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ABSTRACT

Quinolinone Derivatives

A method for synthesizing a 4-amino substituted quinolinone includes reacting a substituted or
unsubstituted 2-benzimidazolyl-2-acetate with a substituted or unsubstituted 2-
aminobenzonitrile in the presence of a base or an acid. A 4-amino substituted quinolinone
compound is formed by the reaction, and the 4-amino substituted quinolinone compound

comprises a benzimidazole group.
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QUINOCLINONE DERIVATIVES

FIELD OF THE INVENTION

This invention pertains generally to treating diseases characterized by
éngiogenesis including cancer, More specifically, the i.nventif;n described herein
pertains to treating diseases characterized by activity of vascular endothelial growth
factor receptor tyrosine Kinases. The. present invention provides, small molecule
inhibitors of vaseular endothelial growth factor receptor tyrosine kinase,
pharmaceutical formulations containing such inhibitors, methods of treating patients
with such pharmaceutical formulations, and to methods of preparing such *

pharmaceutical formmulations and inhibitors.

BACKGROUND OF THE INVENTION

Capillaries reach into almost all tissues of the human body and supply
tissues with oxygen and nuirients as well as removing waste products. Under
typical conditions, the endothelial cells lining the capillaries do not divide, and
capillaries, therefore, do not normally increase in number or size in a human adult.
Under certain normal conditions, however, such as when a tissue is dm_nageci, or
during certain parts of the mgnstrua] cycle, the capillaries begin to proliferate
rapidly. This process of forﬁn’ng new capillaries from pre-existing blood vessels is
known as anglogenesis or peovascularization, See Folkian, J. Scientific Arﬁerican
275, 150-154 (1996). Angiogenesis during wound healing is an example of
pathophysiological neovascularization during aduit life. During wound healing, the
additional capiilaries provide a supply of oxygen and mutrients, promote granulation
tissue, and aid in waste removal. After termination of the healing process, the
capiliaries normally regress. Lymboussaki, A. “Vascular Endothelial Growih

Factors and their Receptors in Embryos, Adults, and in Tumors” Academic
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Dissertation, University of Helsinki, Molecular/Cancer Biology Laboratory and
Department of Pathology, Haartman Institute, (1999).

Angiogenesis also plays an important role in the growth of cancer
cells. It is known that once a nest of cancer cells reaches a certain size, roughly 1
to 2 mm in diameter, the cancer cells must develop a blood supply in order for the
tumor to grow larger as diffusion will not be sufficient to supply the cancer cells
with enough oxygen and nutrients. Thus, inhibition of angiogenesis is expected to

hait the growth of cancer cells.

Receptor tyrosine kinases (RTKs) are transmembrane polypeptides
that regulate developmental cell growth and differentiation, remedeling and
regeneration of adult tissues. Mustonen, T. et al., J. Cell Biology 129, §95-898
(1995); van der Geer, P. et al. Ann Rev. Cell Biol. 10, 251-337 (1594).
Polypeptide ligands known as growth factors or cytokimes, are known to activate
RTKs. Signaling RTKSs involves ligand binding and a shift in conformation in the
extefna} domain of the receptor resulifing in irs dimerization. Lymboussaki, A,
“Vascular Endothelial Growth Factors and their Receptors in Embryos, Adults, and
in Tumors™ Academic Dissertation, University of Helsinki, Molcculam’Cancér
Biology Laboratory and Department of Pathology, Haartman Institute, (1999);
Ulkrich, A. et al., Cell 61, 203-212 (1990). Binding of the ligand to the RTK
results in receptor trans-phosphorylation at 3pe¢iﬁ5 tyrosine residues and subsequent
activation of the catalytic domains for the phosphorylation of ciytc.}plasmic

substrates. Id.

Two subfamilies of RTKs are specific to the vascular endothelium.
These include the vascular endothelial growth factor (VEGE) subfamily and the Tie
receptor subfamily. Class I RTKs include VEGFR-1, VEGFR-2, and VEGFR-3.
Shibuya, M. et al., Oncogene 5, 519-525 (1990); Terman, B. et al., Oncogene 6,
1677-1683 (1991); Aprelikova, O. et al., Cancer Res. 52, 746-748 (1992).

Members of the VEGF subfamily have been described as being able

to induce vascular pérmeability and endothelial cell proliferation and further
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identified as a major inducer of angiogenesis and vasculogenesis. Ferrara, N. et
al., Endocrinol. Rev. 18, 4-25 (1997). VEGF is known to specifically bind to
RTKs including VEGFR-1 and VEGFR-2. DeVries, C. et al., Science 253, 989-
991 (1992); Quinn, T. et al., Proc. Natl. Acad. Sci. 90, 753é—7537 (1993). VEGF
stimmlates the migration and proliferation of endothelial cells and induces
aogiogenesis both in vitro and in vivo. Connolly, D. et al., J. Biol. Chem. 264,
20017-20024 (1989); Connolly, D. et al., J. Clin. Invest. 84, 1470-1478 (1989);
Ferrara, N. et al., Endocrino. Rew. 18, 4-25 (1997); Leung, D. et al., Science 246,
1306-1309 (1989); Plouet, J. etal., EMBO J 8, 3801-3806 (1989).

Because angiogenesis is known to be critical to the growth of cancer
and 10 be controlled by VEGE and VEGF-RTK, substantial efforts have been
undertaken to develop therapeutics that are antagonists of VEGF-RTK to thereby

inhibit or retard angiogenesis, and, hopefully, interfere or stop tumcr proliferation.

A wide variety of chemical compounds and compositions have been
reported as baving activity against one of more the VEGF-RTKSs. Examples inclode
guinoline derivatives such as described in WO 98/13350, aminonicotinamide
denivatives (see, e.g., WO (1/55114), antisense compounds (see, e.g., WO
01/52904), peptidomimetics (see, e.g., WO 01/52875), quinazoline derivatives
(seé, e.g., U.S_ Patent No. 6,258,951) monoclonal antibodies (see, e.g., EP 1 086
705 A1), various 3,10,15,20-tetraaryl-porphyring and 3,10, 15-triaryl-corroles (see,
e.g., WO 00/27379), heterocyclic alkanesulfonic and alkane carboxylic acid
derivatives (see, ¢,g., DE19841985), oxindolylgquinazoline derivatives (see, €.g.,
WO 99/10349), 1,4-diazaanthracine derivatives (see, e.g., U.S. Patent No.
5,763,441), and cinnoline derivatives (see, e.g., WO 97/34876), and various
indazole compounds (see, e.g., WO 01/02369 and WO 01/53268).

Various indolyl substituted compounds have recently been disclosed
in WO 01/29025, WO 01/62251, and WO 01/62252, and various benzimidazoly]
compounds have recently been disclosed in WO 01/28993. These compounds are

reportedly capable of inhibiting, modulating, and/or regulating signal transduction
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of both receptor-type and non-receptor tyrosine kinases. Some of the disclosed

compounds contain 2 quinotone fragment bonded to the indolyl or benzimidazolyl

group.

The synthesis of 4-hydroxy quinolone and 4-hydroxy quinoline
derivatives is disclosed in a number of references. For example, Ukrainets et al.
have disclosed the synfhesis of 3-(benzimidazol-2-yD)-4-bydroxy-2-ox0-1,2-
dihydroquinoline. Ukrainets, 1. et al.,_Tet. Lett. 42, 7747-7748 (1995); Ukrainpets,
I. et af., Khimiya Geterotsiklicheskikh Soedinii, 2, 239-241(1992). Ukrainets has
also disclosed the synthesis, anticonvulsive and apttthyroid activity of other 4-
hydrbxy quinolones and thio analogs such as 1H-Z—oxo—B»(Z—benEinﬁdazolyl)—4-
hyrdoxyquinoline. Ukrainers, I. et al., Khimiya Geterotsiklicheskikh Soedinii, 1,
105-108 (1993); Ukrainets, I. et al., Khimiya Geterotsiklicheskikh Soedinii, 8,
1105-1108 (1993); Ukrainets, 1. et al., Chem. Heterocyclic Comup. 33, 600-604,

(1997).

The synthesis of varions quinoline derivatives is disclosed in WO
97/48694. These compounds are disclosed as capable of binding to nuclear '
hormoné receptors and being usefirl for stimulating osteoblast proliferation and bone
growth. The compounds are also disclosed as being useful in the treatment or

prevention of diseases associated with nuclear hormone receptor families.

Various quinoline derivatives in which the benzene ring of the
quinolone is substituted with a snifur group are disclosed in WO 92/18483. These
compounds are disclosed as beiilg'useful in pharmaceutical formulations and as

medicaments.

Quinolone and coumarin derivatives have been disclosed as having

use in a variety of applications unrelated 10 medicine and pharmaceutical

formulations. References that describe the preparation of quinolone derivatives for
=

use in photopolymerizable compositions or for luminescent pmpertie; inctude: ¥U.S.
Patent No. 5,801,212 issued to Okamoto et al.; JP 8-29973; JP 7-43896; JP 6-9952;
JP 63-258903; EP 797376; and DE 23 63 459.
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Despite the exploration of a variety of chemistries to provide VEGFE-
RTK-antagonist therapies, a continuing need exists for compounds that johibit the
proliferation of capillaries, inhibit the growth of furnors, and/or inhibit vascular
endothelial growtii factor receptor tyrosine kinase and pharmaceutical formulations
that contain such compounds. A need also exists for methods for administering

such compounds and pharmaceutical formulations to patients in need thereof.

SUMMARY OF THE INVENTION

The present invention provides compounds, pharmaceutical
formulations including the compounds, methods of preparing the pharmaceutical
formulations, and methods of treating patients with the pharmaceutical formulations

and compounds.

The present invention provides a first group of compourds having the
structure I. The invention also provides tautomers of the compounds,
pharmacentically acceptable salts of the compounds, and pharmaceutically

acceptable salts of the tautomers. Structure I has the following formula:

where, in the first group of comf;ounds:

Y s selected from ~OR'® groups, -C(=0)-R"" groups, -NRR"
groups, substituted or unsubstituted alkynyl groups, substituted or unsubstituted
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heterocyclylalkyl groups, substituted or unsubstituted afkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups,
substituted or unsubstituted (alkylj(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted saturated
heterocyclyl groups, substituted or unsubstituted heterocyclyloxyalkyl groups,

substituted or unsubstinuted hydroxyalkyl groups, or substituted or unsubstituted

aryloxyaikyl groups;
Z is selected from O, S, or NR™ groups;

R!, R, R®, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, ~CN, -NOz, -OH, -OR” groups,
-NR™R" groups, substituted or unsubstituted amidinyl groups, substituted or
upsibstituted guanidinyl groups, substitried or unsubstituted primary, secondary, or
tertiary alkyl groups, substituted or unsubstituted aryl groups, substituted or
unsubstituted alkenyl groups, substituted or unsubstituted alkynyi groups,
substituted or wasnbstituted beterocyclyl grou;las, substituted or unsubstitted
aminoalkyl groups, substituted or unsubstituted alkylaminoalky! groups, substituted
or unsubstinited dialkylaminoalkyl groups, substitaied or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalky! groups,
substituted or misulstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, substituted or unsubstituted
diheterocyelylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalky! groups, substituted or unsubstituted
(heterocyclyl)(aryl)aminoalkyl groups, or -C(=0)R'® groups;

R’, RS, R, and R® may be the same or different and are
independently selected from H, C, Br, F, I, -NOz, -OH, -OR* groups, -NRR”
groups, -SH, -SR® groups, -S{=0)R* groups, -S(=0)R* groups, -CN, substituted
or unsubstituted amidiny] groups, substituted or unsubstituted guanidinyl groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups, substituted -
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or unsubstituted aryl groups, substituted or unsubstituted aikenyl groups, substituted
or unsubstituted alkynyl groups, substitaied or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylalkyl groups, -C(=0)R® groups, substituted
or upsubstituted aminoalkyi gﬁ*oups, snbstituted or unsubstituted alkylaminoalkyl
gfoups, substituted or unsubstituted dialkylaminoalkyl groups, substituted or
unsubstituted arylaminoalkyl groups, substituied or unsubstitnted diarylaminoalky]

_groups, substituted or unsubstituted (alkyl)(ary))aminoalky) groups, substituted or

unsubstimted heterocyclylaminoalkyl groups, substituted or unsubstituted
diheterocyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)alkyl)aminoalkyl groups, substituted or unsubstituted
(heterocjrciyl)(ary])ammoalkyl groups, substituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituied alkoxyalky! groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstitnted heterocyclyloxyalkyl groups;

R® and R" may be the same or different and are independently
selected from H, -OH, substituted or unsubstituted alkoxy groups, substitated or
unsubstituted aryloxy grosps, -NH-», substituted or unsubstituted alkylamino groups,
substituted or unsnbstituted arylamino groups, substituted or unsubstituted
dialkylamino groups, substituted or unsubstituted diarylamino groups, substituted or
unsubstitted (alkyl){aryl)amino groups, substituted or unsubstituted aikyl groups,
substituted or unsubstituted aryl groups, -C(=0)H, -C{=0)-alky] groups, or

“C(=0)-aryl groups;

‘ R is selected from substituted or unsubstituted aryl groups,
substituted or unsubstitated heterocyclyl groups, -C(=0)H, -C(=0)-alkyl groups, -
-C{=0)-aryl groups, -C{=0)0-alky! groups, -C(=0)O-aryl groups, -C{=0O)NH-,
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl) groups,
-C{(=0)N{aryl)z groups, -C(=0)N(alkyl)(aryl} groups, -NHz, -NH(alkyl) groups,
~NH(aryl) groups, -N(alkyl)2 groups, -N{alkyl)(aryl) grc}ups,' -N(aryl): groups,
-NH(beterocyclyl) groups, -N(heterocyclyl): groups, -N(alkyl)(heterocyclyl)
groups, -N{aryl)(beterocyclyl), -C(=0)NH(heterocyclyl) groups,
-C(=0)N(heterocyclyl): groups, -C(=0)N(alkyl}(heterocyclyl) groups,
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-C(=0)N{aryl)(heterocyclyl) groups, or substituted or unsebstituted
heterocyclylatkyl groups; -

R is selected from H, -NHz, -NH(alkyl) groups, -NH(aryl) groups,
-N(atkyl)z groups, -N(aryl): groups, -N(alkyl)(aryl_) groups, -NH(heterocyclyl)
groups, -N¢heterocyclyl): groups, -N(alkyl)(heterocyclyl) groups,
-N(aryl)(heterocyclyl) groups, -O-alkyl groups, O-aryl groups, heterocyclyloxyalkyl
gfoups, or substituted or unsubstituted aryl groups;

R is selected from H, substituted or unsubstitated alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups;

R" is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted heterocyclyl
groups, -OH, alkoxy groups, aryloxy groups,' -NH2, substiuted or unsubstituted
heterocyclylalkyl groups, substituted or upsubstituted aminoalkyl groups, substitited
or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
dialkytaminoalkyl groups, substituted or unsubstitated arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalky! groups, substituted or unsubstituted
(alky}(aryl)aminoalkyl groups, substituted or unsubstifuted allcylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstituted
dialkylamino groups, substituted or vnsubstituted diarylamino groups, substitzted or
unsubstituted (alkyl)(aryl)amino groups, -C(=0)H, -C{=0)-alkyl groups,
-C(':O)»aryl groups, -C(=0)0-alkyl groups, —C(=OjO-ary1 groups, ~C(=0)NHz,
-C(=0)NH(alkyl) groups, -C{=0)NH(aryl) groups, ~-C{=0)N(alkyl)2 groups,
-C(=0)N(aryl)> groups, -C(=0)N(alkyl)aryl) groups, -C(=0)-heterocyclyl
groups, -C(=0)-O-heterocyclyl groups, -C(=0)NH(heterocyclyl) groups,
wC(=O);N(beterocyclyl}z groups, -C(=0)N(aryl)(heterocyclyl) groups, substituted
or unsubstituted heterocyclylaminoalkyt groups, substimated or unsubstituted
hydroxyalkyl groups, substituted or unsubstituted alkoxyalky} groups, substituted or
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unsubstituted aryloxyalkyl groups, substituted or unsubstituted heterocyclyloxyalkyl
groups, or ~C(=0)-N(alkyl)(heterocyclyl) groups;

R’ and R* may be the same or different and are independently
selected from substituted or unsubstituted ailcy! groups, substituted or vnsubstituted
aryl groups, substimted or nnsubstituted hetexocyclyl groups, substituted or
vnsubstituted heterocyclylalkyl groups, -C(=0}H, -C(=0)-alkyl groups,
-C{(=0)-ary! groups, -C(=0)NHz, -C{=0)NH(alkyl) groups,) -C(=O)NH{aryl)
groups, -C(=0)N(alkyl). groups, -C(=0)N(aryl): groups, -C(=0O)N(alkyl)(aryl)
groups, -NH(heterocyclyl) groups, -N(heterocyclyl): groups,
-N(aikyl)(heterocyclyl) groups, -N(aryl)(heterocyclyl) groupé, substituted or
unsubstituted aminoalkyl groups, substituted or vnsubstituted alkylaminoalkyl
groups, substituted or unsubstinted. dialkylaminoalkyl groups, substituted or
unsubstituted ary!amjnbalk)d groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryDaminoalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl, substituted or unsubstifuted
diheterocyclylaminoalkyl, substituted or unsubstimted
(heterocyclyl}(alkyl)aminoalkyl, subsiituted or unsubstituted
(keterocyclyl)aryl)aminoalkyl, substituted or unsubstituted atkoxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyaikyl groups;

R' and R* may be the same or different and are independently
selected from H, substituted or unsubstifuted'aiky! groups, substituted or

unsubstituted aryl groups, or substituted or vasubstituted heterocyclyl groups;

, " R'"and R* may be the same or different and are independently
selected from H, substituted or nnsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
-C(=0)H, -C(=0)-alkyl groups, ~C(=0)-aryl groups,-C(=0)NHz,
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=O)N(alkyl): groups,
-C{=0)N(aryl): groups, -C{=0Q)N(alkyl)(aryl) grdups, -C(=0)0-alkyl groups, .
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~C( =0j0—a1y1 groups, substitvted or unsubstituted heterocyclylalkyl groups,
substituted or unsubstituted mﬁoﬂkyl groups, substituted or unsubstituted
alkylaminoalkyl groups, substituted or unsubstituted diatkylaminoalkyl groups;
substituted or unsubstituted arylaminoalkyl groups, ‘substituted or mubstimted
diarylaminoalky! groups, substituted or unsubstituted (alkyl)(ary})aminoalky]
groups, -C(=0)-heterocyclyl groups, -C(=0)-O-heterocyclyl groups,
-C(=0)NH(heterocyclyl) groups, -C{=0)-N(heterocyclyl): groups,
—C(=O)N(aryl)(heterocyclyl) groups, substituted or unsubstituted
heterocyclylaminoalkyl groups, substituted or unsubstituted
diheterocyclylamindalkyl groups, substituted or unsvbstituted
(heterocyclyl(alkyl)aminoalky! groups, substituted or unsubstituted
(heterocyclyl){aryl)aminoalkyl grbups, substituted or unsubstitated hydroxyaliyl
groups, substituted or unsubstituted alkoxyalky! groups, substituted or unsubstituted
aryloxyalkyl groups, substituted or unsubstituted heterocyclyloxyalkyl groups, or
»C(=O)—N(alkyl)(hetcrocycly1) groups;

R®, R%, R* and R* may be the same or different and are
independently selected from H, —NHz,--NH(alkﬂz}) groups, -NH(aryl) groups,
-N(alkyl)z groups, -N(aryl): groups, -N(alkyl){aryl) groups, -NH(heterocyclyl)
groups, -N(heterocyclyl){alkyl) groups, -N{heterocyclyl)(aryl} groups,
-N(heterocyclyl): groups, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aiyl groups, -OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted or unsubstituted aryloxy
groups,lhcterocyclyloxy groups, ~NHOH, -N(alkyl)OH groups, -N(ary)OH groups,
-N{alky)O-alky! groups, -N(aryl)O-alkyl groups, -N(alkyl}O-aryl groups, or .
-N{aryl)O-aryl groups; and

R? is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted ox unsubstituted heterocyclyl

groups.
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The invention provides a second group of compounds including

compounds haviag the structure I, tautomers of the compounds, pharmaceuticaily

. acceptable salts of the compounds, and pharmaceutically acceptable salts of the

_tautomers.

In the second group of compounds:

Y is selected from ~OR™ groups, -C(=0)-R! groups, -NR¥R"

‘groups, substituted or unsubstituted alkynyl groups, substituted or unsubstituted

heterocyclylalky! groups, substimted or unsubstituted atkylaminoalkyl groups,
substitzted or unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substitated or unsubstituted diarylaminoalkyl groaps,
substituted or unsubstituted (alkyl}aryl}aminoalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted satorated
heterocyctyl groups, substituted or nnsubstituted heterocyclyloxyalkyl groups,
substituted or unsubstituted hyclmx&a]kyl groups, or substituied or unsubstituted

aryloxyalkyl groups;
Z is selected from O, S, or NR* groups;

R', R R®, and R® may be the same or different and are .
independently selected from H, CI, Br, F, I, -CN, -NO:, -OH, -OR" groups,
-NRRY groups, substituted or unsubstituted amidinyl groups, substiteted or

unsubstituted guanidinyl groups, substituted or unsubstituted primary, secondary,

and tertiary alkyl groups, substituted or unsubstituted aryl groups, substifuted or

unsubstituted alkenyl groups, substitited or undubstitnied alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substituted or upsubstituted

aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted

- or nnsubstituted dialkylaminoalkyl groups, substituted or unsubstituted

arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups,
substituted or unsubstituted (alkyl){aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, or -C(==0)R" groups;
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R’, RS, R7, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -NO:, -OH, -OR” groups, -NR*R*
groups, -SH, -SR” groups, -S{=0)R* groups, -S(=0)R* groups, -CN, substituted
or unsubstituted amidinyl groups, substituted or unsubstituted guanidinyl groups,
substituted or unsubstituted prinary, secondary, and tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstinited alkényl gronps,”’
substituted or unsubstituted alkynyl groups, substituted or unsubstituted heterocyclyl
groups, substituted or unsubstituted heterocyclylalkyl groups, -C(=O)R” groups,

substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted

- alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,

substituted or unsubstituted arylaminoalkyl groups, substimted or nnsubstitated
diarylaminealkyl 'groups, substituted or unsubstitted (alkyi)(aryl)aminoalkyl
groups, substitnied or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsobstituted aryloxyalkyl groups, or substinited or unsubstitmted

heterocyclyloxyalkyl groups;

R? is selected from the group consisting of -OH, substituted or
unsubstituted alkoxy groups, substitited or unsubstituted aryloxy groups, -NHz,
substituted or unsubstituted alkylamino groups, substituted or unsubstimted
arylamino groups, substituted or unsubstituted diaikylamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubstituted (alkyl){aryl)amino
gronps, snbstituted or unsubstituted alkyl groups, substituted or unsubstituted afyl
groups, -C(=0}H, -C{=0)-alkyl groups, or -C(=0)-ary} groups;

R" is selected from substituted or nnsubstituted aryl groups,
substituted or unsubstituted heterocyclyl groups, -C(=O0)H, -C(=0)-alkyl groups,
-C(=0)-aryl groups, -C(=0)O0-alkyl groups, -C(=0)O-aryl groups, -C(=0)NHz,
-C(=0)NH(alky!) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)> groups,
-C(=0)N(asyl)2 groups, -C(=O)N(allyl)(aryl) groups, -NFHb, -NH(alkyl) groups,
-NH(aryl) groups, -N(alkyl) groups, -N{alkyl)(aryl) groups, -N(aryl} groups,
-C(=0)NH(heterocyclyl) groups, -C(=0)Ntheterocyclyl): groups, '
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-C(=0)N(alkyl)(heterocyclyl) groups, -C(=O)N(aryl)}{heterocyclyl) groups, or
substituted or unsubstituted heterocyclylalkyl groups; .

R* is selected from H, -NHz, -NH(2lkyl) groups, -NH(aryl) groups,
-N(alkyl): groups, -N(aryl). groups, -N(alkyl)(aryl) groups, -NH(beterocyclyl)
groups, -N(heterocyclyl): groups, N(aikyl)(heterocyclyl) groups, -O-alkyl groups,
O-aryl groups, subsﬁmted or unsubstituted alkyl groups, or substituted or

unsubstituted aryl groups,

R¥ is selected from H, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups;

R™ is selected from H, substituted or nnsubstituted alkyl groups,
substituted or upsubstituted aryl groups, substituted or unsubstituted heterocyclyl
groups, ~OH, alkoxy groups, aryloxy group.é, -NHa, substituied or unsnbétimted
alkylamine groups, substituted or wnsubstituted arylamino groﬁps, substituted or '
unsubstituted dialkylamino groups, substinited or unsubstituted ciiazyla:njno groups,
substitited or unsubstituted {alkyl{(aryl)amino groups, -C( =OjH, -C(=0)-alkyl
groups, ~C(=0)-aryl groups, —C(=O)O~alkyl groups, -C(=0)0-aryl groups,
-C(=0)NHz, -C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)
groups, -C(=0)N(aryl)z groups, -C(=0)N(alkyl)(aryl) groups, substimted ar
unsubstituted heterocyclylalkyl groups, substituted or unsubstituted aininoa]kyl
groups, substituted or unsubstituted alkylaminoaikyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted arylaminoaiky!
groups, substituted ‘or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted {(alkyl)(aryl)aminoalkyl groups, ~-C(=0)-heterocycly! groups,
—C(='.:O)-O—heterocyclyi groups, ~C(=0)NH(heterocyclyl) groups,
-C(=0)-N(heterocyclyl) groups, -C(=0)N(aryl)(heterocyclyl) groups,
-C(=‘O)~N(a1kyl)azeterocyclyl) groups, substituted or unsubstituted
heterocyclylaminoalkyl groups, substituted or umsubstituted hydroxyalkyl groups,
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substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted |
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyaltkyl groups;

R is selected from H, -OH, substituted or upsubstitated alkoxy
groups, substituted or unsubstituted aryloxy groups, -NHz, substituted or
unsubstituted alkylamino groups, substituted or unsubstituted arylamino groups,
substituted or unsubstituted dialkylamino groups, substituted or unsubstitted
diarylamino groups, substitted or unsubstituted (alkyl)(aryl)amino groups,
substituted or unsubstituteu alkyl groups, substituted or unsubstitnted aryl groups,
-C(=0)H, §C(=O)-a1ky1 groups, or -C(=0)-aryl groups;

R* and R’ may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or unsubstituted
aryl groups, substituted or unsubstituted heterocyclyl groups, substituted or
unsubstituted heterocyclylalkyi groups, -C(=0)H, -C(=0)-aikyl groups,
-C(=0)-aryl groups, -C{(=0)NHz, -C{=0)NH(alkyl) groups, -C(=0)NH(aryl)
groups, -C(#O)N(alkyl)z groups, =C'(=O)N(a:yi)z groups, —C(=0)YN(alkyl)(aryl)
groups, substituted or unsubstituted a_.rﬁinoalkyl groups, substituted or wasubstituted
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstimied arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalky! groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, substitiiiee. or unsubstituted heterocyclylaminoaltkyl, substituted or
unsubstituted diheterocyclylaminoalkyl, substituted or uns.ubstitutcd
(beterocyclyl}alkyllaminoalkyl, substitited or unsubstituted
(heterocyclyl)(a.ryl)aminoaﬂcy}, substituted or unsubstituted alkoxyalky! groups,
substituted or unsubstituted hydroxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyalky! groups;

R’ and R® may be the same or different and are independently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;
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R and R* may be the same or different and are indepeadently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
-C(=0)H, -C(=0)-alky! groups, -C(=0}-aryl groups,-C(=0)NHz,
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)2 groups,
-C(=0)N(aryh)z groups, -C(=0)N(alkyi}aryl) groups, -C(=0)0-alkyl groups,
-C(=0)O-aryl groups, substitited or unsubstituted heterocyclylalkyl groups,
substituted or unsubstiftted aminoalkyl groups, substituted or vnsubstitated
alkylaminoalkyl groups, substituied or unsubstituted diatkylaminoalky! groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalky! groups, substituted or unsubstituted (alkyl)(éry])aminoaucyl
groups, -C{=0)-heterocyclyl groups, -C{=0)-O-heterocyclyl groups,
~C(=0)NH(beterocyclyl) gmﬁps, -C(=0)-N(heterocyclyl). groups,
-C{=0)N(aryl)(beterocyclyl} groups, -C(=0}-N(alkyl)(heterocyclyl} groups,
substituted or unsubstitted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substitated or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or unsubstituted

heterocyclyloxyalkyl groups;

R™, R®, R¥, and R® may be the same or different and are
independently selected from H, -NHz, -NH{alkyl) grovps, -NH{aryl) groups,
-N{alkyl): groups, -N(aryl)z groups, .-N(alkyl)(aryl) groups, -NH(heterocyclyl)
groups, -N(heterocyclyl){alky!) groups, -N{heterocyclyt)(aryl) groups,
-N(heterocyclyl): groups, substituted or upsubstituted alkyl groups, substitated or
unsubstituted aryl groups, ~OH, substituted or vnsubstituted alkoxy groups,
substituted or nnsubstituted heterocyclyl groups, substituted or unsubstituted aryloxy
groups, -NHOH, -N(alkyl)OH groups, -N(aryl)OH groups, -N(alkyh)O-alkyl
groups, -N{aryl)O-alky} groups, -N(alkyhO-aryl groups, or -N{aryl)O-aryl groups;

and
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R” is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups.

The invention provides a third group of compounds including
compounds having the structure I, tantomers of the compounds, phérmaceutjcally
acceptable salts of the compounds, and pharmaceutically acceptable salis of the

tautomers.
In the third grovp of compounds:

Y is selected from -OH, SH, alkylthio groups, arylthio groups, -OR™
groups, -C(=0)-R" groups, -NR”R" groups, -CN, substituted or unsubstituted
alkyl groups, substituted or unsubstited alkenyl groups, substituted or
unsubstituted alkynyl groups, substituted or unsubstituted aralkyl groups, substituted
or unsebstituted heterocyclylalkyl groups, substituted or unsubstituted
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl{(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or wosubstimted aryl groups,
substituted or unsubstituted heterocyclyloxyalkyl groups, substituted or
unsubstituted hydroxyatkyl groups, substituted or unsubstituted alkoxyalkyl groups,
or substituted or unsubstituted aryloxyalkyl groups;

Z is selected from O, S, or NR* groups;

R', R% R, and R* may be the same or different and are
independently selected from H, Cl, Br, F, 1, -CN, -NOz, -OH, -OR" groups,
-NR'R" groups, substituted or unsubstituted amidinyl groups, substituted or
unsubstituted guanidiny] groups, substituted or unsubstituted primary, secondary, or
textiary alkyl groups, substituted or unsubstituted aryl groups, substituted or
unsubstituted alkenyl groups, substituted or unsubstituted atkynyl groups,



10

15

20

25

30

-17-

substituted or unsubstituted heterocyclyl groups, substinited or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalky! groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups,
$j1bsﬁmted or unsubstituted (alkyl)(aryl)aminoalkyl gronps, substituted or
wnsubstituted heterocyclylatkyl groups, or -C(=0)R'® groups;

R’, RS, R’ and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -NOz, -OH, -OR" groups, -NR¥R*
groups, -SH, -SR* groups, ~5(=0)R® groups, -S(=0)R* groups, -CN, substituted
or unsubstituted amidinyi groups, substituted or unsubstituted guanidinjfl groups,
substimted or unsubstituted primary, secondary, or tertiary alkyl groups, substifuted .
or nnsubstituted aryl groups, substituted or unsubstituted alkenyi groups, substituted
or unsubstituted ailcynyl groups, substituted or vnsubstituted heterocyclyl groups, |
substituted or unsubstituted alkylaminoalky] groups, substiftted or nnsubstituted
dialkylaminoaikyl groups, substimfed or wnsubstituted arylaminoalkyi groups,
substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstitnted
(alkyD{aryhaminoalky] groups, substituted or unsubstimted heterocyclylalkyl
groups, -C(=0)R® groups, substituted or unsubstituted aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoaikyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
sabstituted or unsubstituted aryloxyalky! groups, or substituted or unsubstituted

heterocyclyloxyatkyl groups;

R? and R* may be the same or different and are independently '
selected from H, -OH, substituted or unsubstituted afkoxy groups, substituted or
unsubstituted aryloxy groups, -NHz, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstituted
dialkylamino groups, substituted or unsubstituted diarylamino groups, substitited or
unsubstituted (alkyl)(aryl)amino groups, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, -C{(=0)H, -C(=0)-alkyl groups, or

-C(=0)-aryl groups;
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R™ is selected from substituted or unsubstituted alkyl groups,
snbstituted or unsubstituted aryl groups, substitated or unsubstituted heterocyclyl
groups, substitoted or unsubstituted heterocyclylalkyl groups, -C(=0)H,
-C(=0)-alkyl groups, -C(=0)-aryl groups, -C(=0)0O-alkyl groups, -C(=O)O-ary1
groups, -C(=0)NI, -C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups,
-C(=0)N(alkyl)2 groups, -C{(=0)N(aryl)z groups, -C(=0)N(alkyl)(aryl) groups,
-NH>, -NH(alkyl) groups, -NH({aryl) groups, -N(alkyl). groups, -N(alkyl)(aryl}
groups, -N(aryl): groups, -C{(=0)NH(heterocyclyl) groups,
-C(=0)N(heterocyclyl) groups, -C(=0)N(alky)(beterocyelyl) groups, or
~C(=0)N(aryl)(heterocyclyl) groups;

R* is selected from H, -OH, alkoxy groups, aryloxy groups, -NHz,
-NH(alky!) groups, -NH(aryl) groups, -N{alkyl): groups, -N(aryl)> groups,
-N{alkyl)(aryl) groups, substituted or unsubstituted é]lcyl groups, ~-NH(heterocyclyl)
groups, -N(heterocyclyl): groups, -N{aikyl)(heterocyclyl) groupg, or substituted or

unsubstitmted aryl groups;

R™ is selected from H, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or upsubstituted heterocyclyl

groups;

R" is selected from H, substituted or unsubstituted alkyl groups,
sabstituted or unsubstituted aryl groups, substituted or unsubstituted heterocyclyl
groups, -OH, alkoxy groups, aryloxy groups, -NHoz, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,
substituj:ed or unsubstiiuted diarylaminoalkyl groups, substituted or unsubstituted
(alky!){aryl)aminoalkyl groups, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstituted
dialkylamino groups, substituted or unsubstituted diarylamino groups, substituted or
unsubstituted (alkyl)(arylamino groups, -C(=0)H, -C(=0)-alkyl groups,
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~C(=0)-ary] groups, -C(=0)0-alkyl groups, -C(=0)0-aryl groups, -C(=0)NH,,
-C{=0)NH(alkyl) groups, -C(=0)NH(ary}) groups, -C(=0)N(alkyl)z groups,
-C{(=0)N(aryl): groups, -C(=0)}N(alkyl){aryl) groups, -C(=0)-heterocyclyl
groups, -C(=0)-0-heterocyclyl groups, -C(=0)NH(heterocyclyl) groups,
-C(=0)N(heterocyclyl). groups, —C(=O0)N(alkyl)(heterocyclyl) groups,
-C(=0)N(aryl)(heterocyclyl) groups, substituted or unsubstituted '
hgterocyclylamjnoalkyl .groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsnbstituted alkoxyalkyl groups, substitated or unsubstituted
a£y10xyalky1 groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R" and R" may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or unsubstituted
aryl groups, substituted or unsubstituted heterocyclyl groups, substit_uted or
unsubstituted heterocyclylalkyl groups, -C(=0)H, -C(=0)-alkyl gréups,
-C(=0)-aryl groups, —Ct=0)NH:, -C(=0)NH(alkyl) groups, -C(=0)NH{aryi)
groups, -C(=0)N(alkyl)2 groups, -C{=0)N(aryl)2 groups, —~-C(=0)N{alkyl)(ary[}
groups, substituted or unsubstituted aminoalkyl .groups‘, substimited or unsubstifuted
atkylaminoalkyl groups, substituted or nnsubstituted dialkylantinoalkyl groups,
substituted or unsubstituted arylaminoaikyl groups, substituted or unsubstituted
diarylamil_loalkyl. groups, substituted or unsubstituted (alkyl}(aryl)aminoalkyl
groups, substimted or vnsubstituted heterocyclylaminoalkyl, substituted or
unsnbsﬁtuted dihcterecyc]yl&minoalky], substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl, substituted or unsubstituted
(heterocyclyl)(aryl)aminoalkyl, substifuted or unsubstituted alkoxyalkyl groups,
substituted‘ or unsubstitnted hydroxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R'® and R may be the same or different and are independently

_selected from H, substituted or unsubstituted alkyl groups, substituted or

unsubstituted aryl groups, or substituted or unsubstituted beterocyclyl groups;
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‘R and R* may be the same or different and are independently
selected from H, substituted or uasubstinited alkyl groups, substituted or
unsubstituted aryl groups, substinuted or unsubstituied heterocyciyl groups,
-C(=0)H, -C(=O)-alky! groups, ~C(=0}-ary! groups,-C(=0)NHz,
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)2 groups,
-C(=0)N(aryl): groups, -C(=0)N(alkyl)(aryl} groups, -C(=0)0-alkyl groups,
-C(=0)0-aryl groups, substituted or unsubstituted heterocyclyialkyl £roups,
substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted

-alkylammoalky! groups, substituted or unsubstituted dialkylaminoalkyl groups,

substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substimted or unsubstituted (alkyl){aryDaminoalkyl
groups, -C(=0)-heterocyclyl groups, -C{(=0)-O-heterocyclyl groups,
-C{=0)NH((heterocyclyl) groups, -C(=0)-N(heterocyclyl) groups,
-C(-:O)N(alkyl)(heterocyclyl) groups, -C(=0)-N{ary)(heterocyclyl) groups, -
substituted or unsubstituted heterocyclylaminoatkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalky! groups, or substituted or nesubstituted

beterocyclyloxyalkyl groups;

RE R%, R*, and R* may be the same or different and are
independently selected from H, -NHz, -NH(alky!) groups, -NH(aryl) groups,
-N{alkyl)2 groups, -N(aryl)z groups, -N(alkyl){(aryl) groups, -NH{heterocyclyl)
groups, -N(heterocyclyl)(alkyl) groups, -N¢heterocyclyl)(aryl) groups,
—N(’hetcrbcyclyl)z groups, subsiituied or unsubstimied alkyi groups, substituted or
unsubstituted aryl groups, -OH, substituted or unsubstituted alkoxy groups,
substitted or unsubstituted aryloxy groups, substituted or unsubstituted heterocyclyl
groups, -NHOH, -N(alkyl)OH groups, -N(aryl)OH groups, -N(alkylyO-alky}
groups,A-N(aryl)O-alkyl groups, -N{alkyl)O-aryl groups, or -N{ary1)O-aryl groups;

and
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RZ is selected from substituted or unsubstituted alkyl groups,

substitited or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups.

Iu the third group of compounds, at least one of R’, R‘s, R’ or R%is
selected from substituted or umsubstituted amidinyl groups, substititted or
unsubstituied guanidiny] groups, substituted or unsubstituted saturated heterocyclyl
groups, substituted or nnsubstituted alkylaminoalkyl groups, substituted or

unsubstituted diélkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl

" groups, substituted or unsubstituted diaxylamihoal}qu groups, substihited or

unsubstituted (alkyl)(aryhaminoalkyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted hydroxyalkyl groups, substituted or
unsubstituted a]koxyalkyi groups, substituted or vusubstintied aryloxyalkyl groups,
or substituted or unsubstituted heterocyclyloxyallky! groups; —~OR' groups where R”
is selected from substituted or unsubstituted aryl groups, substituted or unsubstituted
heterocyclyl groups, substituted or unsubstituted hctérocyclylalkyl groups,
-C(=0)H, -C(=0)-aryl groups, -C(=0)NHz, -C(=0)NH(alkyl) groups,
-C(=0)NH(ary}) groups, -C(=0)N(alkyl): groups, -C{=0)N(aryl): groups,
-C(:C)N(alkyl)(aryi) groups, substituied or unsubstituted aminoalkyl groups,
substituted or unsui)stimted alkylaminoalkyl groups, substituted or unsubstituted
diatkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, substitated or unsubstituted
(alkyl)(aryl)ahﬁmalkyl groups, substitited or unsubstituted heterocyclylaminoalky!
groups, substituted or unsubstimted diheterocyclylaminoalkyl groups, substituted or
nnsubstituted (heterocyciyl)(alkyl)am.i_nola]lcyl groups, substituted or unsubstituied
(heterocyclyl){aryDaminoalkyl groups, snbstituted or nnsubs_tituted hydroxyalkyi
groups, substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted and unsubstituted heterocyclyloxyalkyl groups;
NR™R? groups where R” is selected from substituted or unsubstituted heterocyclyl
groups; ~NRR* groups where R is selected from substituted or unsibstitated
heterocyclyl groups, -C(=0)H, -C( =IO)—ary] groups,-C(=0)NHz,
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-C{=0)NH(alkyD groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)z groups,
-C(=0)N(aryD2 groups, -C(=0)N(alkyl)(aryl) groups, -C(=0)O-alkyl groups,
-C(=0)C-aryl groups, substituted or unsubstituted aminoalkyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or nnsubstituted
dialkylaminoalky] groups, substituted or vasubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoatkyl groups, substituted or unsubstituted
{(alkyl)(aryDaminoalkyl groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or uns:  tituted hydroxyaﬂcyl groups, substiuted or.
upsubstitnted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl groups,
snbstituted or unsubstituted heterocyclylalkyl groups, or substituted or unsubstituted
heterocyclyloxyalkyl groups; or ~C(=0)R” groups where R? is selected from H,
-NHz, -NH{alkyl) groups, -NH({aryl) groups, -N{alkyl): groups, -N(aryl)z groups,
-N (alkyi)(afyl) groups, -NH(heterocyclyl) groups, -N(heterocyclyl}{alkyl) groups,
~N(heter0cyclyl)(aryl) groups, -N{heterocyclyl)z groups, substituted or unsubstituted
aryl groups, substituted or unsubstituted aryloxy growps, or substifuted or

upsubstitated heterocyclyl groups.

-‘The invention provides a fourth group of compounds having the
structure I, tautomers of the compounds, pharmaceutically acceptable salts of the

compounds, and pharmaceutically acceptable salts of the tautomers.
In the fourth group of compounds:

Y is selected from -OH, SH, alkyltﬁjo groups, arylthto groups, -OR*
groups, -C(=0)-R" groups, -NRZR" groups, -CN, substituted or unsubstituted
alkyl groups, substituted or unsubstituted alkényl groﬁpé, substituted or
unsubstituted alkynyl groups, substituted or unsubstituted aralkyl groups, substituted
or unsubstituted heterocyclylalkyl groups, substituted or unsubstituted
alkylaminoalkyl groiips, substituted or unsubstituted diaﬂ{ylaxnincail{jrl groups,
substituted or nnsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alky?)(aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoatkyl groups, substituted or-
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unsubstituted heterocyclyl groups, substinited or unsubstituted aryl groups,
substituted or unsubstituted beterocyclyloxyalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,

or substituted or unsubstifuted aryloxyalkyl groups;
Z is selected from O, S, or NR™ groups;

R!, R? R? and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, -CN, -NOz, -OH, -OR" groups,
-NR¥R" groups, substitzted or unsubstituted amidinyl groups, substitnted or
unsubstituted gnanidinyl groups, substituted or unsubstituted primary,. secondary, or
tertiary alkyl groups, substitated or unsubstituted aryl groups, substituted or |
unsubstifuted alkenyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstitted heterocyclyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialky}anﬂnoaikyl groups, substituted or unsubstituted
arylaminoalkyl groups, substlituted or unsubstimted diarylaminoalkyl groups,
substituted or unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, or -C(=0)R" groups;

R’, R%, R’, and R® may be the same or different and are

independently selected from H, CL, Br, F, I, -NOz, -OH, -OR" groups, -NR*R*

- groups, -SH, -SR* groups, -S(=0)R® groups, -S(=0)%R* groups, -CN, substituted

or upsubstituted amidinyl groups, substituted or unsubstimted gnanidinyl groups,
substituied or unsubstituted primary, secondary, or tertiary alkyl groups, substituted
or unsubstituted aryl groups, substituted or unsubstituted alkenyl groups, substituted
or unsubstinzted alkynyl groups, substituted or unsubstituted hcteroc;fclyl groups,
substituted or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, subsﬁtuted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalky] groups, substituted or unsubstituted
(alkyl)(arylyaminoalkyl groups, substituted or un;substimted heterocyclylalkyl
groups, -C(=0)R”™ groups, substifuted or unsubstituted aminoalkyl groups,



10

15

20

25

24-

substituted or unsubstitated heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or vnsubstituted atkoxyalky! groups,
substifuted or unsubstituted aryloxyalkyl groups, or substituied or unsubstituted
heterocyclyloxyalkyl groups;

R’ and R™ may be the same or different and are independently
selected from H, -OH, substituted or unsubstituted alkoxy groups, substituted or
unsubstituted aryloxy groups, -NHz, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstituted
dialkylamino groups, substituted or unsubstituted diarylamino. groups, substituted or
unsubstituted (alkyl}{aryl)amino groups, substituted or ﬁﬁsubstimted alkyl groups,
substituted or unsubstituted aryl groups, \—C(=O)H, -C(=0)-alkyl groups, or
-C(=0)-aryl groups;

R is selected from substituted or unsubstituted alkyl groups,
substituted or vnsubstituted ary! groups, substitated or unsubstituted heterocycly!
groups, substituted or wasubstituted heterocyclylalkyl groups, -C(=0)H,
-C(=0)-alkyl groups, -C(=0)-aryl groups, -C(=0)O-alkyl gToups', ~-C{=0)0-aryi
groups, -C(=0)NHz, -C(=0)NH(alky}) groups, -C(=0)NH({aryl) groups,
-C({=0)N(alkyl)> groups, -C{=0)N(aryl)2 groups, -C(=0)N(alkyl}(aryl) groups,
-NH>, -NH{alkyl} groups, -NH(aryl) groups, -N(alkyl)2 groups, -N(alky){aryl)
groups, -N{aryl): groups, -C{=0)NH(beterocyclyl) groups,
-C(=0)N(heterocyclyl): groups, -C(=0)N(alkyl)(heterocyclyl) groups, or
-C(=0)N(aryl)(heterocyclyl} groups;

R¥ is selected from H, -OH, alkoxy groups, aryloxy groups, -NHz,
-NH(alky}) groups, -NH(aryl) groups, -N(alkyl)> groups, -N(aryl): groups,
-N(atkyl)(aryl) groups, substifuted or unsubstituted alkyl groups, -NHbeterocyclyl)
groups, -Nheterocyclyl): groups, N(alkyl)(heterocyciyl) groups, or substituted or
unsubstituted aryl groups;
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R' is selected from H, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups;

R" is selected from H, substituted or unsubstituted aikyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted heterocyclyl

groups, -OH, alkoxy groups, aryloxy groups, -NHz, substituted or nosubstituted

heterocyclylalkyl groups, substituted or unsubstituted aminoalkyl grbups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalky! groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstituted
(alkyl)(arjfl)aminoalky] groups, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstituted
dia]kylamino groups, substituted or unsubstituted diarylamino groups, substituted or
upsubsiituted (alkyl}{arylyamino groups, -C(=0)H, -C(=0})-alkyl groups,
-C(=0)-aryl groups, -C(=0)0-alkyl groups, -C{=0)O-aryl groups, -C(=O)NHz, .
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C{=0)N(alkyl)z groups,
-C{=0)N(aryl)2 groups, -C(=0)N(alkyi)}{aryl) groups, -C{=0)-heterocyciyl
groups, -C(=0)-O-heterocyclyl groups, -C{=0)NH(heterocyclyl) groups,
-C(=0)N(heterocyclyl)2 groups, —C(=OjN(alkyl)(heterocyclyl) groups,
-C(=0)N(aryl)(heterocyclyl) groups, substituted or unsubstituted

4

heterocyclylaminoalkyl groups, substituted or unsubstituted hydroxyatkyl groups,

substituted or unsubstitated alkoxyalkyl grou;.)s, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituied bheterocyclyloxyalkyl groups;

R" and R may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substituted or unsubstituted
aryl groups, substituted or unsubstituted heterocj:clyl groups, substituted or

unsubstituted beterocyclylalkyl groups, -C(=0)H, -C(=0)-alkyl groups,

-C(=0)-aryl groups, -C(=0)NHz, -C(=0)NH(alkyl) groups, -C(=O0)NH(aryl)
groups, ~C{=0)N(alkyl):2 groups, -C(=0)N{aryl): groups, ~C(=0)N(alkyl)(aryl)
groups, substituted or uasubstituted aminoalkyl groups, substituted or unsubstifuted
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alkylaminoalkyl groups, substifuted or unsubstifuted dialkylaminoalkyl groups,
substituted or-unsubstitated arylaminoalkyl groups, substituted or nnsubstituted
diarylaminoaltkyl groups, substituted or uosubstituted (alkyl)(aryhaminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl, substituted or
unsubstituted diheterocyclylaminoalkyl, substituted or unsubstirated
(heterbcyclyl)(allql)aminoaﬂcyl, substituted or unsubstituted
(hetero‘cyclyl)(aryl)aminoalkyl, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R’ and R” may be the same or different and are independently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

_ R"and R” may be the same or different and are independently
selected from M, substituted or upsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
-C(=0)H, -C(=0)-alkyl groups, ~C(=0)-aryl groups,-C(=0)NHz,
-C(=0)NH(alkyl) groups, -C{=0)}NH(aryl) groups, -C(=0}N(alkyl)2 groups,
-C(=0)N(aryl): groups, -C(=0)N(alkyl}(aryl) groups, -C(=0)O-alkyl groups,
-C(=0)0-aryl groups, substituted or unsubstituted heterocyclylalkyl groups,
substituted or upsubstituted aminoalkyl groups, substituted or wnsubstituted
alkylaminoaiky] groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstitated -
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)(arylaminoalkyl
grou;ﬁs, -C(=0)-heterocyclyl groups, -C{=0)-O-heterocyclyl groups,
-C(=0)NH(heterocyclyl) groups, -C(=0)-N(heterocyclyl) groups,
-C(=0)-Nalkyl)(heterocyclyl) groups, -C(=0)-N(aryl)(heterocyclyl) groups,
sﬁbstimted or unsubstituted heterocyclylaminoalkyt groups, substitated or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substiruted or unsubstinted
heterocyclyloxyalkyl groups; | "
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R® RZ R? and R® may be the same or different and are
independently selected from H, -NHz, -NH(alkyl) groups, -NH(aryl) groups,
-Nialkyl)2 groups, -N{aryl): groups, -N(alky}}(aryl) groups, -NH(beterocyclyl)
groups, ~N{heterocyclyl}(alkyl) groups, -N(beterocyclyl)(aryl) groups,
~Nheterocyclyl): groups, substituted or unsubstituted a.lkyl groups, substituted or
unsubstituted aryl groups, -OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, substituted or unsubstituted heterocyciyl
groups, ~NHOH, ~N(aiky)OH 'groups, -N(ary1)OH groups, -N{alkyl)O-alkyl

groups, -N(aryl)O-alkyl groups, -N{(alkyl)O-aryl groups, or -N{aryDO-aryl groups;

and

R? is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups.

In the fourth group of compounds, at least one of R, R%, R?, or R? is
an —-OR" group and R” is selected from substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted dialkylaminoatkyl groups,
substituted or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
aminoalkyl groups, sabstituied or unsubstituted diarylaminocalkyl groups, substinited
or unsubstituted arylaminoaikyl groups, substituted or unsubstituted
(g_]lcyl)(aryl)aminoaikyl groups, substituted or unsubstttuted heterocyclyl groups,
slx“péﬁtuted or unsubstimted beterocyclylaminoalkyl groups, substituted or
u_u__sﬁbstituted diheterocyclylaminoalkyl groups, substituted or unsubstituted
&hét‘érocyclyl)(alkyl)aminoaﬂcyl groups, or substitted or unsubstituted
(heterocyclyl){aryi)aminoalkyl groups.

Preferred compounds in any of the first, second, or third groups
described above are provided in which Z is an -NR™. Preferred compound of the

fourth group are also provided in which Z is an -NR™ group.
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Preferred compounds according to the first, second, third, and fourth
groups of compounds are provided in which Y is an -OR”™ group, an-NR”R*

group, or a substituied or unsubstituted alkynyl group.

Other preferred compounds of the first, second, third, and fourth
groups are provided in which R’ is selected from J, substituted or unsubstituted
alkoxy groups, substituted or upsubstimted heterocyciylalkoxy groups, substituted

or unsubstitited heterocyclyloxy groups, or substituted or unsubstituted heterocyclyl

groups.

Still further provided are compounds of the first, second, third, and
fourth groups in which R? is selected from the group consisting of H, F, Cl, -NO,
substituted and unsubstituted heterocyclylalkoxy groups, and substituted and

unsubstituted heterocyclyl groups.

Still further provided are compounds of the first, second, third, and

fourth groups in which R® or R” is an alkyl group. Still further preferred

compounds of the four groups are those in which R® or R’ is an _OR¥ group and
R" is an alkyl group, an aryl group, a heterocyclyl group, or a heterocyclylalkyl
group. |

Preferred compounds of the fourth group of compounds are provided
in which R' is an -OR” group and R* is selected from substituted or unsubstimied
beterocyclylalkyl groups, substitted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or nnsubstituted diarylaminoalkyl grbups, substituted
or unsubstituted arylaminoalkyl groups, substitated or unsubstituted
(alkyl)(aryl)aminoalkyl groups, substituted or unsubstituted heterocycly! groups,
substitutcd or unsubstituted heterocyclylaminoalky! groups, substituted or '
unsubstituted dibeterocyclylaminoalkyl groﬁps, substituted or unsubstituted
(heterocyclyl)(alkylyaminoalkyl groups, or substituted or unsubstituted

(heterocyclyl)(arylaminoalkyl groups.
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The invention further provides compounds having the structure .
The invention provides tautomers of the compounds, pharmacentically acceptable
salts of the compounds, and pharmacentically acceptable salts of the tautomers.
Stszcture 11 has the following formula
R 19
\x‘: xe/ "
— R
x4

\,
,&/}
N

R Y

R

R* R®

where:

Y is selected from H, ~OH, ~-OR™ groups, -SH, -SR™ groups,
-NR"R" groups, -CN, -C(=0)-R™ groups, substituted or unsubstituted alkyl
groups, substituted or vnsubstituted alkenyl groups, substituted or unsubstituted
alkyny! groups, substituted or unsubstituted aralkyl gronps, substituted or
unsubstituted. heterocyclylalkyl groups, substituted or unsubstituted alkylami .yl
grdﬁps, substituted or unsubstituted dialkylaminoalkyl groups, substituted or
uusﬁbstituted arylamiinoalkyl groups, substituted or unsubstituted diarylaminoatkyl
groups, substituted or unsubstituted (alkyl)(aryljaminoalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or nnsubstimted
heterocyclyl groups, substituted or unsubstituted ary} groups, substimied or
unsﬁbstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
sub'§ti‘tuted or upsubstituted aryloxyalkyl groups, or substituted or nusubstituted

heterocyclyloxyalkyl groups;

X!, X2, X, and X* are selected from C or N, and at least 6ne of X,

X, X, and X' is N
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R, R* R* R4 R’ R, R, and R® may be the same or different and

are independently selected from H, Cl, Br, F, 1, -NOz, -CN, -OH, -OR" groups,

-NR'R" groups, -C(=0)R® groups, -SH, -SR* groups, -S(=0)R” groups,
S(=0)R* groups, substituted or unsubstituted amidinyl groups, substituted or
unsubstituted guanidinyl groups, substituted or unsubstituted primary, secondary, or
tertiary alkyl groups, substitated or unsubstituted aryl groups, substituted or
unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,

substituted or unsubstitted  terocyclyi groups, substifuted or unsubstituted

~ alkylaminoalkyl groups, substinited or unsubstituted dialkylaminoalkyl groups,

substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted.
diarylaminoalkyl groups, substitated or unsubstituted (alkyl)(aryl)aminoalky]
groups, substituted or unsubstitmied héterocyclylalkyl groups, substituted or
unsubstituted aminoalkyl groups, substitated or unsubstinited
beterocyclylaminoalky! groups, substitnted or unsubstituted hydroxyalkyl groups,
substituted or vasubstituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substimted or vnsubstituted heterocyclyloxyalkyl groups; R’
is absent or is H if X’ is N; R® is absent or is H if X* is N; R’ is absent or is H if X’
is N; and R® is absent or is H if X* is N; '

R’ is selected from H, ~OH, substituted or unsubstituted alkoxy
groups, substituted or unsubstituted aryloxy groups, -NH-z, substituted or
unsubstituted alkylamino groups, substituted or unsubstituted arylamino groups,
substituted or unsubstimted diatkylamine groups, substituted or unsubstituted
diarylamino groups, substimted or upsubstituted (alkyl)(aryl)amino groups,
substituted or unsubstituted atkyl groups, substinuted or unsubstituted aryl groups,
-C(=0)H, -C(=0)-alkyl groups, or —C(=0)-aryl groups;

R is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups., substituted or unsubstituted heterocyclyl
groups, substituted or unsubstituted heterocyclylalky! groups, -C(=0)H,
-C{=0)-alkyl groups, ~C(=0)-aryl groups, -C(=0)0-alkyl groups, -C(=0)0-aryl.
groups, -C(=0)NHz, -C(=O0)NH(alkyl) groups, -C(=0)NH(aryl) groups, .
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~-C{=0)N(alkyl): groups, ~-C{=0)N(aryl): groups, -C(==0)N(alkyl){aryl) groups,

-NHz, -NH(alkyl) groups, -NH({ary}) groups, -N(alkyl): groups, -N(alkyl)(aryl)
groups, ~N(aryl): groups, -C(=0)NH (heterocyclyl} groups,
-C(=0)N(heterocyclyl). groups, -C{(=0)N(alkyl)(beterocyclyl) groups, or
-C(=0)N(aryl)(heterocyclyl) groups;

R' and R" may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, or substituted or

unsubstituted aryl groups;

R™ is selected from H, substituted or unsubstituted alkyl groups,

substituted or unsubstinxted aryl groups, or substituted or unsubstituted heterocyclyl
groups; |
R" is selected from H, substituted or unsubstituted alkyl groups,

substituted or unsubstituted aryl groups, substifuted or unsubstituted heterocyclyl
groups, -OH, alkoxy groups, aryloxy groups, -NHa, substituted or nnsubstituted

‘heterocyclylalkyl groups, substituted or unsubstituted aminoalkyl groups, substituied

or unsubstituted alkylaminoalky] groups, substituied or unsubstituied
dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstituted
(alkyl)(aryDaminoalkyl groups, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substitizted or unsubstituted
dialkylamino groups, substituted or unsubstituted diarylamino groups, substiated or
unsubstituted (alkyl)(aryl}amino groups, -C{(=0)H, -C(=0)-alkyl groups,
-C(=0)-aryl groups, -C(=0)0-alkyl groups, -C{(=0)O-ary! groups, -C{(=0)NHo,
-C(=0)NH(alkyl) groups, -C(=O)NH(aryl) groups, -C(=0)N(alkyl): groups,
-C(=0)N(aryl): groups, -C(=0)N(alkyl)(ary!) groups, -C(=0)-heterocyclyl
groups, -C(=0)-O-heterocyclyl groups, -C({=0)NH(heterocyclyl) groups,
-C(=0)N(heterocyclyl): groups, -C(=0)N(alkyl)(heterocyclyl) groups,
-C(=0)N(aryl)(heterocyciyl) groups, substituted. or unsubstituted
heterocyclylaminoalkyl groups, substituted or unsubstituted hydroxyalkyl groups,
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substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R™ is selected from H, -OH, alkoxy groups, aryloxy groups, -NHa,
-NH(alkyl) groups, -NH(aryl) groups, -N(alkyl). groups, -N(aryl)2 groups,
-N(alkyl)(aryl) groups, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, -NH(heterocyclyl) groups, -N(heterocyclyl: groups,
-N(alkyDheterocyclyl) groups, or -N(aryl)(heterocyclyl) groups;

R* and R” may join together to form a 5 to 7 membered saturated or

unsaturated, substituted or unsubstituted N-containing ring;-

R is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted ary] groups, substituted or unsubstituted heterocyclyl
groups, substituted or wnsubstituted heterocyclylalkyl groups, :C( =0)H,
-C(=0}-alky! groups, ~C(=0j-aryl groups, -C{=0)NHz, -C(=0)NH(aikyl)
groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)z groups, -C{==0)N(aryl):
groups, ~C(=0)N(alkyD{aryl) groups, substitted or unsubstitiited aminoalky
groups, substituted or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl
groups, substituted or unsubstitated diarylaminoalkyl groups, substituted or -
nnsubstituted (alkyh(aryl)aminoalkyl groups, substituted or unsubstituied
heterocyclylaminoalkyl groups, substituted or unsubstituted
dibeterocyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(aryl)aminoalkyl grbups, substituted or nnsubstituted alkoxyalkyl
groups, substituted or unsubstituted aryloxyalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, or substituted or nnsubstituted

heterocyclyloxyalkyl groups;

R is selected from H, substituted or unsubstituted alky! groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

£roups;
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RY is selected from H, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, substifited or unsubstituted heterocyclyl
groups, ~-C(=0)}H, -C{(=0)-alkyl groups, —C{=0)-ary} groups, -C{(=0)NHa,
~C{(=0)NH(allyl) groups, -C(=0)}NH(aryl) groups, -C(=0)N(alkyl): groups,
-C(=0O)N(aryl): groups, -C(=0)N{alkyl}(aryl) groups, -C(=0)O-alkyl groups,
-C{(=0)O-aryl groups, substituted or upsubstituted aminoalky} 'groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted

dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,

~ substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstituted

(aryl)(alkyl)aminoalky! groups, substituted or unsubstituted heterocyclylalkyl
groups, -C(=0)-heterocyclyl groups, -C(=0)-O-heterocyclyl groups,
-C{=0)NH(heterocyclyl) groups, -C(=0)-N(heterocyclyl) groups,
-C(=0)-N(alkyl)(heterocyclyl) groups, -C(=0)-N(aryl}(heterocyelyl) groups,
substituted or vnsubstituted heterocyclylaminoaltkyl groups, snbstituted or
unsubstituted hydroxyatlkyl grdups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, substititted or unsubstituted
heterocyclyloxyalkyl groups, -OH, substimted or unsubstituted alkoxy groups,
substitated or unsubstituted aryloxy groups, or —-NHz groups;

R’ and R" may join together to form a 5 to 7 membered saturated or

unsaturated, substituted or unsubstinited N-containing ring; and

R™, R®, and R* may be the same or different and are independently
selected from H, -NHz, -NH(alkyl) groups, ~NH(aryl) groups, -N(alkyl). groups,
-N{ary})z groups, -N(alkyl)(aryl) groups, substituted or unsubstituted alkyl gfoups,
substituted or nnsubstituted aryl groups, -OH, substituted or unsubstituted alkoxy
gioups, substituted or unsubstituted aryloxy groups, substituted or unsubstimted
heterocyclyl groups, -NHOH, -N(alkyl)OH groups, -N(aryl)OH groups,
-N(alky)O-alkyl groups, -N(aryl)O-alkyl groups, -N(alkyl)O-aryl groups, or
~N(ary})O-aryl groups.
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Preferred compounds having structure If are also provided where Y

is selected from H, -OH, -OR™ groups, or -NR”?R" groubs.

Still other preferred compounds having sgructure I are provided
where at least two of X!, X2, X°, and X* are C and the corresponding substituents
R? R® R’, and R® are hydrogen, and at least one of X', X2, X°, and X' is N, and

the rest of the compound is consistent with any of the above-described compounds.

Still other more preferred compounds of structuré 1T are provided in
which R® or R is an alkyl group and the rest of the compound is consistent with any

of the above-described compounds.

Still other compounds of structure If are provided in which R® or R
is an ~OR™ group and R* is an alkyl, aryl, heterocyclyl, or heterocyclylalky! group
and the rest of the molecule is consistent with any of the above-described

compounds.

Stil} further compounds having the formula of structure H are
provided in which R’ is selected from H, substituted or unsubstituted atkoxy groups,
substituted or unsubstituted heterocyclylaikoxy groups, substituted or unsubstituted

heterocyclyloxy groups, or substifuted or unsubstituted heterocyclyl groups.

Still other compounds having the Structure I1 are provided in which
In other compounds having the structure I, R? is selected from H, F, Cl, -NO,
substifuted or unsubstituted heterocyclyl groups, or substituted or unsubstituted

heterocyclylalkoxy groups.

Pharmacentical formulations according to the present invention are
provided which inclede any of the compounds described above in combination with

a pharmaceutically acceptable carrier.

A method of treating a patient in need of an inhibitor of vascular

endothelial growth factor receptor tyrosine kinase is provided which includes
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administering an effective amount of the pharmaceutical formulation according io !

the present invention to a patient in need thereof.

Further objects, features and advantages of the invention will be

apparent from the following detailed description.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel compounds that act as
antagonists of receptor tyrosine kinases, and, more particularly, as inhibitors of
bFGF and/or VEGF-RTK function. The compounds provided herein can be

formulated into pharmacentical formulations that are useful in treating patients with

provide compositions and methods for reducing capillary proliferation and in the

treatment of cancer.

The following abbreviations and definitions are used throughout this |

application: [

“VEGF” 1s an abbreviation that stands for vascular endothelial

growth factor.
“RTK?” is an abbreviation that stands for receptor tyrosine kinase.

“YEGE-RTK” is an abbreviation that stands for vascular endotheliat

growth facior receptor tyrosine kinase.

“FIt-1” is an abbreviation that stands for fms-like tyrosine kinase-1,

also known as vascular endothelial growth factor receptor-1 or “VEGFR1”.

“KDR” is an abbreviation that stands for kinase- insert domain-
containing recepior, also known as vascular endothelial growth factor receptor-2 or
“VEGFR2”.
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“bEGFEF” is an abbreviation that stands for basic fibroblast growth

factor.

“WEGER” is an abbreviation that stands for basic fibroblast growth

factor receptor.

Generally, reference to a certain element such as hydrogen or H is
meant to include all isotopes of that element. For example, if an R group is defined

to include hydrogen or H, it also includes deuterium and tritium.,

The phrase “uasubstituted atkyl” refers to alkyl groups that do not
contain heteroatoms. Thus the phrase includes straight chain alkyl groups such as
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl and the like. The phrase also includes branched chain isomers of straight
chain alkyl groups, including but pot limited to, the following which are provided
by way of example: ~-CH(CHa)2, -CH(CH3}{CH2CH3), -CH(CH2CHs)z, -C(CHa)s,
-C(CH2CH3)s, -CH2CH(CHs)z, ~-CHCH{CHs)(CH2CHz), -CH2CH(CHzCHs)z,
-CH2C(CHs)s, ~-CH2C(CH2CHs)s, ~-CH(CHs)CH(CH3)(CH2CHs3),
-CH:CH2CH(CHa)e, ~-CH2CH2CH(CH3)(CH2CH:), -CH:CHCH(CH2CHs)2,
-CH2CHC(CHs)s, -CH2CH2C(CH2CHs)s, ~-CH(CH3)CH2CH(CHs)s,
-CH(CH3)CH(CH3)CH(CH3)2, -CH{CH2CHs)CH(CH3)CH(CHs){CH2CHs), and
others. The phrase also includes cyclic alkyl groups such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl and such rings
subs'tituted with straight and branched chain alkyl groups as defined above. The
phrase also includes polycyclic alkyl groups such as, but not limited o, adaman{yl
norbornyl, and bicyclo[2.2.2]octyl and such rings substituted with straight and
branched chain alkyl -gmups as defined above. Thus, the phrase unsubstituted alkyl
groups includes primary alkyl groups, secondary alkyl groups, and tertiary atkyl
groups. Unsubstituted alkyl groups may be bonded to one or more carbon atom(s},
oxygen atom(s), nitrogen atom(s), and/or sulfur atom(s) in the parent compound.
Preferred vnsubstituted alkyl groups include straight and branched chain alkyl
groups and cyclic alkyl groups having 1 to 20 carbon atoms. More preferred such
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unsubstituted alkyl groups have from 1 to 10 carbon atoms while even more
preferred such groups have from 1 to 5 carbon atoms. Most preferred unsubstituted
alkyl groups include straight and branched chain alkyl groups having from I to 3
carbon atoms and include methyl, ethyl, propyl, and ~CH{CHs).

The phrase “substituted alkyl” refers to an unsubstituted alkyl group

as defined above in which one or more bonds to a carbon(s) or hydrogen(s) are

* replaced by a bond to non-hydrogen and non-carbon atoms such as, but not limited

to, a halogen atom in halides such as F, Cl, Br, and I; and oxygen atom in groups
such as hydroxyl groups, alkoxy groups, aryloxy groups, and ester groups; a sulfor
atom in groups such as thiol groups, alkyl and aryl sulfide groups, sulfone groups,
sutfonyl groups, and sulfoxide groups; a nitrogen atom in groups such as amines,

amides, alkylamines, dialkylamines, arylamines, alkylarylamines, diarylamines, N-

- oxides, imides, and enamines; 2 silicon atom in groups such as in trialkylsilyl

groups, diaikylarylsilyi\ groups, alkyldiarylsilyl groups, and triarylsilyl groups; and
other heteroatoms in various other groups. Substituted alkyl groups also include
groups in which one or more bonds to a carbon(s) or hydrogen(s) atom is replaced
by a bond to a hcteroétom such as oxygen in carbonyl, carboxyl, and ester groups;
nitrogen in groups such as imines, oximes, hydrazones, and nitriles. Preferred
substituted alkyl groups include, among otbers, alkyl groups in which one-or more
bonds to a carbon or hydrogen atom is/are replaced by one or more bonds to
fluorine atoms. One example of a substituted alkyl group is the triffnoromethyl
group and other alkyl groups that contain the triflucromethyl group. Other alkyl
groups include those in'which one or more bonds to a carbon or hydrogen atom is
replaced by a bond to an oxygen atom such that the substituted alkyl group contains
a hydroxyl, alkoxy, aryloxy group, or heterocyclyloxy group. Still other alkyl
groups include alky! groups that have an amine, alkylamine, dialkylamine,
arylamine, (alkyl){(aryl)amine,diarylamine, heterocyclylamine,
(alkyl)(heterocyc?yl)amjne, (aryl}(heterocyclylarnine, or diheterocyclylamine

group.
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The phrase “vnsubstituted aryl” refers to aryl groups that do not
contain heteroatoms. Thus the phiase includes, but is not limited to, groups such as
phenyl, biphenyl, anthracenyl, naphtheny! by way of example. Although the phrase
“unsubstinited aryl” includes groups containing condensed rings such as
naphthalene, it does not include aryl groups that have other groups such as alkyl or
halo grodpé bonded to one of the ring members, as afy] groups such as tolyl are
considered herein to be substituted aryl groﬁps as described below. A preferred
unsubstituted aryl group is - :nyl. Unsubstituted aryl groups may be bonded to one
or more carbon atom(s), oxygen atom(s), nitrogeﬁ atomq(s), aﬁd!or sulfur atom(s) in

the parent compound, however.

- The phrase “substituted aryl group” has the same meaning with
respect to unsubstituted aryl groups that substituted alkyl groups had with respect to
unsubstituted alkyl groups. However, a substituted aryl group also includes aryl
groups in which one of the aromatic carbens is bonded to one of the non-carbon of
non-hydrogen atoms described above and also includes aryl groups in which one or
more aromatic carbons of the aryl group is bonded to a substituted and/or
unsubstituted aikyl, alkenyl, or alkynyl group as defined herein. This includes
bonding arrangements.in which two carbon atoms of an aryl group are bonded fo
two atoms of an alksrl, alkenyl, or alkynyl group to define a fused ring system (e.g.
dihydronaphthyl or tetrahydronaphthyl). Thus, the phrase “substituted aryl”
inclodes, but is not limited to tolyl, and hydroxyphenyl among others.

The phrase “ursubstituted alkenyl” refers to straight and branched
chain and cyclic groups such as those described with respect to unsubstinuted alkyl
groups as defined above, except that at least-one double bond exists between two
carbon atoms. Examples inclnde, but are not limited to vinyl, -CH=C(H)(CH3),
-CH=C(CHs)z, -C(CHz)=C(H)z, -C(CHz)=C(H)(CHs), -C(CH2CH3)=CHz,
cyclohexenyl, cyclopentenyl, cyclohexadienyl, butadienyl, pentadienyl, and

hexadieny] among others.
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The phrase “substituted alkenyl” has the same meaning with respect
to unsubstituted alkenyl groups that substituted alkyl groups had with respect to
unsubstituied alkyl groups. A substituted alkenyl group includes alkenyl groups in
which a non-carbon or non-hydrogen atom is bonded to a carbon double bonded to
another carbon and fhose in which one of the non-carbon or pon-hydrogen atoms is

bonded to a carbon not involved in a double bond to another carbon.

The phrase “unsubstituted alkynyl” refers to straight and branched

- chain groups such as those described with respect to unsubstituted alkyl groups as -

defined above, except that at least one triple bond exists between two carbon atoms.

Examples include, but are not limited to ~C=C(H), -C=C(CHs), -C=C(CH:CH3),

-C(H2)C=C(H), -C(H)>C=C(CH3), and -C(H):C=C(CH:CHs) among others.

The phrase “substituted alkynyl™ has the same meaning with respect
to unsubstituted alkynyl groups that substitated alkyl groups had with respect to -
unsubstituted atkyl groﬁps- A substituted atkynyl group includes alkynyl groups in
which a non-carbon or non-hydrogen atom is bonded to a carbon_trible bonded to
another carbon and thosé in which a nou-carbox or nop-hydrogen atom is bonded to

a carbon not involved in a triple bond to another carbon.

The phrase “unsnbstimted aralkyl™ refers to unsubstituted alkyl

groups as defined above in which a hydrogen or carbon bond of the unsubstituted

" alkyl group is replaced with a bond to an aryl group as defined above. For
. example, methyl (-CHs) is an unsubstituted alky] group. If a hydrogen atom of the
‘ methyl group is replaced by a bond to a phemyl group, suck as if the carbon of the

methyl were bonded to a carbon of benzene, then the compound is an nasubstituted
aralky! group (i.e., a benzyl group). Tims the phrase inclides, but is not limited to,
groups sach as benzyl, diphenylmethyl, and 1-phenylethy! (-CH(CeHs)(CHa3)) arnong

 others.

_The phrase “substituted aralkyl” has the same meaning with respect
to unsubstituted araikyl groups that substituted aryl groups had with respect to
unsubstituted aryl groups. However, a substituted aralkyl group also includes
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groups in which a carbon or hydrogen bond of the alkyl part of the group is
replaced by a bond to a non-carbon or a non-hydrogen atom. Examples of
substituted aralkyl groups inclede, but are not limited to, ~-CH2C(=0)CsHs), and
~CHx(2-methylphenyl) among others. |

The phrase “unsubstituted heterocyclyl” refers to both aromatic and
nonaromatic ring compounds including monocyclic, bicyclic, and polycyclic ring
compounds such as, but not limited to, quinuclidyl, containing 3 21 more ring
members of which one or more is a heteroatom such as, but not limited to, N, O,
and S. Although the phrase “ansubstitnted heterocyclyl” includes condensed
heterocyclic rings such as benzimidazolyl, it does not inchide heterocyclyl groups

that have other groups such as atkyl or halo groups bonded to one of the ring

members as compounds such as 2-methylbenzimidazolyl are substituted heterocyclyl

groups. Examples of heterocyclyl groups include, but are not limited to:
unsatirated 3 to 8 membered rings containing 1 to 4 nitrogen atorns such as, but not
limited to pyrrolyl, pycrolinyl, imidazolyl, pyrazolyl, pyridyl, dihydropyridyl,
pysimidyl, pyrazinyl, pyridazinyl, triazolyl (e.g. 4H-1,2, 4-triazolyl, 183-1,2,3-
triazolyl, 2H-1,2,3-triazolyl eic.), tetrazolyl, (e.g. 1H-tetrazolyl, 2H tetrazolyi,
etc.); saturated 3 to 8 membered rings containiug 1 to 4 nitrogen atoms such as, but
not limited to, pyrrolidiny!, imidazolidinyl, piperidinyl, piperazinyl; condensed
unsaturated heterocyclic groups containing 1 to 4 nitrogen atoms suck as, but not
limited to, indolyl, isoindolyl, indolimyl, indolizinyl, benzimidazolyl, q_u'molyl,
isoquinolyl, indazolyl, benzotriazolyl; unsaturated 3 to & membered rings containing
1 to 2 oxygen atoms and 1 to 3 nitrogen atoms such as, but-not limited to, oxazolyl,
isoxazolyl, oxadiazalyl (e.g. 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-
oxadrazolyl, etc.); saturated 3 to 8 membered rings coataining 1 to 2 oxygen atoms
and 1 to 3 nitrogen atoms such as, but not Iimited to, morphokinyl; unsat;;-ated
condensed heterocyclic groups containing 1 to 2 oxygen atoms and 1 to 3 nitrogen
atoras, for example, benzoxazolyl, benzoxadiazolyl, benzoxazinyl (e.g. 2H-1,4-
benzoxazinyl efc.); unsaturated 3 to 8 membered rings containing 1 to 3 sulfur
atoms and 1 to 3 nitrogen atorns such as, but not liraited fo, fhiazolyl, isothiazolyl,

thiadiazolyl (¢.g. 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-
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thiadiazolyl, etc.); saturated 3 to 8 membered rings containing 1 to 2 sulfur atoms
and 1 to 3 nitrogen atoms such as, but not limited to, thiazolodinyl; saturated and

unsaturated 3 to 8 membered 1ings containing 1 to 2 sulfor atoms such as, but not

- limited to, thienyl, dihydrodithiinyl, dibydrodithionyl, tetrahydrothiophene,

tetrahydrothiopyran; unsaturated condensed heterocyclic rings containing 1 to 2
sulfur atoms and 1 to 3 nitrogen atoms such as, but not limited to, benzothiazolyl,
benzothiadiazolyl, benzothiazinyl (e.g. 2H-1,4-benzothiazinyl, etc.),
dihydrobenzothiazinyl (e.g. 2H-3,4-dihydrobenzothiazinyl, etc.), unsaturated 3 to 8
membered rings containing oxygen atoms such as, but not limited to furyl;
unsaturated condensed heteroeyclic rings containing ! to 2 oitygen atoms such as
benzodioxolyl (e.g. 1,3-benzodioxoyl, etc.); unsatrated 3 1o 8 membered Tings
contaming an oXygen atom and 1 to 2 sulfur atoms such as, but not limited to,
dihydrooxathiinyl; saturated 3 to 8 membered rings cpntaining 1 to 2 oxygen atoms
and 1 to 2 sulfur atoms such as 1,4-oxathiane; unsaturated condensed sings

containing 1 to 2 sulfur atoins such as benzothienyl, benzodithiinyl; and unsaturated

condensed heterocyclic rings containing an oxygen atom and 1 to 2 oxygen atoms

such as benzoxathiinyl. Heterocyclyl group also include those described above in

.which one or more S atorus in the ring is double-bonded to one or two oxygen

atoms (sulfoxides and sulfopes). For example, heterocyclyl groups include
tetrahydrothiophene, tetraliydrothiophene oxide, and tetrahydrothiopherne 1,1-

dioxide. Preferred heterocyelyl groups contain 5 or 6 ring members. More

-preferted heterocyclyl groups include morpholine, piperazine, piperidine,

pyrrohidine, imidazole, pyrazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole,
thiomorpholine, thiomorpholine in which the S atom of the thioimorpholine is

bonded to one or more O atorms, pyrrole, homopiperazine, oxazolidin-2-one,

* pyrrolidin-Z-one, oxazole, quinuclidine, thiazole, isoxazole, furan, and

tetrahydrofuran.

The phrase “substituted heterocyclyi'” refers to an unsubstinuted
heterocyclyl group as defined above in which ope of the ring members is bonded to -
a nor-hydrogen atom sueh as described above with respect to substituted atkyl

groups and substitated aryl groups. Examples, inchxde, but are not limited to, 2~
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methylbenzimidazolyl, 5-methylbenzimidazolyl, 5-chlorobenzihiazolyl, I-methyl

piperazinyl, and 2-chloropyridyl among others.

The phrase “unsubstituted heterocyclylalkyl” refers to nnsubstituted
alkyl groups as defined above in which a hydrogen or carbon bond of the
unsubstituted alkyl group is replaced with a bond to a heterocyclyl group as defined
above. For example, methyl (-CHs) is an unsubstituted aikyl groﬁp- If a hydrogen

~ atom of the methyl group is replaced by a bond to 2 heterocyclyl group, such as if

160

15

20

25

the carbon of the methyl were bonded to carbon 2 of pyridine (one of the carbous
bonded to the N of the pyridine) or carbons 3 or 4 of the pyridine, then the
compound is an unsubstituted heterocyclylalkyl group.

The phrase “substituted heterocyclylalkyl” has the same meaning
with respect to unsubstituted heterocyclylalkyl groups that substituted aralkyl groups
had with respect to unsubstituted dralkyl groups. However, a substituted
heterocyclylalkyl group also includes groups in which a non-hydrogen atom is
bonded to a heteroatom in the heterocyclyl group of the heterocyclylalkyl group .

such as, but not limited to, a nitrogen atomn in the piperidine ring of a

piperidinylalkyl group.

The plirase “unsubstituted alkylaminoalkyl” refers to an ussubstituted
alkyl group as defined above in which a carbon or hydrogen bond is replaced by a
bond to a nitrogen atom that is bonded to a hydrogen atom and an unsubstituted
alkyl group as defined above. For example, methyl (-CHs) is an unsubstituted aiky}

‘group. If a hydrogen atom of the methy) group is reptaced by a bond to a nitrogen

atom that is bonded 10 a hydrogen atom and an ethyl group, then the resulting
compound is —CH>-N(H)(CH2CHs) which is an unsubstituted alkylaminoatkyl

group.

The phrase “substituted alkylaminoatkyl” refers to an unsubstituted
alkylaminoalky! group as defined above except where one or more bonds to a
carbon or hydrogen atom in one or both of the alkyl groups is replaced by a bond to

a non-carbon or non-hydrogen atom as described above with respect 1o substituted
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alkyl groups except that the bond to the nitrogen atom in all alkylaminoalkyl groups —

doés not by itself qualify all alkylaminoalkyl groups as being substituted. However,
substitnted alkylaminoatkyl groups does include groups in which the hydrogen
bonded to the nitrogen atom of the group is replaced with 2 non-carbon and non-

hydrogen atom.

The phrase “unsubstituted dialicylamninoalkyl” refers to an
unsubstituted alkyl group as defined above m which a carbon bond or hydrogen
bond 1s replaced by 2 bond to a nitrogen atom which is bonded to two other similar

or different unsubstituted alky} groups as defined above.

The phrase “substituted dialkylaniiﬁoajkyl” refers to an unsubstitnted
dialkylaminoalkyl group as defined above in which one ox more bonds to a carbon
or hydrogen atom in one or more of the alkyl groups is replaced by a bond to a nen-
carbon and nen-hydrogen atom as described with respect to substituted alkyl
groups. The bond to the nitrogen atom in all dialkylaminoalkyl groups does not by
itself qmalify all dialkylaminoalkyl groups as being substituted.

The phrase “wnsubstituted heterocyclyloxyallyl” refers to an
unsubstituted alkyl group as defined above in which a carbon bond or hydrogen

 bond is replaced by a bond to an oxygen atomn which is bonde& o an unsubstitired

heterocyclyl group as defined above.

The phrase “substituted heterocyclyloxyalkyl” refers to an
unsebstituted heterocyclyloxyatkyl group as defined above in which a bond to a
carbon or hydrogen group of the alkyl group of the heterocyclyloxyalkyl group is
bonded to a pon-carbon and non-hydrogen atom as described above with respect to
substituted alky? groups or in which the heterocyclyl group of the
heterocyclyloxyalkyl gréup is a substituted heterocyclyl groulﬁ as defined above.

The phrase “unsubstituted arylaminoalkyl™ refers to an unsubstituted
alky! group as defined above in which a carbon bond or hydrogen bond is replaced
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by 2 bond to a nitrogen atom which is bonded to at least onc unsubstituted aryl

group as defined above.

Tﬁe phrase “substituted arylaminoalkyl” refers to an unsubstituted
arylaminoalkyl gronp as defined above except where either the alky! group of the
arylaminoalkyl group is a substituted alkyl group as defired above or the aryl gromp
of the arylaminoalky! group is a substituted aryl group except that the bonds to the
nitrogen atom in all arylaminoalkyl groaps does not by itself qualify all
arylaminoalkyl groups as being substimted. However, substituted arylai'ninoalkyl
groups does include groups in which the hydrogen bonded to the nitrogen atom of

the group is replaced with a non-carbon aud non-hydrogen atom.

The phrase “unsubstituted heterocyc]ylanﬁnaalkyl”"refers to an
unsubstitited alkyl group as defined above in which a carbon or hydrogen bond is
replaced by a bond te a nitrogen atom which is bonded to at least one unsubstituted

heterocycly! group as defined above.

The phrase “substituted heterocyclylaminoatkyl™ refers to
unsubstitated heterocyclylaminoalky! groups as defined above in which the

-heterocyclyl group is a substituted heterocyclyl group as defined above and/or the

alky! group is a substituted alkyl group as defined above. The bonds to the nitrogen
atom in ail heterocyclylaminoalkyl groups does not by itself gualtify all
heterocyclylaminoalkyl groups as being substituted. However, substitated
heterocyclylaminealkyl groups do mnclude groups in which the hydrogen bonded to
the pitrogen atom of the group Is replaced with a non-carbon and non-hydrogen

atom.

The phrase “unsubstitated alkylaminoalkoxy” refers to an
unsubstituted alkyl group as defined above in which a carbon or hydrogen bond is
replaced by a bond to an oxygen atom which is bonded to the parent compound and
in which another carbon or hydrogen bond of the unsubstituted alkyl group is
bonded to a nitrogen atom which is bonded to a hydrogen atom and an unsubstitnted

alkyl group as defined above.
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_ The phrase “substituted alkylaminoalkoxy” refers to unsubstituted
alkylaminoalkoxy groups as defined above in which a bond to a carbon or hydrogen
atom of the alkyl group bonded to the oxygen atom which is bonded to the parent

compound is replaced by one or more bonds fo a2 non-carbont and non-hydrogen

~ atoms as discussed above with respect to substituted alkyl groups and/or if the

hydrogen bonded to the amino group is bonded to a non-carbor and non-hydrogen
atomn and/or if the alkyl group bonded to the nitrogen of the amine is bonded to a

non-carbon and non-hydrogen atom as described above with respect to substituted

| alkyl groups. The presence of the amine and alkoxy functienality in all

alkylaminoalkoxy gi‘oups does not by itself qualify ail such growps as substituted

- ——

alkylaminoalkoxjr groups.

The pilrase “unsubstitiuted dialkylaminoalkoxy™ refers to an
unsubstituted alky} group as defined above m which a carbon or hydrogen bond.is
replaced by a bond to an oxygen atom which is bonded to the parent compound and
in which another carbon or hydrogen bond of the unsubstituted alkyl group is
bonded to a nitrogen atom which is bonded to two other similar or differemt

unsubstitited alkyt groups as defimed abeve.

The phrase “substituted dialkylaminoalkoxy™ refexrs to an
unsubstituted dialkylaminoalkexy gronp as defined above in which a bond to a
carbon or hydrogen atom of the alkyl group bonded to the oxygen atom wiich 5

bonded to the parent compound is replaced by one or more bonds to a non-carbon

“and non-hydrogen atoms as discussed above with respect to substituted alkyl groups

“and/or if one or more of the alkyl groups bonded to the nitrogen of the amine is

bonded to a non-carbon and non-hydrogen atom as described above with respect to

_substituted alkyl groups. The presence of the amine and alkoxy functionality in all

dialkylaminoalkoxy groups does not by itself qualify all such groups as substituted

_dialkylaminoalkoxy groups.
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The phrase “unsubstituted heterocyclyloxy” refers to a hydroxyl
group (-OH) in which the boad to the hydrogen atom is replaced by a bond to a ring

atom of an otherwise unsubstituted heterocyclyl group as defined above.

The phrase “éubstimtcd heteracyclyloxy™ refers to a hydroxyl group
(-OH) in which the bond to the hydrogen atom is replaced by a bond to a ring atom
of an otherwise substituted heterocyclyl group as defined above.

The term “pis cted™ with respect to hydroxyl groups, amine groups,
and sulfhydryl groups refers to forms of these functionalities which are protected
from undesirable reaction with a protecting group known to those skiiled in the art
such as those set forth in Protective Groups in Organic Synthesis, Greene, T.W ;
Wauts, P. G. M., John Wiley & Sons, New York, NY, (3rd Edition, 1999) which
can be added or removed using the procedures set forth therein. Examples of
protected hydroxyl groups incinde, but are not limited to, silyl ethers such as those
obtzained by reaction of a hydroxyl group with a reagent such as, but not limited to,
t-butyldineethyl-chlorosilane, trimethylchlomsﬂané, triisopropylchlorosilane,
triethylchlorosilane; substituted methyl and ethyl ethers such as, but not limited to
methoxymethyl ether, methythiomethyl] ether, benzyloxymethyl ether, {-
butoxymethyl ether, 2-ruethoxyethoxymethyl ether, tetrahydropyranyl ethers, 1-
ethoxyethyl ether, allyl ether, benzyl ether; esters such as, but not limited to,
benzoylformate, formiate, acetate, irichloroacetate, and triflnoracetate. Examples of
protected amine groups include, but are not limited to, amides sucl as, formamide,
acetamide, trifluoroacetamide, and benzamide; imides, such as phthalimide, and
dithiosuccinimide; and others. Examples of protected sulfhydryl groups include,
but are not limited to, thioethers such as S-benzyl thioether, and S-4-picolyl
thioether; substituted S-methyl derivatives such as hemithio, dithio and aminothio

acetals; and others.

A “pharmaceutically acceptable salt” includes a salt with an
inorganic base, organic base, inorganic acid, organic acid, or basic or acidic amino

acid. As salts of inorganic bases, the invention includes, for example, alkali metals
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basic amino acids, the instant invention inchudes, for example, arginine, lysine and

A7

such as sodinm or potassium; alkaline earth metals such as calcium and magnesium
or aluminum; and apymonia. As salts of organic bases, the invention includes, for
example, trimethylamine, triethylamine, pyridine, picoline, ethanolamine,

diethanolaming, and triethanolamine. As salts of inorganic acids, the instant

~ invention includes, for example, hydrochloric acid, hydroboric acid, nitric acid,

sulfuric acid, and phosphoric acid. As salts of organic acids, the instant invention
includes, for example, formic acid, acetic acid, trifluoroacetic acid, famaric acid,

oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid,

~methanesulfonic acid, benzeneéulfonic acid, and p-toluenesulfonie acid. As salts of

ornithine. Acidic amino acids inctude, for example, aspartic acid and glutamic

acid.

Generally, the invention provides compounds inchiding having the
structure I. The invention also provides tautomers of the compounds,
pharmaceutically acceptable salts of the compounds, and pharmaceuticatly
acceptable salts of the tautomers. Swructure I bas the following formula:

RS

RY .

Preferred compounds having structure I are those within one of four

groups.
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In the first group of compounds:

Y is selected from -OR' groups, -C(=0)-R" groups, -NR'?R?
groups, substituted or unsubstituted alkynyl groups, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstifited alkylaminoalky! groups,
substituted or unsubstituted dialkylaminoalky! groups, substituted or unsubstituted
arylaminealkyl groups, substituted or unsubstituted diarylaminoalkyl groups,
substitnted or unsubstituted (alkyl)(aryl)aminoal_kyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted saturated
heterocyclyl groups, substitnted or nnsubstituted heterocyclyloxyalkyl groups,
substituted or unsubstituted hydroxyatky! gfoups, or substituted or unsubstituted

aij,éloxyalkyl groups;
Z is selected from O, S, or NR™ groups; :

R!, R? R? and R* may be the same or different and are
independently selected from H, Cl, Br, F, 1, -CN, -NO2z, -OH, -OR” groups,
-NRR" groups, substituted or unsubstituted amidiny] groups, substituted or

unsubstituted guanidinyl groups, substituted or unsuvbstinited prirary, secondary, or
tertiary alicyl groups, substituted ot unsubstiruted aryl groups, substitnted or
unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyelyl groups, substituted or unsubstituted
amsinoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substimted
or unsubstituted dialkylaminoalkyl groups, substitnted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalky! groups,
substituted or unsubstituted (alkyl)(arylyaminoalkyl gronps, substituted or
unsnbstituted heterocyclylalkyl groups, substituted or nosubstituted
diheterocyclylaminoalkyl groups, substituted or nnsubstituted
(heterocyclyl(alkyDaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(aryl)aminoalkyl groups, or —C(=O)R‘5 groups;

R’ RS, R’, and R® may be the same or different and are

" independently selected from H, Cl, Br, F, 1, -NOz, -OH, -OR* groups, -NR¥R?



10

15

20

30

49-

groups, -SH, -SR? groups, -S(=0)R* groups, -S(=0):R* groups, -CN, substituted
or unsubstituted amidinyl groups, substituted or unsubstituted guanidinyl groups,
substitnted or unsubstituted primary, secondary, or tertiary alkyl groups, substituted
or unsubstituted aryl groups, substituted or unsubstituted alkenyl groups, substituted
or unsubstituted alkyny! groups, substituted or unsubstituted heterocyclyl groups,
substituted or pnsubstituted heterocyclylalkyl groups, ~C(=O0)R® groups, substituted
or unsubstituted aminoalkyl groups, substituted or unsubstituted alkylaminoalicyl

‘groups, substituted or unsubstituted dialkylaminoallky! groups, substituted or

unsubstituted arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylaminoaikyl gfoups, substituted or unsubstituted
dileteroeyclylamineoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkylaminoalkyl groups, substituted or unsubstituted
(beterocyclyl)(aryl)aminoalkyl groups, suiastituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituted alkoxyalkyl g'roups, substituted or unsubstirted
aryloxyalkyl groups, or substituted or unsubstituted heterocyc]ylo_xya}kyl groups;

R® and R™ may be the same or different and are independently
selected from H, -OH, substituted or unsubstituted alkoxy groups, substituted or
unsubstituted aryloxy groups, -NHz, substittted or unsubstituied alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstitnted
diatkylamino groups, substituted or unsubstituted diarylamino groups, substituted or
qnsubstituted (alkyl)}{(aryl)amino groups, substituted or unsubstitnted alkyl groups,
substituted or unsubstituted aryl groups, -C{(=0)H, ~C(=0)-alkyl groups, or
-C{=0)-aryl groups;

RY is selected from substituted or unsubstituted aryl groups,

substituted or unsubstitated heterocyclyl groups, -C(=0)H, -C(=0)-alkyl groups,
~C(=0)-aryl groups, -C(=0)0-atkyl groups, -C(=0)O-aryl groups, -C(=0)NHe,

-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl)» groups,
-C(=0)N(aryl). groups, -C(=0)N(alkyl)(aryl) groups, -NHz, -NH(alkyl) gmups,
-NH(ary!l) groups, -N(alkyl): groups, -N(alkyl)(aryl) groups, -N(aryl): groups,
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-NH(heterocyelyl) groups, -N{heterocyciyl): groups, -N(alkyl)(heterocyclyl)
groups, -N{aryl){heterocyelyl}, ~C(=0)NH({heterocyclyl) groups,
-C{=0)Ntheterocyclyl)z groups, -C(=0)N{alkyl)(heterocyclyl) groups,
-C(=0)N(aryl)(heterocyclyl) groups, or substituted or unsubstituted
heterocyclylalkyl groups; | '

R" is selected from H, -NHz, -NH(alkyl) groups, -NH(aryl) groups,
-N(alkyl)2 groups, -N(aryl): groups, -Nalkyl)(aryl) groups, -NH(heterocyclyl)
groups, -N(heterocyclyl): groups, -N(alkyl){heterocyclyl) groups,
-N(aryl)(heterocyclyl) groups, -O-alkyl groups, O-aryl groups, heterocyclyloxyalkyl
groups, or substituted or unsubstituted aryl groups;

R is selected from H, substituted or unstubstituted alkyl groups,
substituted or unsubstituted ary! groups, or substitated or unsubstituted heterocyclyl

groups; -

RP is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, substitted or unsubstituted heterocyclyl

“groups, -OH, atkoxy groups, aryloxy groups, -NHz, substituted or unsubstituted

heterocyclylatkyt groups, substituted or unsubstituted aminoalky} groups, substituted
or unsubstituted alkylaminoalkyl groups, substitted or unsubstituted
diatkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstituted
(a]kyl)(m’yl)aminda]kyl groups, substituted or unsubstituted alkylamimo groups,
substituted or unsubstituted arylami.ﬁo groups, substituted or unsubstituted
diatkylamino groups, substituted or unsubstituted diarylamine groups, substinited or
unsubstitiuted (alkyl)aryl)amino groups, -C(=O)H, -C(=0)-alkyl groups,
-C(=0)-aryl groups, -C{=0)0-alkyl groups, -C{(=0)0O-aryl groups, -C{(=0)NHz,
-C{=0)NH(alkyl) groups, -C(=O0)NH(aryl) groups, -C(=0)N(aikyl): groups,
-C(=0)N(aryl). groups, -C(=0)N(alkyl)(aryl) groups, -C(¥O)—heferocyclyl
groups, -C(==0)-O-heterocycly! groups, -C(=0)NH(heterocyclyl) groups,
-C(=O)-N(heterocyglyl)z groups, -C(=0)N(aryl)(heterocyclyl) groups, substituted
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or unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted
hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups, substituted or
unsubstituted aryloxyalkyl groups, sabstituted or unsubstituted heterocyclyloxyaikyl

. groups, or —~C(:O)-N(alkyl)(heterocyclyl) groups;

R and R” may be the same or different and are independently

~ selected from substituted or ungubstituted alkyl groups, substituted or unsubstituted

ary! groups, substituted or unsubstituted heterocyclyl groups, substituted or
unsubstituied heterocyclylalkyl groups, -C(=O)H, -C(=)-alkyl groups,
-C(=0)-aryl groups, -C(=0)NHz, -C(=O)NH(alky) groups, -C(=0)NH(aryl)
groups, ~C(=0)N{alkyl): groups, -C(=0)N(aryl)2 groups, ~C(=0)N(alkyl)(aryl)
groups, ‘~NH(hcterocycly]) groups, =N.(heterocyclyl)z groups,
-N(alkyly(heterocyclyl) groups, -N(aryl)(heterocyclyl) groups, substituted or
unsubstituted aminoatkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl groups, substituted or
unsﬁbstimted arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl
groups, substituted or unsubstituted (alkyl}(aryl}aminoalky! groups, substituted or
unsubstituted heterocyclylaminoalkyl, substituted or unsubstituted
diheterocyclylamincalkyl, substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl, substituted or unsubstinied
(hetqocyclyl)(aryl)aminoalkyl, substitated or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted hydroxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or ussubstituted heterocyclyloxyalkyl groups;

R and R*® may be the same or different and are independently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

R"” and R* may be the same or different and are independeatly
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl gronp's, substituted or unsubsﬁtuted heterocyclyl groups,
-C(=O)H, -C(=0)-alkyl groups, ~C(=0)-ary! groups,-C(=0)NH:,




52~

-C(=0)NH(alkyl} groups, -C{=0)NH(aryl} groups, -C{=0)}N(alkyl): groups,
-C(=0)N(aryl)2 groups, -C{(=0)N(alkyl)(aryl) groups, -C(=0)O-aikyl groups,
-C{=0)0-aryl groups, substimtted or unsubstituted heterocyclylalkyl groups,
substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted ‘
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsui}stimted
diarylaminoalky! groups, substituted or unsubstituted (alkyl)}(aryl)aminoatkyl
groups, -C(=0)-heterocyclyl groups,' -C(==0)-O-heterocyclyl groups,
-C(=0)NH(neteroeyclyl) groups, -C(=0)-N(heterocyclyl) groups,
-C(=0)N(aryl)(beteroeyclyl) groups, substituted or unsubstituted
heterocyclylaminoalky! groups, substituted or unsub'stimtedﬁ
dibeterocyclylaminoalkyl groups, substituted or unsubstimted
(heterocyclyi)(a]icyl)aminoallqu groups, substituted or unsubstituted
(beterocyclyl)(aryl)aminoatkyl groups, substituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituted alkoxyalkyl groups, substituted or nnsubstituted
aryloxyalkyl groups, subsfimted or unsubstituted het:erocyclyloxyalkyl groups, or
-C{=0)-N(alkyD(heterocyclyl} groups;

R, R®, R*, and R” may be the same or different and are
independently selected from H, -NHz, -NH(alkyl) groups, -NH(aryl) groups,
-N{alkyl): groups, -N{aryl): groups, -N(alkyl)(aryl) groups, ~-NH(heterocyclyl)
groups, -N(heterocyclyl){alkyl) groups, ~-N¢heterocyclyl)(aryl) groups, .
-N(beterocyclyl): groups, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, -OH, substituted or unsubstituted alkoxy groups,
substituted or ursubstituted heterocyclyl groups, substituted or unsubstituted aryloxy
groups, heterocyclyloxy groups, -NHOH, -N(alkyl)OH groups, -N(ary)OH groups,
-N(alkyl)O-alkyl groups, -N{aryl)O-alkyl groups, -N(alkyl)O-aryl groups, or
-N(aryl)O-aryl groups; and

RZ is selected from substitated or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyciyl

groups.
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In other embodiments of the invention, compounds of formula I

ahove include a second group of compounds having the substituents described

~below:

Y is selected from ~OR' groups, -C(=0)-R™ groups, -NR2R"
groups, substitnted or unsubstituted alkynyl groui;s, substituted or unsubstituted
heterocyelylalkyl groups, substituted or unsubstitated alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoancyl g,roilps, substitated or unsubstituied
arylaminoalkyl groups, substituted or unsubstituted c{iarylaminaalky] grdups,
substituted or uhsubstitutéd{alkyl)(aryl)ainiﬁdaﬂcyi groups, substituted or
unsubstitnted heterocyclylaminoalkyl groups, substituted or unsubstitited saturated
heterocyclyl gfoups, substitated or unsubstitated heterocyclyloxyalk:yl gfoups_,
substituted or unsubstituted hydroxyalky! groups, or substituted or unsubstituted

aryloxyalkyl groups;
Z is selected from O, S, or NR* groups;

R! R?, R?, and R* may be the same or different and are
independently selected from H, CI, Br, F, I, -CN, -NO:, -OH, -OR* groups,
-NR*RY groups, substitxted or unsubstituted amidinyl groups, substimted or -
unsubstituted guanidinyl groups, substituted or unsubstituted primary, secondary,
and tertiary alkyl groups, substituted or unsubstituted aryl groups, substituted or

unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,
substimted or unsubstituted heterocyclyl groups, substituted or unsubstituted
~aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted

or unsubstitnied dialkylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyi groups,

substituted or unsubstituted (alkyl)}{(aryl)aminoalkyl groups, substituted or
‘unsubstituted heterocyclylalkyl groups, or -C(=0)R" groups;

R®, RS, R’, and R® may be the same or different and are
independently selected from H, CI, Br, F, 1, -NOz, -OH, -ORY groups, -NR*R*
groups, -SH, -SR? groups, -S(=0)R? groups, -S(=0):R** groups, -CN, substituted
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or unsubstituted amidiny} groups, substituted or unsubstituted guanidinyl groups,
substituted or unsubstituted primary, secondary, and tertiary alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted alkenyl groups,
substituted or unsubstituted alkynyl groups, substituted or unsubstituted heterocyclyl
groups; substituted 6: unsubstituted heterocyclyialkyl groups, ~C{=0)R? groups,
substituied or unsubstituted aminoalkyl groups, substituted or unsubstitnted
alkylaminoalkyl groups, subsfitutcd or unsubstituted dialkylamhoalkyl groups,
substitufed or unsubstituted 2 aminoalkyl groups, substituted or unsub_stitufed
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)(arylaminoalkyl
groups, substituted or unsubstituted hetcrocyc]ylaminoalky] groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted atkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or unsubstituted

heterocyclyloxyalkyl groups;

R? is selected from the group consisting of -OH, substituted or
unsubstituted alkoxy groups, subst.itutecl or uasubstituted aryloxy groups, -NHz,
substituted or unsubstiited alkylamino groups, substituted or unsubstituted
arylamino groups, substituted or unsubstituted diatkylamino groups, substituted or
unsubstituted diarylamino groups, substihited or unsubstituted (alkyl(aryl)amino
groups, substituted or upsubstituted alkyl groups, substituted or unsubstituted aryl
groups, -C(=0)H, -C(=0}-aikyl groups, or —-C(=0)-ary! groups;

. R is selected from substituted or unsubstituted aryl groups,
substitnted or wnsubstituted heterocyclyl groups, -C(=0)H, -C(=0)-alkyl groups,
-C(=0)-ary! groups, -C(=0)O-alkyl groups, -C(=0)O-aryl groups, -C(=0)NHz,
-C(=0)NH(alkyl) groups, -C(=0Q)NH{aryl) groups, -C(=0)N(alkyl): groups,
-C(=0)N(aryl)2 groups, -C(=0)N(alkyl)(aryl) groups, -NHz, -NH(alkyl) groups, |
-NH(aryl)‘ groups, -N{alkyl)2 groups, -N{alkyl)(aryl) groups, -N(aryl)z groups,
-C(=0)NH(heterocyclyl) groups, -C(=Q)N(heterocyclyl): groups,
-C(=0)N(alkyl)(heterocyclyl) groups, -C(=0)N(aryl)(heterocyclyl) groups, or -
substituted or unsubstituted heterocyclylalkyl groups;
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RY is selected from H, -NHz, -NH(alkyl) groups, -NH(aryl) groups,
~N(alkyl)z groups, -N{aryl)z groups, -N{(alkyD(aryl) groups, -NH(heterocyclyl)
groups, -N(heterocyclyl): groups, -N(alkyl)(heterocyclyl) groups, -O-alkyl.groups,
O-aryl groups, substituted or unsubstituted alkyl groups, or substituted or
unsnbstituted aryl groups;

R™ is selected from H, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups;

R¥ is selecied from H, substituted or unsubstituted aiky] groups,
substitnted or unsubstituted aryl groups, substituted or unsubstituted heterocyclyl
groups, -OH, alkoxy groupé, aryloxy groups, -NHz, substituted or unsﬁbstimted
alkylamino groups, substituted or unsubstitnted arylamino groups, substituted or
unsubstituted dialkylamino groups, substitnted or unsubstiinted diarylamino groups,
substituted or unsubstituted (alkyl)(aryljamino groups, -C(=0)H, -C(=0)-alkyl
groups, ~C(=0)-aryl groups, -C(=0)0-alkyl groups, -C(=0)0-aryl groups,
_C(=O)NHz, ~C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)NalkyD):
groups, -C(=0)N(aryl): groups, -C(=0)N(alkyl)(aryl) groups, substinted or
unsubstituted heterocyclylaikyl groups, substituted or unsubstituted aminoalkyl
groups, substituted or unsubstituted alkylaminoalkyl groups, substimted or
unsubstituted dialkylsnumoalkyl groups, substituted or unsubstituted arylaminoalkyl
groupS', substituted or unsubstituted diarylaminoajkyl groups, substituted or |
msubstitated (alkyi)(azyl)amindalkyi groups, -C{=0)-heterocyclyl groups,
~C(==0)-O—heter0cyclyl groups, -C{(=0)NH(heterocyclyl) groups,
-C(=0)N{(heterocyclyl) groups, -C(=0)N(aryl)}(heterocyclyl) groups,
-C(=0)N(alkyl)(heterocyclyl) groups, substituted or unsubstimted
hcterocyclylanﬁnoaikyl groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or imsubstituted alkoxyalkyl groups, substituted or unsubstitzted
aryloxyalky!l groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;
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R™ is selected from H, -OH, substituted or unsubstituted alkaxy
groups, substituted or unsubstitxted aryloxy groups, -NHa, substituted or
unsubstituted alkylamino groups, substituted or unsubstituted arylamino groups,
substituted or unsubstituted dialkylamino groups, substituted or unsubstituted
diarylamino groups, substitated or unsubstimated (atkyl)}(aryDamino groups,
substituted or unsubstituted alkyl groups, substituted or unsubstituted aryl groups,
-C(=0)H, -C(=0)-alky! groups, or ~C(=0)-aryl groups;

R" and R" may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substihated or unsu-bstitﬁted
aryl groups, substituted or unsubstituted heterocyclyl groups, substituted or
unsubstituted heterocyclylalkyl groups, -C(=0)H, -C(=0)-alkyl groups,
-C(=0)-aryl groups, -C(=0)NH, -C(=0)NH(aikyl) groups, -C(=0)NHaryl)
groups, -C(=0)N(alkyl): groups, -C(=0)N(aryz groups, ~C(=0)N(alkyl)(ary)
groups, substituted or unsubstituted aminoalky! groups, subsixtuted or nnsubsiituted
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substinzted or unsubstitmted arylaminoalkyl groups, substituted or unsubstituted
diarylammoaikyl groups, substituted or vnsubstituted (alkyl}{aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl, substifuted or
unsubstituted diheterocyclylaminoalkyl, substituted or unsubstituted
(heterocyclyi)(alkyl)aminoaikyl, substituuted or unsubstituted
(heterocyclyl)(aryDaminoalkyl, substituted or unsubstituted alkoxyalky! groups,
substituted or unsubstituted hydroxyalky! groups, substituted or unsubstituted
aryloxyalkyl groups, or énbstimted or unsubstitated heterocyclyloxyatkyl groups;

RS and R® may be the samme or different and are independently
selected from H, substituted or unsubstituted alkyl groups, substituted or

unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

R and R* may be the same or different and are independently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substitated or unsubstituted heterocyclyl groups,
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_C(=0)H, -C(=0)-alkyl groups, -C(=0)-ary] groups,-C(=O)NH:,
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(==0)N(alkyl)2 gronps,
-C(=0)N(aryl)2 groups, ~-C(=0)N(alkyD{aryl) groups, -C(=0)O-alkyl groups,
-C(=0)0-aryl groups, substifuted or unsubstituted heterocyclylalkyl groups,
substituted or unsubstituted amincgﬂkyl groups, substim'ted'or unsubstituied -

" alkylaminoalky} groups, substituted or unsubstituted dialkylaminoalky! groups,

substituted or unsubstituted arylaminoalkyl groups, substifuted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl}(aryl)aminoalkyl
groups, -C(=0)-heterocyclyl grbups, -C(=0)-O-heterocyclyl groups,

-C( =0)NH(hetemcyélyl) groups, -C(zO)-N(heterbcycIyl)z groups,

-C(=0)N(aryl)(heterocyclyl) groups, -C(=0)-N(alkyl)theterocyclyl) groups,
substituted or unsubstituted heterocy’clylaminoalkyi groups, substituted or
unsubstinnted hydroxyalky! groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalky! groups, or substituted or unsubstituted

heterocyclyloxyalkyl groups;

R® R® R* and R” may be the same or different and are
independemntly selected from H, Nz, -NH(alkyl) groups, -NH(aryl) groups,
-N(alky})2 groups, -N(aryl): groups, '-N(alkyl)(aryl) groups, -NH(heterocyclyl)
groups, -N(heterocyclyi)(alkyl) groups, -N(heterocyclyl)aryl} groups,
-N(heterocyclyl): groups, substitated or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, -OH, substituted or nwnsubstituted alkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted or unsubstituted aryloxy
groups, -NHOH, -N(alkylYOH groups, -N(aryl)OH groups, -N{alkyl)O-alkyl
groups, -N(aryl)O-alkyl groups, -N(alkyl)O-aryl groups, or -N(aryD)O-aryl groups;

and

R is selected from substituted or unsubstituted atkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups.
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In another embodiment, the present invention provides a third group
of compounds having the general formula I above with substituents selected from

the following:

Y is selected from '-OI-I, SH, alkylthio groups, arylthio groups, -OR”*
groups, -C(=0)-R" groups, -NRZR" groups, -CN, substituted or unsubstituted
alky} groups, substituted or unsubstitated alkeny! groups, substituted or '
unsubstituted alkynyl groups, substituted or unsubstituted aratkyl groups, substituted
or nnsubstitnted heterocyclylalkyl groups, substituted or unsubstituted
alkylaminoalky? groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or umsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)aryl)arninoaltkyl
groups, substitited or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsﬁb;stimted heterocyclyl groups, substituted or unsubstiteted aryl gronps,
substituted or unsubstituted heterocyclyloxyaﬂcyl groups, substitnted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
or substituted or unsubstituted aryloxyalkyl groups;

Z is selected from O, S, or NR™ groups;

R', R?, R®, and R* may be the same or differert and are
independently selected from H, Cl, Br, F, I, -CN, -NOz, -OH, -OR" groups,
-NR'R" groups, substituted or unsubstituted amidinyl groups, substituted or
unsubstituted guanidinyl groups, substituted or unsnbstituted primary, secondary, or
tertiary alkyl groups, substituted or unsubstituted aryl groups, substituted or
unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,
substituted ot unsubstituted heterocyclyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substitﬁted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoaikyl groups,
substituted or unsubstituted (alkyl)(arylaminoalky! groups, substituted or
unsubstituted beterocyclylalkyl groups, or -C(=0)R";
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R%, RS, R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, I, -NO2, -OH, -OR* groups, -NR*R#
groups, -SH, -SR? groups, -S(=0)R® groups, -S(=0)R* groups, -CN, substituted
or unsubstituted amidiny! groups, substituted or unsubstituted guanidinyl groups,

* substituted or unsubstituted primary, secondary, or tertiary alkyl groups, substituted

or unsubstitnied ary! groups, substituted or unsubstituted alkenyl groups, substituted
or unsubstituted alkynyl groups, substituted or unsubstituted heterocyclyl groups,

* substituted or unsubstituted alkylamimealkyl groups, substituted or unsuhétituted
‘ dialkylami;loalkyl groups, substituted or unsubstituted arylaminoaliyl groups,
 substitited or unsubstituted diarylaminoalkyl groups, substituted or nnsubstituted

(alkyl)(aryl)aminoalkyl groups, substifuted or vnsubstituted heterocyclylaliyl
groups, ~C(=C)R25 groups, substituted or unsubstituted aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstitated hydroxyalkyl gronps, substituted or nnsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or unsubstituted

heterocyclyloxyalkyl groups;

R® and R™ may be the same or different and are independently
selected from I-L -OH, substituted or unsubstimuted alkoxy groups, substituted or
unsubstituted aryloxy groupé,_—NHz, substituted or unsubstitnted alkylamino groups,
substituted or unsubstituted arylz{mino groups, substituted or unsubstituted

dialkylamino groups, substituted or unsubstituted diarylamino groups, substituted or
unsubstituted (alkyl)(aryl)amino groups, substituted or unsubstituted alkyl groups,
‘substituted or unswbstituted aryl groups, -C(=O)H, -C(=0O}-alkyl groups, or

-C(=0)-aryl groups;

R is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted heterocyclyl
groups, substituted or unsubstitutéd heterocyclylalkyl groups, -C{(=0)H,
-C(=0)-alky!l groups, -C(==0)-aryl groups, -C(=0)0-alky! groups, -C(=0)O-‘aryl
groups, -C(=0)NHz, -C(=0)NH(alky!) groups, -C(=0)NH({aryl) groups,
-C(=0O)N(alkyl): groups, -C(=0)N(aryl). groups, -C(=0)N(alkyl)}(aryl) groups,
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" -NH-, -ﬁH(alkyl) groups, -NH(aryl) groups, -N(alkyl)2 groups, -N(alkyl}(aryl)

groups, -N{aryl): groups, -C{=0)NH(keterocyclyl) groups,
-C(=0)N(heterocyclyl)z groups, -C(==0)N(alkyl)(beterocyclyl) groups, or
-C{=0)N(aryl)(heterocyciyl) groups;

R is selected from H, -OH, alkoxy groups, aryloxy groups, -NHx,
-NH(alkyl) groups, -NH(aryl) groups, -N(alkyl)2 groups, -N(ary!): groups,
-N(alkyI){aryl) groups, substituted or unsubstituted alky! groups, -NH{heterocyclyl)
groups, -N(heterocyclyl)z groups, -N{alkyl(heterocyclyl) groups, or substituted or

unsubstitited ary! groups;

RY is selected from H, substituted or unsubstituted alkyl groups,
substituted or nnsubstituted ary) groups, or substituted or unsubstituied heterocycly!

groups;

_ R is selected from H, substituted or unsubstituted alky? groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted heterocyclyl
groups, -OH, alkoxy groups, aryloxy groups, -NHz, substituted or unsubstituted
heterocyclylalkyl groups, substituted or unsubstituted aminoalkyl groups, substitited
or unsubstituted alkylaminoalkyl groups, substituted or svnsubstituted
dialkylaminoalkyl groups, substimted or unsubstituted arylaminoalkyl groups,
substitated or unsubstituted diarylamincalky] groups, substituted or unsubstitated
(atkyl){aryl)aminoalky! groups, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstitoted
dialkylamino groups, substituted or unsubsiituted diarylamino groups, substifuted or
unsubstituted (alkyl)(aryl)amino groups, -C(=0)H, -C(=0)-alky! groups,
-C(=0)-aryl groups, -C(=0)0-alkyl groups, -C(=0)0O-aryl gfoups, -C{=0)NHz,
~C(=O)NH(alky}) groups, -C(==O)NH(aryl) groups, -C(=O)N(alkyl): groups,
-C(=0)N(aryl)z groups, -C(=0)N(alkyl)(aryl) groups, -C(=0)-heterocyclyl
groups, -C(=0)-O-heterocyclyl groups, -C(=0)NH(beterocyclyl) groups,
-C(=0)N(heterocyclyl) groups, -C{=0)N(alky)(heterocyclyl) groups,
-C(=0)N(aryl)(heterocyclyl) groups, substituted or unsubstituted
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heteracyclylaminoalkyl groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R* and RY may be the same or different and are independently
selected from substituted or unsubstituted alkyl groups, substitnted or unsubstituted
aryl groups; substituted or unsubstituted heterocyclyl groups, substituted or
unsubstituted heterocyclylalkyl groups, ~C(=0)H, -C(=0)-alkyl groups,
-C(=0)-aryl groups, -C(=0)NH:z, ~C(=O0)NH(alkyl) groups, -C(=0}NH(aryl).
groups, -C(=0)Nalkyl)> groups, -C{=0)N(aryl)z groups, ~C(=0)N(alkyl)(aryl)
groups, substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substitnted or unsﬁbstimted arylaminoalky! groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)(aryDaminoalky}
groups, suhstituted or unsubstituted heterocyclylaminoalkyl, substituted or
unsubstituted diheterocyclylaminecalkyl, substituted or unsubstituted
(heterocyclyl)(alkyDaminoaikyl, substituted or unsubstituted
{heterocyclyl){arylaminoalkyl, substituted or unsubstituted alkoxyalkyl groups,
substituted or upsubstituted hydroxyalkyl groups, substituted or nnsubstituted
aryloxyalkyl gronps, or substituted or unsubstituted heterocyclyloxyalky! groups;

R and R* may be the same or different and are independensiy
selected from H, substituted or unsubstituted alky! groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heteroeyelyl groups;

R" and R* may be the same or different and are indepepdently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsnbstituted heterocyclyl groups,
-C(=0)H, -C(=0)-alkyl groups, ~C(=0)-aryl groups,-C(=O)NIk,
-C(=0)NH(alkyl) groups, -C{(=0)NH(aryl) groups, -C(=0)N(alkyl): groups,
-C{=0)N(aryl)2 groups, -C(=0)N(alkyl)(aryl) groups, -C(=0)O-alkyl groups,
-C(=0)0-aryl groups, substituted or nnsubstituted heterocyclylatkyl groups,
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substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted
alkylarninoalkyl groups, substitted or vnsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl
groups, ~-C(=0)-heterocyelyl groups, ~-C(=0)-O-heterocyclyl groups,
-C(=0)NH(heterocyclyl) gronps, -C(=0)N(heterocyclyl): groups,
-C(=0)N(alkyl)(heterocyelyly groups, -C(=0)N(aryl)(heterocyclyl) groups,
substituted or unsubstituted ke ;ocyclylaminoalkyl groups, substiﬁited or
unsubstituted hydrdxyalkyl groups, substituted or unsubstituted alkoxyalkyi g:oups;
substituted or unsubstituted aryloxyalkyl groups, or substitufed or unsubstituted

hetcrocyclyloxyaﬂkyl groups;

R®, R®, R¥, and R* may be the same or different and are
independently selected from H, -NH:, -NH(alkyl) groups, -NH{aryl) groups,
-N(alkyl)z groups, -N{aryl): groups, -N(alkyD{aryl} groups, -NH(heierocyclyt)
groups, -Nheterocyclyl)(alkyl) groups, -N(heterocyclyl)(aryl) groups,
-N(heterocyclyl): groups, substituted or unsubstituted alkyl groups, substitnted or
unsubstitted aryl groups, -OH, substituted or unsubstituted alkoxy groups,
substituted or unsubstituted aryloxy groups, substituted or unsubstituted heterocyclyl
groups, ~-NHOH, -N{alkyl)OH groups, -N{aryl)OH groups, -N{alkyl)O-alkyl
groups, -N{ary1)O-alkvl groups, -N(alkyl)O-aryl groups, or -N(aryl)O-ary! groups;

and

R* s selected from substituted or unsubstituted atkyl groups,
substinuted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

groups.

In the third group of compounds, at least one of R%, RS, R?, or R? is
selected from substituted or unsubstitited amidinyl groups, substituted or
unsubstituted guanidinyl groups, sui;stituted or unsubstituted saturated heterocyclyl
groups, substituted or wnsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or nnsubstituted arylaminoalkyl
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grou?s, substituted or unsubstifuted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(arylaminoaikyl groups, substituted or unsubstituted
heterocyelylalkyl groups, substituted or unsubstituted heterocyclylaminoalkyl

groups, substituted or unsubstituted hydroxyalkyl groups, substituted or

unsubstituted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl groups,
or substituted or unsubstitted heterocyclyloxyalkyl groups; -OR" groups where R'®
is selected from substituted or unsubstitnted aryl groups, substituted or unsubstituted
heterocyelyl groups, substituted or unsubstinited heterocyclylalkyl groups,
_-C_(=0)H, ~C(=0)-aryl groups, -C(=0)NHz, -C(=0)NH{alkyl) groups,
-C(=0)NH(aryl) groups, -C(=0)N(alkyl)> groups, -C(=0)N(aryl)> groups,
-C(=0)N(atkyl)(aryl) groups, substituted or unsubstituted aminoalkyl g'rdups,
substituted or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,
substituted ox unsubstituted diafylaminoalkyl groups, substituted or unsuﬁstituted
(alkyl)(arylDaminoalky! groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted dibeterocyclylaminoalky! groups, substituted or
unsub.stituted {(heterocyclyl){alkyl)amincalkyl groups, substituted or unsubstituted
(beterocyclyl){(aryl)aminoalkyl groups, substituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
arylbxya-lkyl groups, or substituted and unsubstitted heterocyclyloxyalkyl groups;
-NR™R? groups where R™" is selected from substituted or unsubstituted heterocyclyl
groups; -NR*™R* groups where R* is selected from suﬁstimted or unsubstitited
heterocyclyl groups, -C{=0)H, ~C(=0)-aryl groups,-C(=0)NHz,
~C(=0)NH(alkyl) groups, -C{=0)NH(aryl) gfoups, -C(=0)N(alkyl) groups,
~-C{=0)N(aryl): groups, -C(=0)N(alkyl){aryl) groups, -C{=0)0O-alkyl groups,
-C(=0)O-ary! groups, substituted or unsubstituted aminoalky] groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted -
dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,

‘substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstituted

(alkyD(aryDaminoalkyl groups, substituted or unsubstituted heterocyclylaminoatkyl
groups, substituted or unsubstituted hydroxyalkyl groups, substituted or-




10

15

20

-64.

unsubstituted alkoxyalkyl groups, substituted or unsnbstituted aryloxyalkyl groups,
substituted or unsubstituted heterocyclylalkyl groups, or substituted or unsubstituted
heterocyclyloxyalky! groups; or -C¢(=0)R” groups where R” is selected from H,
-NH-, -NH(alkyl) groups, -NH(aryl) groups, -N{alky1)2 groups, -N(aryl): groups,
~N(alkyl)(aryl) groups, -NH(beterocyclyl) groups, -N(heterocyclyl)(alkyl) groups,

- -N(heterocyclylj(aryl) groups, -N(heterocyclyl)2 groups, substituted or unsubstituted

aryl groups, substituted or unsubstituted aryloxy groups, or substituted or
unsubstituted heterocyclyl groups.

In yet another embodiment, the present invention encompasses
compounds of formula I in which the substituents described below define a fourth

group of cornpounds:

Y is selected from -OH, SH, alkylthio groups, arylthio groups, -OR™
groups, -C(=0)-R" groups, -NR”R” groups, -CN, substituted or unsubstituted
alkyl groups, substituted or unsubstituted alkenyl groups, substituted or
unsubstituted alkyny! groups, substitated or unsubstituted aralkyl groups, substituted
or unsubstituted heterocyclylalkyl groups, substituted or unsubstituted
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
snbstituted or unsubstituted arylaminoatkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (al]ql)(ary])amiuoélkyl
groups, substituted or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstitited aryl groups,
substituted or unsubstituted heterocyclyl'oxya]kyl groups, substituted or
unsubstitated hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
or substituted or unsubstituted aryloxyalkyl groups;

Z is selected from O, S, or NR* groups;

R', R?, R?, and R* may be the same or different and are
independently selected from H, Cl, Br, F, I, -CN, -NOz, -OH, -OR” groups,
-NR¥R"Y groups, substituted or unsubstituted amidinyl groups, substituted or

unsubstituted gﬁanidinyl groups, substituted or unsubstituied primary, secondary, or
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tertiary alkyl groups, substituted or unsubstitnted aryl groups, substituted or
unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups,
substituted or unsubstituted heterocyclyl groups, substiftted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl grdups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsnbstituied diarylaminoalkyl groups,
substituted or unsubstituted (alkyl)(ary})aminoalkyl groups, substituted or
unsubstituted heterocyclylalkyl groups, or -C(=0)R" groups;

R®, RS, R’, and R® may be the same or different and are
independently selected from H, Cl, Br, F, L, -NOz, -OH, -OR” groups, -NR*R*
groups, -SH, -SRZ groups, -S(=0)R? groups, ~S(=0)R* groups, -CN, substituted
or unsubstituted amidioyl groups, subsiituted or vosubstituted guanidiny] groups,
substituted or unsubstituted primary, secondary, or tertiary alkyl groups, substituted
or unsubstituted aryl groups, substituted or unsubsﬁmted alkeny! groups, substituted
or unsubstituted alkynyl groups, substitnted or unsubstituted héterocycijzl groups,
substituted or upsubstituted alkylaminoalkyl groups, substituted or unsubé:ﬁtuted
dialkylaminoalky! groups, substituted or unsubstituted aryiamiﬁoalkyl groups,
substituied or unsubstituted diarylamineatkyl groups, Substimted or unsubstituted
(alkyD(aryl)aminoalkyl groups, substituted or unsubstituted heterocyclylalkyl
groups, -C(=0)RZ groups, substituted or unsubstituted aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl grbups, or substituted or unsubstituted

heterocyclyloxyalkyl groups;

R’ and R* may be thé same or different and are independently
selccted‘ from H, -OH, substituted or unsubstituted alkoxy groups, substituted or
unsubstitated aryloxy groups, -NHz, substituted or unsubstituted alkylamino groups,
substitted or unsubstituted arylamino groups, substituted or unsubstituted
dialkylamino groups, substituted or unsubstituted diarylamino groups, substituted or
unsubstituted (allcyl)(aryl)émino groups, substituted or unsubstituted aikyl groups,
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substituted or unsubstitted aryl groups, -C(=0)H, -C(=0)-alky} groups, or
-C(=0)-aryl groups;

R is selected from substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, substituted or unsubstituted beterocyclyl
groups, substituted or unsubstituted heterocyclylalkyl groups, -C{(=0)H,

-C(=0)- alkyl groups, —C( O)-ary! groups, -C(= O)O alkyl groups ~C{=0)0-aryl
groups, -C(=0)NHz, ~C(~O)NH(chyl) groups, -C(=0)NH(aryl) groups,
-C(=0)N(alkyl)2 groups, -C(=0)N{aryl)2 groups, -C(=0)N(alkyl)(aryl} groups,
-NH2, -NH(alkyl) groups, -NH(aryl) groups, -N{alkyl): groups, -N{alkyl)(aryl)
groups, -N(aryl): gronps, -C(=0)NH(heterocyciyl) groups,

~ -C(=0)N(heterocyclyl): groups, -C(=0)N(alkyl}(heterocyclyl) groups, or

-C(=0)N(aryl)(beterocyclyl) groups;

RY is selected from H, -OH, alkoxy groups, aryloxy groups, -NHz,
~NH(alkyl) groups, -NH(aryl} groups, -N(alkyl)z groups, -N(aryl)z groups,

'-N(a]kyl)(aryl) groups, substituted or unsubstituted alkyl groups, -NH({heterocyclyl) .

groups, -N(heterocyclyl)z groups —N(alkyl)(heterocyclyl) groups, or substituted or
unsubstltuted aryl groups;

- R s selected from H, substituted or unsubstituted alkyl groups,
substituted or unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

£roups;

R* is selected from H, substituted or unsubstituted alkyl groups,

substitiied or unsubstituted aryl groups, substituted or nnsubstituted heterocyclyl

groups, -OH, alkoxy groups, aryloxy groups, -NHz, substituted or unsubstituted
heterocyclylaikyl groups, substituted or unsubstitnted am.iﬁoalkyl groups, substituted
or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoaltkyl groups, substitted or unsubstituted
(alkyl){aryl)aminoalkyl groups, substituted or unsubstituted alkylamino groups,
substituted or nosubstituted arylamino groups, substitated or unsubstituted
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dialkylamino groups, substituted or unsubstituted diarylamino groups, substituted or
unsubstitated (alkyl)(aryl)amino groups, -C(=O0)H, ~-C(=0)-alkyl groups,
-C(=0)-aryl groups, -C{=0)0-alkyl groups, ~-C(=0)O-ary}l groups, -C(=0)NHz,
-C(=0)NH(alky}) groups, -C(=O)NH(aryl) groups, -C{=0)N(alkyl)> groups,
-C(=0)N(aryl)2 groups, -C(=0)N(alkyl)}aryl) groups, -C(=0)-heterocyclyl
groups, -C(=0)-O-heterocyclyl groups, -C(=0O)NH(heterocyclyl) groups,
-C(=0)N(heterocyclyl)z groups, ~C(=0)-N(alkyl)(heterocyclyl) groups,

-C'( =)N(aryl)(heterocyclyl) groups, substitted or unsubstinted
heierocyclylaminoalkyl groups, substituted or vasubstituted hydroxyalkyt groups,
suEstituted or upsubstituted alkoxyalkyl groups, substituted or upsubstituted
aryloxyalkyl groups, or substituted or upsubstituted heterocyclyloxyalkyl groups;

R" and R may be the same or different and are independentljr
selected from substituted or nnsnbstituted a]kjfl groups, substituted or ﬁnéubstituted
aryl groups, substituted or nnsubstitited heterocyclyl groups, substituted or
unsubstituted heterocyclylalkyl groups, -C{(=0)H, -C(=0)-alkyl groups,
-C(=0)-aryl groups, -C(=0)NHz, -C(=0)NH(alkyl) groups, -C(=0)NH(aryl)
groups, -C{=0)N(alkyl): groups, -C(=0)N(aryl): groups, -C{=0)N(alkyl)(aryl)
groups, substituted or unsubstituted aminoalkyl groups ,' substitated dr unsubstimted
alkylaminoalkyl groﬁps, snbstituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstitnted arylaminoalkyl groups, substituted or unsubstituted
di;clrjrlaminoalkyl groups, substituted or unsubstituted (alkyl){aryDaminoalky!
groups ,' substituted or unsubstituted heterocyclylaminoalkyi, substituted or
unsubstituted diheterocyclylaminoalkyl, substituted or unsubstituted
(heteroéyclyl)(alkyi}ahﬁnoa]kyl, substituted or unsubstituted
(heterocyclyl)(arylaminoalkyl, substituted or nusubstituted alkoxyalkyl groups,
substituted or unsubstiuted hydroxyatkyl groups, substituted or unsubstituted
aryldxyalkyl groups, or substituted or unsubstitnted heterocyclyloxyalkyl groups;

R and R* may be the same or different and are independently
selected from H, substituted or unsubstituted atkyl groups, substituted or

unsubstituted aryl groups, or substituted or unsubstituied heