white solid (82 mg, 74

%),

Preparation 22

2-43-1(2-Methoxy-¢thyD-methyl-amino]-propyl { - 7H-furo[ 3 4-blpyridin-5-one
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A similar procedure is applied to (0.4 mmol, 1 equiv} and N-{2-
methoxyethyDmethylanmine (43.1 ul, 1 equiv) to yield the above corapound as a light
yellow oil (90 mg, 85.2 %).

Example 33

3-Fhuoro-3-12-[3-(3-hydroxy-piperidin-1-yhi-propyl-7TH-furo[3.4-bipyridin-3-vhidene} -

1.3-dihvdro-indol-2-one

In a manmer similar to that described in Example 29 , 2-[3-(3-Hydroxy-piperidin-
1-yD-propyl}-7H-furo{ 3,4-blpyridin-5-one (80 mg, 1 equiv} is converted to the title
compound as a yellow solid (28 mg, 24 %).

Preparation 22

2-43.1(2-Methoxy-ethyvD-methvl-amino Fpropvl L-TH-furol 3. 4-bbbvridin-5-one

In a process simtilar to that described in Preparation 8, 3-(5-Oxo-5,7-dihydro-furo[3,4-
bipyridin-2-yl)-propionaldchyde (76 mg, 0.4 mmol) and N-(2-methoxyethylymethylamine
(43 ul., 0.4 mimol) are reacted to provide the title compound as pale yellow oil (90 mg,

85 %).
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Example 34

5-Fluore-3-(2-{3-[(2-methoxy-ethyli-methyl-aminol-propyl} - 7H-fure[3 4-blpyridin-5-

viidene-1.3-dihydro-indol-2-one

In a manner similar to that described in Example 29, 2-{3-[(2-Methoxy-cthyl}-
methyl-amino}-propyl } -7H-furo{3,4-b]pyridin-5-onc (83 mg, 1 equiv) is converted to the

title compound as a yellow solid (50.8 mg, 40 %).

Preparation 23

S N
g |l P
COOC,Hs

1-I3-{5-0Ox0-3, 7-dihvdro-turol 3. 4-blpvridin-2-v-propvli-piperidine-4-carboxvlic acid

ethyl ester

In a process similar to that described in Preparation 8 3-(5-0x0-5,7-dihydro-furo{3,4-
blpyridin-2-yl}-propionaldehyde (76 mg, 0.4 mmol) and ethyl isonipecotate (62 puL, 0.4

mmol} are reacted to provide the title compound as white solid (110 mg, 83 %).

Example 35
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1-{3-15-(5-Fhuoro-2-0x0-1,2-dihydro-indol-3-ylidene}-3,7-dihvdro-fure3 . 4-blpyridin-2-

vil-propyit-pineridine-4-carboxvlic acid

COOH

A solation of 5-fluore-1,3-dihydro-indol-2-one (150 mg, 1.0 mmol) in THF (§
wk.) at room temperature is treated with lithtum bis{trimethylistiyljamide (1.0 M solution
in tetrahydrofuran, 2.0 mL, 2.0 mmol) and stirred for 10 ruin. A solution of 1-{3-(5-oxo-
5,7-dihydro-turo[3,4-blpyridin-2-yi-propyl}-piperidine~-4-carboxylic acid cthyl ester
{110 mg, 1 equiv) in anhydrous THF (2 mL) is added. The reaction mixture is stirred at
room teraperature for 3 h. The reaction mixture 18 poured into aqueous 2N HC solution
(10 mL) with stirring. Then it 1s heated at 60 °C for 2 h. To the mixture is then added ice
water (100 mL) foHowed by the carcful addition of saturated aqueous NaHCO; to adjust
the pH to 8. The foanmy suspension is filtered and a greenish yellow solid is obtained.
This material 15 purified by column chromatography to give the title compound as a

yellow solid (48 mg, 33 %).

Preparation 24

N\ N/\/OH
_ |

2-{3-[(2-Hydroxy-cthyl}-methyl-amino |-propyl} -7TH-furo[3.4-bpyridin-5-one
In a process similar to that described in Preparation 8, 3-(5-Oxo-5,7-dihydro-fure[3,4-
blpyridin-2-yl}-propionaldehyde (76 mg, 0.4 mmol) and 2-(methylamino)ethanol (32 ul,

0.4 mmol) are reacted to provide the title compound as an oil (61 mg, 61 %).
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5-Fluorg-3-(2-13-1(2-methoxv-ethyD-methvl-amine l-propvi -7H-{urol 3.4-blpvridin-5-

viidene)-1.3-dihydro-indoi-2-one

In a manner similar to that described in Example 29, 2-{3-[(2-Hydroxy-ethyl)-

methyl-amino}-propyl}-7H-furo{3,4-blpyridin-5-one (85 mg, 1 equiv) is converted to the

title compound as a yellow solid (50.8 mg, 40 %).

Preparation 25

2-43-1(2 3-Inhvdroxv-propyD-methvl-amino -nropvi L -7TH-fure[3.4-blpvridin-S-one

In a process similar to that described in Preparation 8, 3-(5-Oxo0-5,7-dihydro-

furo{3,4-blpyridin-2-yl}-propionaldehyde (139 mg, 0.73 mmol) and 3-methylamino-1,2-
Py yi)-prop yde ( g

propanediol (77 mg, 0.73 mmol) are reacted to provide the title compound as an ol (108

mg, 52 %3}
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Example 37

3-(2-{3-1(2,3-Dihydroxy-propviy-methyl-amino}-propyl } - 7H-furo[ 3.4-bpyridin-5-

viidene)-5-fluore-1.3-dihvdro-indol-2-one

In a manmer similar to that deseribed i Example 29, 2-{3-[(2,3-Dihydroxy-

propyl-methyl-amino}-propyl}-7H-fure{3.4-blpyridin-5-one (107 mg, 1 equiv) is

converted to the title corapound as a yellow solid (10 mg, 6 %).

Preparation 26

2-13-{4-Methvi-piperazin-1-vi}-propvil-7H-furcl 3.4-blpvridin-3-one

In a process similar to that described in Preparation 8, 3-(5-Oxo0-5,7-dihydro-
furo{3,4-blpyridin-2-yl}-propionaldchyde (63 mg, 0.33 mmol) and 1-mcthylpiperazine
{33 mg, 0.33 mumol) are reacted to provide the title compound as white solid {76 mg, 84

%)

D
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Example 38

S-Floorg-3-{2-13-{4-methvi-piperazin-1-vD-pronvi - 7H-furel 3 4-blovridin-S-viidene -

1.3-dihvdro-indol-2-one

In a manner similar to that described in Example 29, 2-[3-(4-Mecthyl-piperazin-1-
yh-propyl}-TH-furo[3.4-blpyridin-S-one (76 mg, 1 equiv}) is converted to the title

compound as a yellow solid (37 myg, 33 %).

Preparation 27

N\ /\/N\/

—Z

2-43-1(2-Diethvlamino-ethvhD-methvi-amino-propyit -7H-furel 3 4-bIpvridin-3-one

I a process similar to that described in Preparation 8, 3-(5-Ox0-5,7-dihydro-
furo[3,4-blpyridin-2-yi}-propionaldechyde (63 mg, 0.33 mmol) and N N-diethyl-N -
methylethylenediamine (43 mg, 0.32 mamol) are reacted to provide the title corapound as

white solid (64 mg, 63 %)
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Example 39

3-(2-{3-[(2-Dicthylamino-cthyh-methyl-aminol-propyl} -7H-furo[ 3.4-blpyridin-5-

viidene)-5-fluore-1.3-dihvdro-indol-2-one

In a manner similar to that deseribed in Example 29, 2-{3-[(2,3-Dihydroxy-
propy-methyl-arainol-propyl;-7TH-furo[3.4-blpyridin-S-one (64 mg, 1 equiv) is

converted to the title compound as a yellow solid (25 mg, 27 %),

Example 40

3-(5-Fluoro-2-0xo-1,2-dihydro-indol-3-viidene)-3,7-dihvdro-fure(3 4-blpvridine-2-

carboxvlic acid (2-diethvliaming-ethvD-amide

A solation of 5-fluoro-1,3-dihydro-indol-2-one (76 myg, 6.46 mmol) in THF (3
ml} ts treated with a solution of lithium bis{trimethylsilyDamide (1.2 mL ofa 1 M
solution in THF, 1.2 mmol) dropwise. The resulting solution is stirred at room
temperature for 10 min. A solution of 5-0x0-3,7-dthydro-furo[3,4-blpyridine-2-
carboxylic acid (2-diethylamino-ethyl)-amide (70 mg, 0.25 mmol} in THF 2 mL) s

added dropwise to the reaction mixture. The resulting solution 1s stitred for 4 hand 18
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poured into a cold 4M HCl solution in dioxane (3 mL) at 0 °C. The resulting mixture is
stirred at room temperature overnight. The reaction mixtare 1s concentrated to partially
remove the dioxane and is then partitioned between EtOAc and saturated aqueous
NaHCO; solution. The organic phasc is collected and the aqueous phase is extracted
with additional EtOAc. The combined organic extracts are dried (NaS(0y), filtered and
concentrated. The residue 1s purified by chromatography (silica gel, McOH-
Chloroforra). The product containing fraction are concentrated and the residue is treated
with EtOAc-hexane (1:1). The solid is coliected by filtration to give the title compound

as an orange sohid (51 mg, 49%).

Preparation 28

Et
~N
o|N
P
o)

3-Ethyl-3H-furo[3.4-clpyridin-1-one

A solution of 2,2,6,6-tetramethyl-piperidine {20.3 mi, 120 mmol) in a 250 mi
round bottomed flask equipped with a magnetic stirrer, is put under argon atmosphere
and 60 mi of dry THF is added. The reaction mixture is cooled to 78 °C by adding a
controlled amount of dry 1ce to an acctone bath. The cooled reaction mixture 1s treated
dropwise with nBuli sohution (64 mlb of a 2.5 M solution in hexanes, 160 mmol) and
the reaction is let stir at -78 °C for 0.5 h. A solution of isonicotinic acid (4.92 g, 40
mmol) in THF (60 mL) is added dropwise to the reaction at =78 °C. The reaction is
stirred at 78 °C for 1 h and is then warmed to -20 °C. The reaction mixture is treated
with propionaldehyde (7.2 mi, 100 myvol, 2.5 eq) dropwise at -30 °C. The reaction is
stirred at -20 °C for Zh and warmed to room temperature overnight. The reaction
mixture 18 concentrated and the residue 1s dissolved in water and ether. The aqueous
layer is collected and extracted with dichloromethane and ether (6x 50 mi). The aqueous
phase is concentrated and the residuc is dissolved in EtOH (30 mL) and acetic acid (2

k) and heated at retlax overnight under argon. The reaction mixture is cooled to room
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temperature and concentrated. The residue is purified by chromatography (silica gel,

MeOH/chloroform) to give the title compound (0.674 g, 10%) as an o1l

Example 41

3-(3-Ethvl-3H-furol3.4-clpyridin-1-vlidene)-5-tluoro-1.3-dihvdro-indol-2-one

A solation of 5-fluoro-1,3-dihydro-indol-2-one (936 mg, 6.20 ramol.) in THF (6
mL} is cooled to O °C under an argon atmosphere and treated with a solution of lithium
bis(trimethylsiiyhamide (12.4 ml of a 1 M solution in THF, 12.4 mol) dropwise. The
resulting solution is stirred at room temperature for 10 min. A solution of 3-ethyl-3H-
furo[3,4-clpyridin-1-one {674 mg, 4.13 mmol} in THF (7 mL} 13 added dropwise to the
reaction mixture. The resulting solution is stirred for 4 h. The reaction mixture 18 poured
mto aqueous 10% HCH solution (160 mL). The resulting mixture 18 heated to 90 °C for 2
h and stirred at room teraperature for 36h. The precipitate which formed is collected by
filtration, washed with small volumes of ethyl acetate (10x 3 mL) and dried under

vacuum to give the title compound as a yellow solid (720 mg, 59%,).

Preparation 29

Cl
N
o|N
P4
]
0
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4-Chioro-3H-furei3 4-cloyridin-1-one

A solution of 2,2,6,6-tetramethyl-piperidine (4.05 ml, 24 mmol} tn a 100 ml round
bottomed flask cquipped with a magnetic stirrer, 18 put under argon atmosphere and 20
ml of dry THF is added. The reaction mixture is cooled to 30 °C by adding a controlled
amount of dry ice to an acetone bath. The cooled reaction mixture is treated dropwise
with nBali solution (8.8 mL of a 2.5 M solution in hexanes, 22 ramol) and the reaction
is let stir at -50 °C for 0.5 h. Sohid 2-chloro-isonicotinic acid, {1.58 g, 10 mmol) is added
as a solid to the reaction rixture at =50 °C. The reaction is stirred at —50 °C for 0.5 h.
The reaction mixture is treated with paraformaldehyde (7 equivalents) dropwise at -50
°C. The reaction 1s stirred at =50 °C for Zh and warmed to room temperature overnight.
The reaction mixture is concentrated to remove solvent and water and ether are added.
The aqueous layer 1s extracted with ether (6x 50 ml}). The aqueous phasc is treated with
aqueous IN HC solution, until the pH of aqueous layer is ~5 and is then extracted with
ether (2x 40 mL) The aqueous solution is treated with aqueous IN HCI solution until the
pH ~2.  An oily residue separated which from solution is collected to give the title

compound as a yellow o1l (0.62 g, 36%.).

Example 42

3-(4-Chloro-3H-Turol3.4-clpvridin-1-vhidene)-3-fluorg-1.3-dihydro-indol-2-one

A solation of 5-fluoro-1,3-dihydro-indol-2-one (825 mg, 5.46 yamol.) in THF (5

mL} is cooled to § °C under an Argon atmosphere and treated with a sohution of lithium

bis(trimethylsiiyhamide (11 mL of a 1 M solution in THF, 11 mmol) dropwise. The
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resulting solution 1s stirred at room temperature for 10 min. A solation of 4-chlorg-3H-
furo[3,4-clpyridin-l-one (620 mg, 3.67 mmol) 1o THF (7 mL) 1s added dropwise to the
reaction mixture. The resulting solution is stirred for 4 h. The reaction mixture 18 poured
mto aqueous 10% HCH solution (160 mL). The resulting mixture 18 heated to 90 °C for 2
b and then stirred at room temperature for 36 h. The precipitate which formed is
collected by filtration, washed with small volumes of cthyl acetate (10x 3 mL) and dried

under vacuum to give the title compound as a yellow solid (810 mg, 73 %).

Example 43

3-(3H-Furoi3,4-clpyridin-1-viidene)-5-methvl-1.3-dihvdro-indol-2-one

A solation of 3-(4-chloro-3H-furo[3,4-c]pyridin-1-ylidene}-5-fluore-1,3-dihydro-
indoi-2-one (50 mg, 0.17 mmol} is dissolved in ethanol (10 mL) and treated with 5%
PA/C (50 mg), ammonium formate (500 mg, 7.93 mmol) The reaction mixture is stirred at
room teraperature for 24 h. The reaction nuxture is evaporated and the residue is loaded
onto silica gel and purified by chromatography (silica gel). The product containing

fractions are concentrated to give the fitle compound as a yellow solid (20 mg, 45%).

Preparation 30

6-Chlore-1-ethvl-1H-furol 3.4-clpvridin-3-one
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A solution of 2,2,6,6-tetramethyl-piperidine {5 mi, 30 mmol) in a 100 mi round
bottomed flask equipped with a magnetic stirrer, is put voder argon atmosphere and 20
ml of dry THF is added. The reaction mixture is cooled to ~50 °C by adding a controlled
amount of dry ice to an acetone bath. The cooled reaction mixture is treated dropwise
with nBuli solution (16 mL of a 2.5 M solution in hexanes, 40 mmol) and the reaction is
fet stir at that -50C for 0.5 h. A solution of 6-chloro-nicotinic acid (1.58 g, 10 mmol) in
THF (20 mL) 1s added dropwise to the reaction at —50 °C. The reaction 1s stirred at —50
°C for 1.5h and then cooled to -78 °C. The reaction mixture is treated with
propionaldebyde (4.2 wl, 58 mumol) dropwise at -50 °C. The reaction is stirred at =78 °C
for 2h and warmed to room temperature overnight. The reaction mixture is concentrated
to remove solvent and water and ether are added. The aqueous layer 15 extracted with
ether {6x 50 ml). The aqueous phase is treated with aqueous 1N HCl sohation, until the
pH of aqueous layer is ~6 and 1s then extracted with ether (3x 40 mL) The aqueous
solution is treated with aqueous 1N HCI solution until the pH ~2 and solution is heated at
100 °C overnight. An oily residue separates from solution. Dichloromethane is added to
the agueous phase which dissolves the oily residue. Without extracting, the solution 1s
poured into a separatory funnel and the organic phase is collected. The organic phase is
washed with saturated aqueous NaHCO; solution, dried over Nay 30y, filtered and

concentrated to give the title compound (1.45 g, 73%) as a yellow oil.

Example 44

3-(6-Chloro-1-ethvl-1H-furol 3 4-clpvridin-3-viidene -1 3-dihvdro-indol-2-one
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A solution of 1,3-dihydro-indol-2-one (650 mg, 4.77 mmol.} in THF (10 mL) is
cooled to 0 °C under an argon atmosphere and treated with a solution of lithium
bis{trimethylsitylDamide (9.6 mL of a T M solution in THF, 9.6 mmol} dropwise. The ice
bath s removed and  6-chloro-1-cthyl- 1 H-furo[3,4-clpyridin-3-one (630 mg, 3.18 mrmol)
is added directly as a solid. The resulting solution is stirred for 4.5 h. The reaction
mixture is poured into aqueous 10% HCI solution (100 mL) and stirred at room
temperature for 10 min and then heated at 90-100 °C for 2h. The reaction moixture is
cooled to room temperature for 36 h during which time a precipitate formed. The
precipitate which forrmed is collected by filtration and dried to give the title compound as

an orange solid {670 mg, 67 %).

Example 45

3-{7-Bromo-1-phenvl-1H-fure{3 4-¢lpvridin-3-vlidene)-1.3-dihvdro-indol-2-one

A solution of 1,3~dithydro-indol-2-one (225 g, 1.55 mmol) in THF (6 mL) is
cooled to 0 °C under an Argon atmosphere and treated with a solution of lithium
bis{trimethylsilyDamide (3.5 mL of a T M solution in THF, 3.5 mumol) dropwise. The
resulting solution is stirred at room temperature for 10 min. A solution of 7-bromo-1-
phenyl-1H-furo[3.4-¢Jpyridin-3-one (305 mg, 1.0 mmol, AcOH salt) 1s added as a solid
to the reaction mixture. The resulting solution is stirred for 3.5 h. The reaction mixture
is poured into aqueous 10% HCI solution (50 mL) and stirred at room temperature for 48
h. The precipitate which formed is collected by filtration and dried. The solid obtained is
purified by chromatography (silica gel, 30% EtOAc/hexane). The product containing

fractions are concentrated to give the title compound as a yellow solid (120 mg, 27%).
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Preparation 32

6.7-Dichloro-1-phenvi-1H-furei3 4-clovridin-3-one

A solution of 2,2,6,6-tetramethyl-piperidine (7.5 ml, 44 mmol) 1n a 250 mi round
bottomed flask equipped with a magnetic stirrer, is put under argon atmosphere and 30
ml of dry THF is added. The reaction mixture is cooled to ~50 °C by adding a controlled
amount of dry ice to an acetone bath. The cooled reaction mixture is treated dropwise
with nBuli solution (16.3 mb of a 2.5 M solution in hexanes, 40 mmol} and the reaction
is let stir at that -50 °C for 0.5 h. A solation of 5,6-dichloro-nicotinic acid, (3.7 g, 18.5
mmol) in THF (15 mL) s added dropwise to the reaction at —50 °C. The reaction is
stirred at -50 °C for (.5 h. The reaction mixture is treated with benzaldehyde (2.5 mi, 24
mmol) dropwise at -50 °C. The reaction is stirred at —50 °C for 2h and warrned to roorn
temperature overnight. The reaction mixture is concentrated to remove solvent and water
and cther arc added. The aqueous layer 1s extracted with cther (6x 50 ml). The agueous
phase is treated with 1N HCIL until the pH of aqueous layer is ~6 and is then extracted
with ether (3x 40 mL) The aqucous solution is treated with IN HCI solution until the pH
~2 and solution 1s heated at 100 °C overnight. On cooling a white precipitate appeared.
The precipitate is filtered off and washed with bicarbonate and air-dried to give the title

compound (4.6g, 89%) as a white solid.
&
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Example 46

3-{6.7-Dichloro- 1 -phenvi-1H-furo[3.4-¢clovridin-3-vlidene)-1.3-dihvdro-indol-2-one

A sohution of 1,3-dihydro-indol-Z-one (1.31 g, 9.84 mmol.} in THF (10 mL) s
cooled to § °C under an Argon atmosphere and treated with a sohation of lithium
bis(trimethylsilyljamide (10 mL of a | M solution in THF, 10 mmol) dropwise.
Additional THF (6 wol.) 15 added followed by hithium bis(trimethylsilyDamide (9 mL of a
1 M solution in THF, 9.0 mmol) dropwise. The resulting solution is stirred at room
temperature for 10 min. A solution of 6,7-dichloro-1-phenyl-1H-turo[3,4-clpyridin-3-
one (1.78 g, 6.36 mmol) in THF {10 mL} is added dropwise to the reaction mixture. The
resulting sohution is stirred for 4.5 h. The reaction mixture 18 poured into aqueous 10%
HCI solution (125 mL) and stirred at room temperature for 36 h. The precipitate which
formed is collected by filtration and dried under vacuum to give the titic cormpound as an

orange sohd (2.0 g, 80 %;).

Example 47

3-(6.7-Dchloro-1-ethvi-1 H-fure{3.4~-¢lpvridin-3-viidene)-1.3-dihvdro-indol-2-one
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In a manner similar to Example 46, 6,7-dichloro-1-ethyl-1H-furo[3,4-clpyridine-

3-pne and 1,3-dthvdroindol-2-one are converted to the title cormpound.
> o

Example 48

3-(7-Chloro-6-morpholin-4-vi-1-phenvi-1 H-furo{3.4-clpvridin-3-viidene)-1.3~-dihvdro-

indol-2-one

A solution of morpholine (155 mg, 1.78 mmol) in 4 mL of isopropanol is treated
with 3-(6,7-Dichloro-1-phenyl-1H-furof3.4-clpyridin-3-ylidene)-1,3-dihydro-indol-2-one
{100 mg, 0.25 mmol} in one portion and the reaction mixture is heated to reflux
overnight. The reaction mixture i cooled to room temperature, absorbed to silica gel and
purified by chromatography (silica gel, MeOH, chloroform). The product containing

fractions are concentrated to give the title compound as a vellow solid (50 mg, 459%).
B N £

Example 49

3-{1-Ethvl-6-morpbolin-4-vil-1H-furol3.4-¢clpyridin-3-vlidens -1 3-dihvdro-indol-2-one

A solution of morpholine (200 mg, 2.29 mmol) in 4 mL of isopropanol is treated

with 3-{6-Chloro-1-ethyl-1H-furo[3,4-clpyridin-3-ylidene}-1,3-dihydro-indol-Z-one (100
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mg, 0.31 mmol} in one portion and the reaction mixture is heated to reflux for 72 h. The
reaction mixture is cooled to room temperature and the solid which precipitated from
solution 18 collected by filtration and dried to give the title compound as a yellow solid

(61 mg, 54%).

Example 50

3-I7-Chloro-6-(2. 3-dihvdroxv-pronvliamine - 1-{ 1 -propenvi-buta-1 3-dienyl -1 H-Turo! 3.4-

clpyridin-3-vlidenel-1,3-dihydro-indol-2-one

A solution of 3-aming-propane-1,2-diot {225 mg, 2.47 mmol} in 4 mL of
isopropanol 1s treated with 3-(6,7-Dichloro-1-phenyl-1H-furo[3,4-c]pyridin-3-yhdene)-
1,3-dihydro-indol-2-one (100 mg, 0.25 minol} in one portion. The reaction mixture is
heated to reflux overnight, cooled to room termperature and concentrated. The residue is
purified by chromatography (silica gel, gradient elution 5% MeOH/Chloroform to 15%
MeOH/Chloroform). The product containing fractions are concentrated to give the title

compound as a yellow solid (56 mg, 50%:).

Example 51
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3-(6.7-Dichloro-1-ethvl-1H-furo{3.4-clpvridin-3-ylidene i-5-fluore-1,3-dihydro-indol-2-

onc

A sohution of 5-fluore-1,3-dihydro-indol-2-one (1.44 ¢, 9.52 mmol.) in THF (10
wk.) is cooled to O °C under an Argon atmosphere and treated with a solution of lithium
bis(trimethylsilylyanude (19 mL of a | M solution in THF, 19.0 ramol} dropwise. The
resulting sohution is stirred at § °C for 10 nun and then warroed room temperature. A
solution of 6,7-dichloro-1-cthyl-1H-furo[3,4-clpyridin-3-one (1.47 ¢, 6.33 mmol) in
THF (9 L) is added dropwise to the reaction mixture and the reaction mixture is stirred
for 4 h. The reaction mixture is poured into agueous 10% HCI solution (200 mL). The
resulting mixture 18 heated to 100 °C for 2 h and then stirred at room temperature for 36h.
The precipitate which formed is collected by filtration, washed with small volumes of
cthyl acetate (10 x 3 mL) and dried under vacuum to give the title compound as a yellow

solid (810 mg, 35 %).

Example 52

3-(6.7-Dichloro~-1H-furel 3 4-clpyridin-3~viidene-5-fluoro-1.3-dihvdro-indol-2-one

A solation of 5-fluoro-1,3-dihydro-indol-2-one (1.44 g, 9.54 munol.) in THF (10
mL} is cooled to O °C under an argon atmosphere and treated with a solution of lithium
bis(trimethylsilyhamide (19 mL of a 1 M solution in THF, 19.0 mmol) dropwise. The
resulting solution 1s stirred at 0 °C for 10 min and warmed room temperature. A solution
of 6,7-dichloro-1H-furo[3 4-clpyridin-3-one (1.28 g, 6.27 mmol) in THF (9 mL) 18
added dropwise to the reaction mixture. The resulting solution is stirred at room

temperature for 4 h and the reaction mixture is then poured into aqueous 10% HCI
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solution (200 mL). The resulting mixture is heated to 90 °C for 2 h and stirred at room
temperature for 36h. The precipitate which formed is collected by filtration, washed with
small volumes of ethyl acetate (10 x 3 mL}) and dried under vacuum to give the title

compound as a yellow solid (1.43 g, 68 %).

Example 53

3-17-Chloro-1-ethvl-6-(2-morpholin-4-vi-ethylamino - 1H-furel3.4-¢lpvridin-3-viidene -

S-flupro-1.3-dihvdro-indol-2-one

A solution of Z-morpholin-4-yl-ethylamine (178 mg, 1.37 mmol) in 3 mL of dioxane is
treated with 3-(6,7-dichloro-1-cthyl-1H-turo{3 4-clpyridin-3-ylidene)-5-fluoro-1,3-
dibydro-indol-2-one (100 mg, 0.27 muimol) in one portion and the reaction mixture is
heated to 100 °C for 12 hr. The reaction mixture is treated with 12 mL of water and then
heated at reflux for 1 hr. The reaction mixture 1s cooled to room temperature and the
precipitate which formed is collected by filtration and dried under vacuum to give the

title compound as a yellow solid (22 mg, 18%).

Example 54

3-{7-Chloro-6-(2-morpholin-4-vi-cthylamino -1 -propyl-1H-turol 3 4-clpyridin-3-

vlidenel-S-fluore-1,3-dihvdro-indol-2-one
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A solation of 2-morpholin-4-yl-cthylaroine (320 mg, 2.45 mmol) in 3 rol of
dioxane is treated with 3-(6,7-dichloro-1-ethyl-1H-furo[3,4-clpyridin-3-ylidene}-5-
fluoro-1,3-dihydro-indol-2-one (100 mg, 0.26 mmol) in one portion and the reaction
mixtare is heated to 100 °C overnight.  The reaction mixture is concentrated and the
residuc 1s purified by chromatography (silica gel, 5% MceOH/EtOAc). The product
containing fractions are concentrated to give the title compound as a yellow sohid (29 mg,

24 %).

Example 55

3-{6,7-Dichloro-1-propyl-1H-furei3.4-cloyndin-3-vlidene - 5-fluoro- 1 3-dihvdro-indol-2-

onc

A sohution of 5-fluore-1,3-dihydro-indol-2-one (2.88 ¢, 19.1 mmol.) in THF (20
wk.) is cooled to 0 °C under an argon atmosphere and treated with a solution of lithium
bis(trimethylsilylyanude (38 mL of a | M solution in THF, 38.0 ramol} dropwise. The
resulting solution is stirred at § °C for 10 nun and warmed room temperature. A solution
of 6,7-dichloro-1-propyl-1H-furo[3,4-clpyridin-3-one, (3.13 g, 12.72 mmol) in THF (20
k) 18 added dropwise to the reaction mixture. The resulting solution is stirred for 4 h.
The reaction mixture is poured into aqueous 10% HCI solution (350 mL). The resulting
mixture 18 heated to 90 °C for 2 h and then stirred at room temperature for 36 h. The
precipitate which formed is collected by filtration and washed with small volumes of

cthyl acetate (10x 3 mL) to give the title compound as a yellow solid (1.75 ¢, 36 %).
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Example 56

3-11-Ethvl-6-(2-morpholin-4-vi-ethvlamino)-1 H-furol 3 4-clovridin-3-vlidenel-1.3-

dihvdro-indol-2-one

A solution of 2-morpholin-4-yl-cthylamine {320 mg, 2.46 mmol) in 3 mL of
dioxane is treated with 3-(6,7-Dichloro-1-ethyl-1H-furo[3,4-cjpyridin-3-ylidene)-1,3-
dihydro-indol-2-one (100 mg, §.32 mmol) in one portion and the reaction mixture is
heated at 100 °C until no starting material remains.  The reaction mixture is cooled to
room teraperature and concentrated. The residue is purified by chromatography (silica

gel, 5% MeOH-EtOAc) to give the title compound as a solid (36 mg, 28%).

Example 57

3-11-Ethyl-6-(Z2-morpholin-4-vi-ethylamino - | H-furo[3,4-clpyndin-3-viidene}-5-fluoro-

1.3-dihvdro-indol-2-one

A solution of Z-morpholin-4-yl-ethylamine (177 mg, 1.51 mmol} in 3 mbL of dioxane is
treated with 3-(6-Chloro-1-cthyl-1H-furo[3.4-clpyridin-3-ylidene)-5-fluoro-1,3-dihydro-
indol-2-one (100 mg, 0.30 mol) in one portion. The reaction mixture is heated at 100

°C until no starting material remained. The reaction mixture is treated with water (10

80 of 117



WO 2007/109596 PCT/US2007/064264

ml) and heating is continued for 1 hr. The precipitate which formed is collected by
filtration and washed with small amounts of water, EtOAc¢ and ether. The solid obtained

is dried under vacuum to give the title compound as a yellow solid (18 mg, 14 %).

Example 58

3-(7-Chloro-6-morpholin-4-vi-1H-furof 3 .4-clpvridin-3-vhidenc}-5-fluore-1,3-dihvdro-

indol-2-one

A solution of morpholine (137 mg, 2.0 mmol) in 2 mL of dioxane is treated with
3-(6,7-dichloro-1H-furo{3,4-clpyridin-3-yhdene}-1,3-dihydro-indol-2-one (100 mg, 0.27
mmol} 1 one portion and the reaction mixture 1s heated at 100 °C until no starting
material remained. The reaction mixture is cooled to room temperature and
concentrated. The residue 15 purified by chromatography (silica gel, 5% McOH-EtOAcC).
The product containing fractions are concentrated to give the title compound as a solid

(16 mg, 15 %;).

Example 59

3-I7-Chloro-6-{4-methvi-pinerazin-1-v1 - 1H-furol 3. 4-clpvridin-3-vlidenel-5-fluore-1,3-

dihvdro-indol-2-one
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A solution of N-methylpiperazine (137 mg, 1.37 mmol) in 3 mL of dioxane is
treated with 3-(6,7-dichloro-~1-cthyl-1H-furol3,4-clpyridin-3-ylidene)-1,3-dihydro-indol-
2-one (100 mg, 0.27 mmol) in one portion and the reaction mixture is heated at 100 °C
until no starting material remained.  The reaction mixture is cooled to room temperature
and the solid which precipitated from solution s collected by filtration, washed and dried

under vacuum to give the title compound as a solid (90 mg, 83%).

Example 60

3-{65-Chloro-1-ethyl-1H-furo[3 4-clpvridin-3-viidene -5-fluoro-1.3-dihvdro-indol-2-one

A sohation of 5-fluore-1,3-dihydro-indol-2-one (4.71 g, 31.2 mmol.y in THF (30
mL} is cooled to 0 °C under an argon atmosphere and treated with a solution of lithium
bis{trimethylsityDamide {60 mL of a 1 M solution in THF, 60.0 mmol) dropwise. The
resulting solution is stirred at § °C for 10 min and warmed room temperature. A solution
of 6-chloro-1-cthyl-1H-furo[3,4-clpyridin-3-ove, (4.11 g, 20.8 ramol) in THF (30 ml) is
added dropwise to the reaction mixture. The resulting solution is stirred for 4 h. The
reaction mixture 1s poured mnto aqueous 10% HCl solution (350 wl). The resulting
mixture 18 heated to 90 °C for 2 h and then stirred at room temperature for 36h. The
precipitate which forms 1s collected by filtration and washed with sroall volumes of cthyl

acetate (10x 3 mL) and dried to give the title compound as a yellow solid {2.37 g, 34%).
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Example 61

3-I7-Chlore-6-(2-dicthviamino-cthyvlaminge)- 1 H-furoe[3.4-clpynidin-3-viidene l-3-fluoro-

1.3-dihvdro-indol-2-one

A solution of amine (320 mg, 3.40 mmol) n 3 mL of dioxanc is treated with 3-(6,7-
dichloro-1-ethyl-1H-furo{3,4-clpyridin-3-ylidene)-1,3-dihydro-indol-2-one (100 mg, 0.27
mmol) in one portion and the reaction mixture 18 heated at 100 °C until no starting
material remained. Water (10-12 ml) 15 added and the resulting solution is heated at
100 °C for 1h during which time a precipitate is formed. The reaction mixture is cooled
to room temperature and the solid which precipitated from solution is collected by
filtration, washed and dried under vacuum to give the title compound as a solid (41 mg,

T0%).

Example 62

3-17-Chloro-6-{2-dimethyvlamino-ethvlamine)- 1 H-furo{3.4-chpyridin-3-viidene - 5-fluoro-

1.3-dihvdro-indol-2-one

A solation of 2-dimethylamino-ethylamine (300 mg, 2.80 munol) in 3 mL of

dioxane is treated with 3-(6,7-dichloro-1H-furo[3.4-c]pyridin-3-ylidene)-1,3-dihydro-
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indol-2-one (100 mg, 0.27 mmol} in one portion and the reaction mixture is heated at 100
°C uutil no starting material remaimed. The reaction muxture is treated with water (10-12
ml} and heated at reflux for 1h. The precipitate which formed is collected by filtration
and washed sequentially with water, cthyl acctate and cther. The solid obtained 1s dried

under vacuum to give the title compound as a solid (73 mg, 70 %}

Example 63

3-I7-Chloro-6-{2-pyrrolidin-1-vi-ethvlaming)-1H-furo{3.4-clpyridin-3-vlidene - 3-fluoro-

1.3-dithvdro-indol-2-one

A solation of 2-pyrrolidin-1-yi-ethylamine (320 g, 2.8 mmol) in 3 mk of
dioxane is treated with 3-(6,7-dichloro-1H-furo[3,4-cpyridin-3-ylidene)-1,3-dihydro-
indol-2-one (100 mg, 0.27 munol) in one portion and the reaction mixture 1s heated at 100
°C until no starting material remains. The reaction mixture is treated with water (10-12
mL} and heated at reflux for th. The precipitate which forrms 18 collected by filtration
and washed scquentially with water ethyl acetate and cther. The solid obtained 1s dried to

give the title compound as a solid (30 mg, 27 %;).

Example 64
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4-I'7-Chlorg-3-(5-fluore-2-ox0-1.2-dihvdro-indel-3-viidene)-1,3-dihvdro-furel 3 4-

¢lnvridin-6-vll-piperazine- 1-carboxvlic acid tert-butyl ester

A solution of piperazine-1-carboxylic acid tert-butyl ester (450 mg, 2.42 mmol)
in 3 mL of dioxane is treated with 3-(6,7-dichloro-TH-furo| 3 ,4-clpyridin-3-vlidene)-1,3~
dihydro-indol-2-one (100 mg, 0.27 mmmol) in onc portion and the reaction mixture is
heated at 100 °C until no starting moaterial remains.  The reaction mixture is treated with
water (10-12 mL) and heated at reflux for 1h. The precipitate which formed is collected
by filtration and washed sequentially with water cthyl acetate and cther. The solid

obtained is dried to give the title compound as a solid (82 mg, 62%).

Example 65

3-{1-Ethyl-6-triflyoromethyl-18-fure]3.4-clpyridin-3-vlidene}-3-fluore-1.3-dihvdro-

indoi-2-onc¢

A sohution of 5-fluore-1,3-dihydro-indol-2-one (99 mg, 0.66 mmol.} in THF (2
wk.) is cooled to O °C under an Argon atmosphere and treated with a solution of lithium
bis(trimethylsilylyanude (1.3 mL of a 1 M solution in THF, 1.3 mumol) dropwise. The
resulting solution is stirred at § °C for 10 nun and warmed to room temperature. A

solution of 1-ethyl-6-trifluoromethyl-1H-furo[3,4-cipyridin-3-one, (100 mg, 0.44 mmol)
in THF (2 mL} is added dropwise to the reaction mixture. The resulting solution is
stirred for 4 h. The reaction mixture is poured into aqueous 10% HCI solution {50 mL).
The resulting mixture is heated to 90 °C for 45 min and then stirred at room teraperature
for 36 h. The precipitate which formed is collected by filtration and dried. The solid

obtained is purified by chromatography (silica gel, 40% EtOAc/hexance). The product
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containing fractions are concentrated to give the title compound as a yellow solid (30 mg,

19 %),

Example 66

3-(3-Ethyl-1H-fure{3 4-clpyridin-3-vlidene}-5-fluorg-1.3-dihydro-indoi-2-one

A solution of 3-(6-Chloro-1-cthyl-1H-furo[3 4-c]pyridin-3-ylidene}-5-fluoro-1,3-
dihydro-indol-2-one (50 mg, 0.15 mmol) in 8 ml cthanol is treated with 50 mg of 5%
Pd/C and ammonium formate (500 mg). The reaction mixture is stirred for 24h at room
temperature. The reaction mixture is concentrated and is then loaded onto silica gel and
purified using 5% MeOH-EtOAc. The product containing fractions are concentrated to

give the title compound (18 mg, 40%).

Preparation 34

5-Ethyvl-SH-furol3.4-blpvridin-7-one

A solution of 2,2,6,6-tetramethyl-pipetidine (20.3 mi, 120 ramol) ina 250 rol

round bottomed flask equipped with a magnetic stirrer, is put under argon atmosphere
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and 60 ml of dry THF is added. The reaction mixture is cooled to 78 °C. The cooled
reaction mixture is treated dropwise with nBul solution (64 mL of a 2.5 M solution
hexanes, 160 mmol} and the reaction is let stir at -78 °C for 5 min. A solution of
picolinic acid (4.92 g, 40 mrool) in THF (60 L)} 1s added dropwise to the reaction at —78
°C. The reaction is stirred at 78 °C for 1 b and is then warmed to -20 °C for 30 min.
The reaction mixture is treated with propionaldehyde (7.2 mi, 100 ramol, 2.5 ¢q)
dropwise at -50 °C. The reaction is stirred at —20 °C for Zh and warmed to room
temperature overnight. The reaction mixture is concentrated and the residue is dissolved
in water and ether. The aqueous layer 1s collected and extracted with dichloromethane
and ether (6x 50 ml}. The aqueous phase is concentrated and the residue is dissolved in
EtOH (30 mL) and acctic acid (2 mL) and heated at reflux overnight under argon. The
reaction mixture is cooled to room temperature and concentrated. The residue is purified

by chromatography (silica gel) to give the title compound (0.70 g, 11 %)

Example 67

3-(5-Ethvl-SH-Turol3.4-blpyridin-7-vlidene}-5-fluoro-1.3-dihvdro-indol-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (366 mg, 6.4 mmol.) in THF (6
mL} is cooled to O °C under an Argon atmosphere and treated with a sohution of hthium
bis(trimethylsilyljamide (12.8 mL of a 1 M solution in THF, 12.8 mmol) dropwise. The
resulting solution is stirred at 0 °C for 10 min and warmed to room temperature. A
solution of 5-ethyl-SH-furo[3,4-blpyridin-7-one, (697 rog, 4.27 mmoly in THF (7 mL} 1s
added dropwise to the reaction mixture. The resulting solution is stirred for 4 h. The
reaction mixture is poured mto aqueous 10% HCI solution (160 mL). The resulting
mixtare is heated to 90 °C for 45 min and stirred at room temperature for 36 b, The

precipitate which formed 1s collected by filtration washed with small volumes of ethyl
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acetate (10 x 3 mL} and dried to give the title compound as a yellow solid (205 mg, 16

%),

Preparation 35

Me
S
O|/
!
O

6-Methvl-6H-thienol 2. 3-cHuran-4-one

A solution of thiophene-3-carboxylic acid (1.00 g, 7.8 mmol) in THF (10 ml.) is added
dropwise to a cold {-80 °C) sohution of lithium bistrimethylsilylamide (8.6 mL ofa 2M
solution} in THF (15 mL}. The resulting pale yellow solution ts warmed to -530 °C and is
stirred at -50 °C for 1 hr during which time a white precipitate is formed. The reaction
mixture 18 cooled to -80 °C and treated dropwise with acetaldehyde (1.2 mb). The white
precipitate gradually disappeared during the addition. The reaction mixture is warmed to
-20 °C and stirred for 30 min. The reaction mixture is then poured into agqueous 2M HC
solution (120 mL). The resulting mixture is stirred at room temperature while a stream of
air 15 blown into the reaction vessel to assist in the evaporation of THF. The white
precipitate which forms is collected by filtration and dissolved in dichloromethane (5
mb} and Et:N (5 mb). The reaction mixture s treated with p-toluenesulfonyl chloride
{0.38 g, 2.0 mmol) and stirred overnight. The reaction mixture is treated with NaHCO;
solution and the organic phase is collected, dried over Na, SO, filtered and concentrated.
The residue is purified by chromatography (silica gel) to give the title corapound (0.39 g,

32%).
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Example 68

S-Fluoro-3-{(6-methvi-6H-thieno{2.3-c Huran-4-vlidene)-1,3-dihvdro-indol-2-one

A solation of 5-fluoro-1,3-dihydro-indol-2-one (453 mg, 3.0 mumol.} in THF (3
mL} s cooled to 0 °C under an Argon atmosphere and treated with a solution of Hthiuro
bis{trimethylsilyDamide (6.0 mbL ofa 1 M solution in THF, 6.0 mmol} dropwise. The
resulting solution is stirred at 0 °C for 10 voin and warmed to room teraperature. A
solution of 6-ethyl-6H-thieno[2,3-c]furan-4-one, (310 mg, 2.0 mmol) in THF (5 mL) is
added dropwisc to the reaction mixture. The resulting solution is stirred for 4 h. The
reaction mixture is poured into aqueocus 10% HCI solution (50 mi). The resuliing
mixture 18 heated to 90 °C for 45 min and stirred at room temperature for 36h. The
precipitate which formed is collected by filtration and dried. The solid obtained is
purified by chromatography (silica gel, ethyl acetate/hexanes) to give the title compound

as a yellow solid.

Preparation 36

Et
S
O|/
i
0]

6-Ethvl-6H-thienol2 3-cHuran-4-one

A solution of thiophene-3-carboxylic acid (1.00 g, 7.8 mmol) in THF (10 mL) is
added dropwise to a cold (-80 °C) solution of hithium bisttimethylsilylamide (8.6 mL of

a 2M solution in solvent) in THF (15 mL). The resulting pale yellow solution is warmed
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to -50 °C and is stirred at -50 °C for 1 hr during which time a white precipitate is formed.
The reaction mixture is cooled to -80 °C and treated dropwise with propionaldehyde (1.2
mL, 16.6 mmol). The reaction mixture is warmed to -20 °C and stirred for 30 min. The
reaction mixture is then poured into agueous 2M HCl solution (120 mL). The resulting
suspension is stirred at room temperature while a stream of atr is blown into the reaction
vessel to assist in the evaporation of THF. The white precipitate which forms is collected
by filtration and dissolved in Dichloromethane (5 mL) and EtsN (5 wl). The reaction
mixture is treated with p-toluenesulfonyl chioride (0.38 g, 2.0 mmol) and stirred
overnight. The recaction mixture is treated with NaHCO; solution and the organic phase
is collected, dried over Na,8Q,, filtered and concentrated to give the title compound (0.33

g, 25%).

Example 69

3-{6-Ethvl-6H-thienol 2.3-c furan-4-vlidene)-5-fluorg-1.3-dihvdro-indol-2-one

A solution of 5-fluoro-1,3~-dthydro-imdol-2-one (440 g, 2.9 mmol.) m THF (3
mL} is cooled to § °C under an Argon atmosphere and treated with a sohution of lithium
bis(trimethylsiiyhamide (5.8 mL of a 1 M solution in THF, 5.8 ramol) dropwise. The
resulting solution is stirred at ¢ °C for 10 min and warmed to room temperature. A
solution of 6-¢thyl-6H-thieno{2,3-clfuran-4-one, (328 mg, 1.94 mmol) in THF (4 mL)
and added dropwise to the reaction mixture. The resulting solution is stirred for 4 b, The
reaction mixture is poured into aqueous 10% HCI solution (100 mL). The resulting
mixtare is heated to 90 °C for 45 min and stirred at room temperature for 36h. The

precipitate which formed is collected by filtration and dried. The solid obtained is
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purified by chromatography (30% EtCAc/hexane). The product containing fractions are

concentrated to give the title corapound as a yellow solid (190 mg, 33 %).

Preparation 37

Ph
S
O|/
!
0]

6-Phenvl-68-thiene{2 . 3-cHuran-4-one

A solution of thiophene-3-carboxylic acid (2.00 g, 15.6 mamol) in THF (20 ;L) is
added dropwise to a cold (-80 °C) solution of lithram bistrimethylsilylamide (17.2 mL of
a 2M solution 34 mmol) in THF (30 mL). The resulting pale yellow solution ts warmed
to -50 °C and 18 stirred at -50 °C for 1 hr during which time a white precipitate is formed.
The reaction mixture is cooled to -80 °C and treated dropwise with benzaldehyde (3.0
mL}. The white precipitate gradually disappeared during the addition. The reaction
mixture 18 warmed to -20 °C and stirred for 30 min. The reaction mixture 18 then poured
into aqueous 2M HCI solution (120 mbL). The resulting mixture is stirred at room
temperature while a strearn of air is blown into the reaction vessel to assist i the
evaporation of THF. The white precipitate which forms is collected by filtration and
dissolved in Diachloromethanc (20 ml) and EtN (12 mbl). The reaction mixture is
treated with TsCl (3.42 g, 17.2 mmol) and stirred overnight. The reaction mixtare is
treated with NaHCO: solution and the organic phase is collected, dried over Na,SQOy,
filtered and concentrated. The residue is purified by chromatography (silica gel, 10%

cthylacetate/hexane) to give the title compound (0.39 g, 12 %).

91 of 117



WO 2007/109596 PCT/US2007/064264

Example 70

5-Fluorg-3-{6-phenvi-6H-thienol 2 3-clfuran-4-vlidene-1.3-dihvdro-indol-2-one

A solution of 5-fluore-1,3-dihydro-indol-2-one (340 mg, 2.25 mmol.} in THF (3
k) 18 cooled to 0 °C under an Argon atroosphere and treated with a solution of Hthiom
bis(trimethylsilyljamide (4.5 mL of a 1 M solution in THF, 4.5 mumol) dropwise. The
resulting sohution is stirred at § °C for 10 min and then warraed to room teraperature. A
solution of 6-phenyl-6H-thienof2,3-clfuran-4-one, (320 mg, 1.5 mamol) in THF (6 mL) is
added dropwise to the reaction mixture. The resulting solution is stirred for 4 h. and then
poured into agueous 10% HCI solution (50 wl). The resulting roixture 1s heated to 90 °C
for 45 min and stirred at room temperature for 36h. The precipitate which formed is
collected by filtration and dried. The solid obtained is purified by chroruatography (silica

gel, ethyl acetate/hexane) to give the title compound as a yellow solid (15 mg, 3 %).

Preparation 38

(NG

NHEt

Thiophene-2-carboxvlic acid ethvlamide

Neat thiophene-2-carbony! chloride (1.46 g, 10 mmol) is added dropwise to a solution of

cthylamine (70% wt/water) in Dichloromethane (8 mb) and Et:N at 0 °C.  Additional
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ethylamine (2.5 mi, 70% wt/water} is added to the reaction mixture and the reaction is
stirred at O °C for 2 hrs and the warmed to room temperature for 2 h. The reaction
mixture is transferred to a separatory funnel and the organic layer is washed sequentially
with aqucous 1N HCI solution, water and saturated aqueous NaHCO; solution.  The
organic phase is collected, dried over Nay8Q,, filtered and concentrated to give the title

compound (1.4g, 90%).

Preparation 39

HO

HeC T N

O S
NHEt

3-Hydroxvmethyl-thiophene-2-carboxvlic acid cthviamide

A solution of thiophene-2-carboxylic acid cthylamide (465 mg , 3 mmol) in dry THF (12
mlL} is cooled to -78 °C under an argon atmosphere. Tert-Buli (53 mL of 2 1.7 M
solution in pentane, 9.0 mmol) is added dropwise at =78 °C and the reaction mixture is
stitred for 3h. The reaction muxture is treated with neat acetaldehyde (3 mL, 53 mumol)
and 1s stirred at -78 °C for 2h and then warmed to room temperature overnight. The
reaction mixture 1s quenched by the addition of water (35 mL). The reaction mixture 18
transeferred to a separatory funnel and the organic phase is collected. The aqueous layer
is extracted 5 times with Dichloromcthane. The combined organic extracts arc washed
with water, and saturated agueous NaCl, dried over Na;50; and concentrated. The
residue is purified by chromatography (silica gel, 25% EtOAc/hexane) to give the title

compound (298 mg, 15 mmol) in 50% yield.

Preparation 40

93 of 117



WO 2007/109596 PCT/US2007/064264

3-Hvdroxymethvi-thiophene-2-carboxvlic acid

A solution of 3-(1-Hydroxy-ethyl)-thiophene-2-carboxylic acid ethylamide (298
mg, 1.5 mamol) in 15 ml of aqueous 6N HCI solution 1s heated at 100 °C for 1.5h. The
reaction mixture is cooled to room temperature and the pH is adjusted to ~8.5 with 30%
aqueous NaOH solution and saturated aqueous sodium bicarbonate solution. The
resulting solution is extracted with Dichloromethane. The aqueous layer is collected and
acidified with agqueous 6N HCI until the pH ~ 1. The resulting solution 1s extracted with
tBuOH-Ether. The combined organic extracts are dried and concentrated to give the title

compound (25 mg, 10%).

Preparation 41

Me

g I\
i S
O

AH-Thienol2.3-¢furan-6-one

A solution of 3-hydroxymethyl-thiophenc-2-carboxylic acid (25 mg, 0.15 mmol)
in dichloromethane (4 ml) and triethylamide (1.5 mL} is treated with p-toluenesulfonyl
chloride (50 rag, 0.26 mumol) and the reaction mixture is stirred at roora temperature
overnight. The recaction mixture is concentrated and the product is purified by
chromatography (silica gel, ethylacetate/hexane) to give the title compound. This

material was used directly in the preparation of Example 70.
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Example 71

S-Fluore-3-(4-methyl-4H-thicno[2.3-clfuran-6-vlidene}-1,3-dihydro-indol-2-ong

A solution of S-thuoro-1,3-dihydro-indol-2-one in THF 18 cooled to 0 °C under an
argon atmosphere and treated with a solution of lthium bis(trimethylsilyljamide
dropwise. The resulting solution is stirred at § °C for 10 min and warmed room
temperature, A solution of 4-methyl-4H-thieno[2.3-clfuran-6-one (0.15 ramol), in THF
is added dropwise to the reaction mixture. The resulting solation is stirred for 4 h. The
reaction mixture is poured mto aqueous 10% HCl solution . The resulting mixture is
heated to 90 °C for 45 min and stirred at room temperature for 36 h. The precipitate
which formed is collected by filtration and dried. The solid obtained is purified by
chromatography (35% EtOAc-Hexanes) to give the title compound as a yvellow solid (38

mg, 87%).
Preparation 42

OH
HsC
| N
O S
NHEt

3-{1-hydroxy-propvhi-thiophene-2-carboxylic acid ethyvlamide

Following the roethod described in Preparation 39, thiophene-2-carboxylic acid

ethylamide (3 mmol) is converted to the title compound.
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Preparation 43
OH
HsC

O
OH

| A\
S

3-{1-Hvdroxv-propyli-thiophene-2-carboxvlic acid

Following the method described in Preparation 40, 3-(1-hydroxy-propyl)-thiophene-2-

carboxyhic acid ethylamide 1s converted to the title corapound.

Preparation 44

Et
a
S
o

4-Ethvl-dH-thienol 2.3-cHuran-6-one

A solution of 3-(1-Hydroxy-propyl)-thiophene-2-carboxylic acid (25 mg) 1n
Dichloromethane (4 mi} and triethylamide (1.5 miL) is treated with TsCl (30 mg) and
reaction 18 stirred at room teraperature overnight. The reaction mixture is concentrated
and the product is purified by chromatography {silica gel, 20% ecthyl acetate/hexane) to

give the title compound (67 mg, 13 %yield).
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Example 72

3-(4-Fthvl-dH-thienol 2. 3-c furan-6-vlidene)-5-fluore-1.3-dihvdro-indol-2-one

A solution of 5-fluoro-1,3-dihydro-indol-2-one (91 mg, 0.6 mmol.} in THF (1
mL} s cooled to 0 °C under an Argon atmosphere and treated with a solution of Hthiuro
bis{trimethylsilyDamide (1.2 mbL ofa 1 M solution in THF, 1.2 mmol} dropwise. The
resulting solution is stirred at 0 °C for 10 voin and warmed to room teraperature. A
solution of 4-ethyl-4H-thieno|2,3-clfuran-6-one, (67 mg, 0.4 mmol) in THF (1.5 mL} is
added dropwisc to the reaction mixture. The resulting solution is stirred for 4 h. The
reaction mixture is poured into aqueous 10% HCI solution (50 mL.). The resulting
mixture 18 heated to 90 °C for 45 min and stirred at room temperature for 36 h. The
precipitate which forrmed is collected by filtration and dried to give the title compound as

a yellow solid (68mg, 57 %;).

Example 73

3-(3H-Isobenzofuran-1-viidene - 1. 3-dihvdro-pyrrole[3.2-blpyridin-2-one

To a solution of 1,3-dihydro-pyrrolo[3,2-b]pyridin-2-one(50mg, 0.37mmol) in
anhydrous N, N-dimethylformamide(5.0ml) was added 1.0M LiHMDS/THF solution

(0.74ml, 0.74mmol) under N,. After the mixture was stirred at room temperature for 10
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minutes, phthalide was added (40mg, 0.30mmol), and then it was continuously stirred at
room temperature for 4 hours. The mixture was poured into 2M HCI (4.0ml), heated at
50°C for 20 minutes and then poured into water (100ml). After cooled to room
temperature, the mixture was basified to pH 9 with saturated NaHCO3 solution, and was
stirred at room temperature overnight. The resulting solid was filtered, washed with
water, dried under vacuum and triturated with chloroform to give 3-(3H-isobenzofuran-1-
ylidene)-1,3-dihydro-pyrrolo[3,2-b]pyridin-2-one as a yellow solid (12mg, 16%).

'H NMR (500 MHz, ds-DMSO) & ppm 5.84 (s, 2 H) 7.05 (dd, J=7.32, 4.88 Hz, 1 H) 7.11
(dd, /=7.81, 1.46 Hz, 1 H) 7.58 - 7.63 (m, 1 H) 7.70 - 7.73 (m, 2 H) 8.13 (d, J=3.42 Hz, 1
H)9.75 (d, /=7.81 Hz, 1 H) 10.53 (s, 1 H)

Example 74

3-15-(3-Hvdroxyv-propvD-3H-isobenzoluran-1-viidenel- 1, 3-dihvdro-nvrrolol 2 3-

blpvridin-2-one

To a stirred solution of 1,3-dihydro-pyrrolo[2,3-b]pyridin-2-one (193mg
(1.44mmol) in anhydrous tetrahydrofuran (10ml) under N2 was added 1.0M
LiHMDS/THF solution (2.9ml, 2.9mmol). The mixture was stirred at room temperature
for 10 minutes, then 5-[3-(tetrahydro-pyran-2-yloxy)-propyl]-3H-isobenzofuran-1-one
(200mg, 0.72mmol) was added. The mixture was stirred at room temperature for 2.5
hours and poured into 1M H,SOy4 solution (20ml). The mixture was heated at 55°C for 15
minutes, cooled to room temperature and poured into an ice water (200ml). The mixture
was basified to pH 9 with NaOH solution and stirred overnight. The solid was filtered,
washed with water and dried under vacuum to give 3-[5-(3-hydroxy-propyl)-3H-
isobenzofuran-1-ylidene]-1, 3-dihydro-pyrrolo [2, 3-b] pyridin-2-one as a brown solid
(20mg, 9%).
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'H NMR (500 MHz, ds-DMSO) & ppm 1.74 - 1.83 (m, 2 H) 2.77 (t, /=7.81 Hz, 2 H) 3.45
(q, /=5.37 Hz, 2 H) 4.54 (t, J=5.13 Hz, 1 H) 5.80 (s, 2 H) 6.97 (dd, /=7.08, 5.13 Hz, 1 H)
7.45(d, /=7.81 Hz, 1 H) 7.51 (s, 1 H) 7.93 - 8.04 (m, 2 H) 9.48 (d, /=8.30 Hz, 1 H) 10.97
(s, 1 H)

LR MS (EI): 308 (M+)

The present invention is not to be limited in scope by the exemplified
embodiments which are intended as illustrations of single aspects of the invention only.
Indeed, various modifications of the invention in addition to those described herein will

become apparent to those skilled in the art from the foregoing description.

All references cited herein are hereby incorporated by reference in their entirety.

The foregoing description details specific methods and compositions that can be
employed to practice the present invention, and represents the best mode contemplated.
However, it is apparent for one of ordinary skill in the art that further compounds with the
desired pharmacological properties can be prepared in an analogous manner, and that the
disclosed compounds can also be obtained from different starting compounds via different
chemical reactions. Similarly, different pharmaceutical compositions may be prepared and
used with substantially the same result. Thus, however detailed the foregoing may appear

in text, it should not be construed as limiting the overall scope hereof.
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Claims:

1. A compound represented by the formula:

Wherein
XisOorS;

Y is O, S or NR?;
Z is [C(R™)];

the ring system indicated by figure Il represents a 5 or 6 membered aryl group
: é
R b |

and is selected from the group consisting of
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the ring system indicated by figure Il represents a 5 or 6 membered aryl group

and is selected from the group consisting of
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R' is selected from the group consisting of halogen, aryl, C; to Csalkyl, CF3, OCFs3,
OCF,H, S(O)R?, (CR*R)4C(0)OR?, O(CR’RH.C(O)OR?, NR*(CR’R")4C(O)R?,
NR*(CR’R*)4C (0)OR?, OP(0O)(OR?),, OC(O)OR?, OCH,0, NR*(CH,):N(R?),,
O(CH)N(R?),, (CR*RY4CN, O(CR’RHCN, (CR’R*)4Ar, NR*(CR’R*)4AT,
O(CR’R*)4Ar, S(O){CR’R™)4Ar, (CR'R™4SO,R?, (CR’RYIC(OINR?),,
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NR*CR’R*)4C(OIN(R?),, O(CR*RH4C(ON(R?),, S(O){CR*RH.C(O)N(R?),, (CR?
R"4OR?, NR*(CR? RM.OR?, O(CR? R*).0R?, S(0){(CR* R*)4OR?, C(O)(CR*R*R’,
NR? C(O)(CR*RHR?, OC(O)CR’RH)N(R?),, C(ONCR’RHN(R?),,
NRZC(O)(CR’RH¢N(R?),, OC(O)CR’RYN(R?),, (CR'RNR?, NR*(CR’RHR?,
O(CR’RY)4R?, S(O){CR’RYHR?, (CR'R)¢N(R?),, NRA(CR’RY)N(R?),,
O(CR’RYHN(R?),, S(0)s (CR'R*)N(R?),, N(R”),, OR®, C(O)R’, S(O)R’,
C(O)ArNR’*C(O)Ar, NR*ArNR’C(O)Ar, OArNR*C(0)Ar, SAINR’C(O)Ar,
C(O)ArC(O)(NR?),, OArC(O)(NR?),, NRZArC(O)NR?),, SArC(O)(NR?),
C(0)ArC(O)NR*Ar, OArC(O)NRAr, NR*ArC(O)NR?Ar and SArC(O)NRAr;

R’ is selected from the group consisting of hydrogen, C; to Cg alkyl, C; to Cs alkenyl, C;
to Cg alkynyl, C, to C4 alkylol, lower alkylphenyl, phenyl, (CR*R*)¢Ar, OC(O)R’,
(CR’RM4C(0)OR’, (CR’RY)4SO.R’, (CR*RMN$SONR), (CR? RH)4OR’, (CR?
RH40SO.R7, (CR*RHGP(O)OR'), (CR’RHR’, (CR’RYHN(R), and
(CR’RY).NR'C(O)N(R"), wherein N(R?), and N(R"), may form a 3-7 membered
heterocyclic ring and [C(R?),]. may form a 3-7 membered carbocyclic or heterocyclic
ring, wherein said heterocyclic ring may be substituted with one or more of R?;

R is selected from the group consisting of halogen, C; to Cs alkyl, CF3, OCF3, OCF,H,
(CR’RM4CN, NR*(CR*R.CN, O(CR’R*).CN, S(O)R?, (CR’R*)4C(O)OR?,
(CR’RM4C(O)R?, (CR’RY)4C(OR?),, NR*(CR*RH¢C(0)OR?, O(CR’RY)4C(O)OR?,
S(0){(CR*RM¢C(O)OR?, (CR’R*)4Ar, NRA(CR’R*)4Ar, O(CR’RY)Ar, S(O){(CR’R*)4AT,
(CR’RM4SO,R?, NRY(CR’RY)4S(0)R?, O(CR*RY)4 S(O)R?, S(O)(CR’RY).S(0):R?,
(CR’RM4C(O)N(R?),, NR (CR’R")4C(O)N(R?),, O(CR’RH4C(ON(R?),,
S(0){(CR*RMN.C(OIN(R?),, (CR®RH4OR? NR? (CR® RY.0R% O(CR® RY).0R?,
S(0){CR* RH)4OR?, (CR’R%40S0,R? NR? (CR’? R*).0SO,R?, O(CR* R*).0SO,R?,
S(0){(CR* RH.0SO,R*(CR? RM¢P(O)OR?),, NR? (CR* R*)P(O)OR?),, O(CR?
RHYP(O)OR?);, S(O){CR? R*).P(O)OR?),, C(O)CR’RYH4R?, NR? C(O)(CR’RY)(R?,
OC(O)CR’RMN¢N(R?),, C(O)CR’RH)N(R?),, C(O)NR*(CR’RHN(R?),, NR?
C(O)CR*RMNN(R?),, OC(O)(CR’R)N(RY),, (CR’RHR?, NRA(CRR*)4R?,
O(CR’R*)4R?, S(0)(CR’R*)4R?, HNC(O)R?, HN-C(O)OR?, (CR*RM¢N(R?),,
NRYCR’RYN(R?),, O(CR’RH)N(R?),, S(O); (CR*RMN¢N(R?),, OP(O)OR?),,
OC(0)OR?, OCH,0, HN-CH=CH, -N(COR*)CH,CH,, HC=N-NH, N=CH-S,
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(CR’RM4C=C(CR’RM¢R?, (CR’R")4C=C(CR’R*){OR?, (CR’R™4C=C(CR*RMN(R?),,
(CR’R"M4CC(CR’RY)4R?,

(CR’R"M4CC(CR’RY0R?, (CR’RY)4CC(CR’RYN(R?),, (CRPRM4C(O)NCR’RY)R?,
(CR’RM4C(O)(CR’RY)4OR? and (CR*RH4C(O)CRRMN¢N(R?), and (CR'RMR’;

R’ and R* may be selected from the group consisting of H, F, hydroxy, C;-Cy alkyl,
(CR*R*)4OR?, (CR*R’);O(CR®*R").OR® , (CR*R”)4COOR® and (CR*R”){N(R®), or CR’R*
may represent a carbocyclic or heterocyclic ring of from 3 to 6 carbons or, alternatively,
(CR’RY)4 and (CR’R*), may form a 3-7 membered carbocyclic or heterocyclic ring;

R’ is an aryl group or a substituted oxindole;

R® is selected from the group consisting of hydrogen, C;-Cs alkyl, hydroxymethyl and
phenyl;

R’ is selected from the group consisting of hydrogen, hydroxyl, F, C; to Cs alkyl, C; to
Cg alkenyl, C; to Cs alkynyl, C; to Cs4 alkylol, lower alkylphenyl and phenyl;

R*and R’ are selected from the group consisting of hydrogen, hydroxyl, F, C, to Cs
alkyl, C; to Cs alkenyl, C; to Cs alkynyl, C; to C4 alkylol, lower alkylphenyl and phenyl;
a is 0 or an integer of from 1 to 3;

b is 0 or an integer of from 1 to 2;

c is an integer of from 1 to 2;

d is 0 or an integer of from 1 to 5;

¢ is an integer of from 1 to 4;

fis 0 or an integer of from 1 to 2, and further provided any of said alkyl or aryl radicals
may be substituted with one or two halo, hydroxy, lower alkyloxy or lower alkyl amino
radicals, including cycloalkylamino radicals and wherein the alkyl, or the cycloalkyl
amino ring, can include an enchained oxygen, sulfur or additional nitrogen atom and may
be substituted with one or two halo or lower alkyl radicals;

and pharmaceutically acceptable salts thereof.

2. The compound of claim 1 wherein Y is O.

3. The compound of claim 1 wherein X is O.

4. The compound of claim 1 wherein X is O and Y is O.

5. The compound of claim 1 wherein bis 0 or bis 1 and R is F.
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6. The compound of claim 4 wherein R® is H.

7. The compound of claim 6 wherein

E

is selected from the group consisting of phenyl and pyridyl.

8. The compound of claim 7 wherein

§

is selected from the group consisting of

e
N
| Nyo—2 ©:R
N ¥
and
9. The compound of claim 5 wherein

80

is selected from the group consisting of pyridyl, thienyl and furanyl.

10. The compound of claim 8 wherein
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%0

is selected from the group consisting of
N
X0 00
N
% LN FANG
SRS

11.

12.

13.

14.

15.

and .

The compound of claim 5 wherein ¢ is 1.

The compound of claim 11 wherein one of R? is hydrogen and the other R* is
selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, i-propyl
and phenyl, CHZCOOH, CHZSOZCH}, CHZSOZN(RZ)Z

The compound of claim 5 wherein ais 0 or ais 1 or 2 and is selected from the
group consisting of halogen, lower alkyl, lower alkenyl, lower alkylether and

amino lower alkyl groups.

The compound of claim 13 wherein R is a amino lower alkyl group and said
amino lower alkyl group comprises from 1 to 3 enchained nitrogen atoms and
from 0 to 2 enchained oxygen atoms and wherein one or more of the hydrogen

atoms in said lower alkyl may be substituted with a hydroxyl, keto or carboxy

group.

The compound of claim 13 where R is a lower alkyl ether group comprising from
1 to 3 enchained oxygen atoms and wherein one or more of the hydrogen atoms in

said lower alkyl may be substituted with a hydroxyl, keto or carboxy group.
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16. The compound of claim 14 wherein said amino lower alkyl group is selected from
the group consisting of 2-morpholin-4-ylmethyl, 2-(2-morpholin-4-yl-ethyl), 3-(4-
hydroxy-piperidin-1-yl)-propyl, 3-Diethylamino-propyl, 2-(3-{4-[2-hydroxy-ethoxy)-
ethyl]-piperazin-1-yl}-propyl, 2-[3-(3-hydroxy-piperidin-1-yl)-propyl, 3-[2-methoxy-
ethyl)-methyl-amino[-propyl, 3-[(2-methoxy-ethyl)-methyl-amino]-propyl, 3-[(2,3-
Dihydroxy-propyl)-methyl-amino]-propyl, 3-(4-methyl-piperazine-1-yl)-propyl and 3-
[(2Diethylamino-ethyl)-methyl-amino]-propyl.

17. The compound of claim 16 wherein said compound is selected from the group
consisting of 5-Fluoro-3-(2-morpholin-4-ylmethyl-7H-furo[3,4-b]pyridin-5-ylidene)-1,3-
dihydro-indol-2-one, 5-Fluoro-3-[2-(2-morpholin-4-yl-ethyl)-7H-furo[3,4-b]pyridin-5-
ylidene]-1,3-dihydro-indol-2-one, 5-Fluoro-3-{2-[3-(4-hydroxy-piperidin-1-yl)-propyl]-
7H-furo[3,4-b]pyridin-5-ylidene }-1,3-dihydro-indol-2-one, 3-[2-(3-Diethylamino-
propyl)-7H-furo[3,4-b]pyridin-5-ylidene]-5-fluoro-1,3-dihydro-indol-2-one, 5-Fluoro-3-
[2-(3-{4-[2-(2-hydroxy-ethoxy)-ethyl]-piperazin-1-yl}-propyl)-7H-furo[3,4-b]pyridin-5-
ylidene]-1,3-dihydro-indol-2-one, 5-Fluoro-3-{2-[3-(3-hydroxy-piperidin-1-yl)-propyl]-
7H-furo[3,4-b]pyridin-5-ylidene }-1,3-dihydro-indol-2-one, 5-Fluoro-3-(2-{3-[(2-
methoxy-ethyl)-methyl-amino]-propyl } -7H-furo[ 3,4-b]pyridin-5-ylidene)-1,3-dihydro-
indol-2-one, 5-Fluoro-3-(2- {3-[(2-methoxy-ethyl)-methyl-amino]-propyl } -7H-furo[3,4-
b]pyridin-5-ylidene)-1,3-dihydro-indol-2-one, 3-(2-{3-[(2,3-Dihydroxy-propyl)-methyl-
amino]-propyl }-7H-furo[3,4-b]pyridin-5-ylidene)-5-fluoro-1,3-dihydro-indol-2-one, 5-
Fluoro-3-{2-[3-(4-methyl-piperazin-1-yl)-propyl]-7H-furo[3,4-b]pyridin-5-ylidene}-1,3-
dihydro-indol-2-one and 3-(2-{3-[(2-Dicthylamino-ethyl)-methyl-amino]-propyl } -7H-
furo[3,4-b]pyridin-5-ylidene)-5-fluoro-1,3-dihydro-indol-2-one.

18. The compound of claim 17 wherein said compound is selected from the group
consisting of 3-[2-(3-Diethylamino-propyl)-7H-furo[3,4-b]pyridin-5-ylidene]-5-fluoro-
1,3-dihydro-indol-2-one 5-Fluoro-3-[2-(3- {4-[2-(2-hydroxy-cthoxy)-ethyl]-piperazin-1-
yl}-propyl)-7H-furo[3,4-b]pyridin-5-ylidene]-1,3-dihydro-indol-2-one,
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5-Fluoro-3-{2-[3-(3-hydroxy-piperidin-1-yl)-propyl]-7H-furo[3,4-b]pyridin-5-ylidene} -
1,3-dihydro-indol-2-one and 5-Fluoro-3-{2-[3-(4-methyl-piperazin-1-yl)-propyl]-7H-
furo[3,4-b]pyridin-5-ylidene }-1,3-dihydro-indol-2-one.

19. The compound of claim 4 wherein

c=1;

is phenyl;
®
0
18
§ N
z \i_Ra
A
%

R is selected from the group consisting of (CR’RY)4N(R?),, NR*(CR’R*) N(R?),,
O(CR’RYN(R?), and C(O)NR*(CR*RMaN(R?),; and
ais 1.

20. The compound of claim 4 wherein

c=1;
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is phenyl;

R is selected from the group consisting of (CR’RY)4N(R?),, NR*(CR’R*) N(R?),,
O(CR’RYN(R?), and C(O)NR*(CR*RMaN(R?),; and
ais 1.

21.  The compound of claim 4 wherein

E

is phenyl;
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R is selected from the group consisting of (CR’RY)4N(R?),, NR*(CR’R*) N(R?),,
O(CR’RYN(R?), and C(O)NR*(CR*RMaN(R?),; and

ais 1

22. The compound of claim 4 wherein
c=1;
is phenyl;
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R is selected from the group consisting of (CR’RY)4N(R?),, NR*(CR’R*) N(R?),,
O(CR’RYN(R?), and C(O)NR*(CR*RM¢N(R?),; and

ais 1

23. The compound of claim 4 wherein
c=1;
is phenyl;

18

§
P!
7R,

%

R is selected from the group consisting of (CR’RY)4N(R?),, NR*(CR’R*) N(R?),,
O(CR’RYN(R?), and C(O)NR*(CR*RMaN(R?),; and

ais 1
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24. A method for treating diseases related to unregulated tyrosine kinase signal
transduction, which comprises administering to a subject in need thereof, a compound

according to claim 1.

25.  The method of claim 24 wherein said disease is selected from the group
consisting of cancer, blood vessel proliferative disorders, fibrotic disorders, mesangial

cell proliferative disorders, and metabolic diseases.

26. The method of claim 25 wherein the blood vessel proliferative disorder is selected
from the group consisting of diabetic retinopathy, age-related macular degeneration,

retinopathy of prematurity, arthritis and restenosis.

217. The method of claim 25 wherein the fibrotic disorder is selected from the group

consisting of hepatic cirrhosis, atherosclerosis and surgical adhesions.

28. The method of claim 25 wherein wherein the mesangial cell proliferative disorder
is selected from the group consisting of glomerulonephritis, diabetic nephropathy,
malignant nephrosclerosis, thrombotic microangiopathy syndromes, transplant rejection

and glomerulopathies.
29. The method of claim 25 wherein wherein the metabolic disorder is selected from
the group consisting of psoriasis, diabetes mellitus, wound healing, inflammation and

neurodegenerative diseases.

30. A compound represented by the formula:

wherein
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XisOorS;
Y is O, S or NR?;
Z is [C(RM)2]e:

the ring system indicated by figure Il represents a 5 or 6 membered aryl,
1 A g
R b& ’

and is selected from the group consisting of
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R' is selected from the group consisting of halogen, aryl, C; to Csalkyl, CF3, OCFs3,
OCF,H, S(O)R?, (CR*R)¢C(0)OR?, O(CR’RH.C(O)OR?, NR*(CR*R")4C(O)R?,
NR*(CR’R*)4C (O)OR?, OP(0)(OR?),, OC(O)OR?, OCH,0, NR*(CH,).N(R?),,
O(CH)N(R?),, (CR*RY4CN, O(CR’RHCN, (CR’R*)4Ar, NR*(CR’R*)4AT,
O(CR’R*)4Ar, S(O){CR’R™)4Ar, (CR'R™4SO,R?, (CR’RYIC(OINR?),,
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NR*CR’R*)4C(OIN(R?),, O(CR*RH4C(ON(R?),, S(O){CR*RH.C(O)N(R?),, (CR?
R"4OR?, NR*(CR? RM.OR?, O(CR? R*).0R?, S(0){(CR* R*)4OR?, C(O)(CR*R*R’,
NR? C(O)(CR*RHR?, OC(O)CR’RH)N(R?),, C(ONCR’RHN(R?),,
NRZC(O)(CR’RH¢N(R?),, OC(O)CR’RYN(R?),, (CR'RNR?, NR*(CR’RHR?,
O(CR’RY)4R?, S(O){CR’RYHR?, (CR'R)¢N(R?),, NRA(CR’RY)N(R?),,
O(CR’RYHN(R?),, S(0)s (CR'R*)N(R?),, N(R”),, OR®, C(O)R’, S(O)R’,
C(O)ArNR’*C(O)Ar, NR*ArNR’C(O)Ar, OArNR*C(0)Ar, SAINR’C(O)Ar,
C(O)ArC(O)(NR?),, OArC(O)(NR?),, NRZArC(O)NR?),, SArC(O)(NR?),
C(0)ArC(O)NR*Ar, OArC(O)NRAr, NR*ArC(O)NR?Ar and SArC(O)NRAr;

R’ is selected from the group consisting of hydrogen, C; to Cg alkyl, C; to Cs alkenyl, C;
to Cg alkynyl, C, to C4 alkylol, lower alkylphenyl, phenyl, (CR*R*)¢Ar, OC(O)R’,
(CR’RM4C(0)OR’, (CR’RY)4SO.R’, (CR*RMN$SONR), (CR? RH)4OR’, (CR?
RH40SO.R7, (CR*RHGP(O)OR'), (CR’RHR’, (CR’RYHN(R), and
(CR’RY).NR'C(O)N(R"), wherein N(R?), and N(R"), may form a 3-7 membered
heterocyclic ring and [C(R?),]. may form a 3-7 membered carbocyclic or heterocyclic
ring, wherein said heterocyclic ring may be substituted with one or more of R?;

R is selected from the group consisting of halogen, C; to Cs alkyl, CF3, OCF3, OCF,H,
(CR’RM4CN, NR*(CR*R.CN, O(CR’R*).CN, S(O)R?, (CR’R*)4C(O)OR?,
(CR’RM4C(O)R?, (CR’RY)4C(OR?),, NR*(CR*RH¢C(0)OR?, O(CR’RY)4C(O)OR?,
S(0){(CR*RM¢C(O)OR?, (CR’R*)4Ar, NRA(CR’R*)4Ar, O(CR’RY)Ar, S(O){(CR’R*)4AT,
(CR’RM4SO,R?, NRY(CR’RY)4S(0)R?, O(CR*RY)4 S(O)R?, S(O)(CR’RY).S(0):R?,
(CR’RM4C(O)N(R?),, NR (CR’R")4C(O)N(R?),, O(CR’RH4C(ON(R?),,
S(0){(CR*RMN.C(OIN(R?),, (CR®RH4OR? NR? (CR® RY.0R% O(CR® RY).0R?,
S(0){CR* RH)4OR?, (CR’R%40S0,R? NR? (CR’? R*).0SO,R?, O(CR* R*).0SO,R?,
S(0){(CR* RH.0SO,R*(CR? RM¢P(O)OR?),, NR? (CR* R*)P(O)OR?),, O(CR?
RHYP(O)OR?);, S(O){CR? R*).P(O)OR?),, C(O)CR’RYH4R?, NR? C(O)(CR’RY)(R?,
OC(O)CR’RMN¢N(R?),, C(O)CR’RH)N(R?),, C(O)NR*(CR’RHN(R?),, NR?
C(O)CR*RMNN(R?),, OC(O)(CR’R)N(RY),, (CR’RHR?, NRA(CRR*)4R?,
O(CR’R*)4R?, S(0)(CR’R*)4R?, HNC(O)R?, HN-C(O)OR?, (CR*RM¢N(R?),,
NRYCR’RYN(R?),, O(CR’RH)N(R?),, S(O); (CR*RMN¢N(R?),, OP(O)OR?),,
OC(0)OR?, OCH,0, HN-CH=CH, -N(COR*)CH,CH,, HC=N-NH, N=CH-S,
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(CR’RM4C=C(CR’RM¢R?, (CR’R")4C=C(CR’R*){OR?, (CR’R™4C=C(CR*RMN(R?),,
(CR’R"M4CC(CR’RY)4R?,

(CR’R"M4CC(CR’RY0R?, (CR’RY)4CC(CR’RYN(R?),, (CRPRM4C(O)NCR’RY)R?,
(CR’RM4C(O)(CR’RY)4OR? and (CR*RH4C(O)CRRMN¢N(R?), and (CR'RMR’;

R’ and R* may be selected from the group consisting of H, F, hydroxy, C;-Cy alkyl,
(CR*R*)4OR?, (CR*R’);O(CR®*R").OR® , (CR*R”)4COOR® and (CR*R”){N(R®), or CR’R*
may represent a carbocyclic or heterocyclic ring of from 3 to 6 carbons or, alternatively,
(CR’RY)4 and (CR’R*), may form a 3-7 membered carbocyclic or heterocyclic ring;

R’ is an aryl group or a substituted oxindole;

R® is selected from the group consisting of hydrogen, C;-Cs alkyl, hydroxymethyl and
phenyl;

R’ is selected from the group consisting of hydrogen, hydroxyl, F, C; to Cs alkyl, C; to
Cg alkenyl, C; to Cs alkynyl, C; to Cs4 alkylol, lower alkylphenyl and phenyl;

R*and R’ are selected from the group consisting of hydrogen, hydroxyl, F, C, to Cs
alkyl, C; to Cs alkenyl, C; to Cs alkynyl, C; to C4 alkylol, lower alkylphenyl and phenyl;
a is 0 or an integer of from 1 to 3;

b is 0 or an integer of from 1 to 2;

c is an integer of from 1 to 2;

d is 0 or an integer of from 1 to 5;

¢ is an integer of from 1 to 4;

fis 0 or an integer of from 1 to 2, and further provided any of said alkyl or aryl radicals
may be substituted with one or two halo, hydroxy, lower alkyloxy or lower alkyl amino
radicals, including cycloalkylamino radicals and wherein the alkyl, or the cycloalkyl
amino ring, can include an enchained oxygen, sulfur or additional nitrogen atom and may
be substituted with one or two halo or lower alkyl radicals;

and pharmaceutically acceptable salts thereof.

116 of 117



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims

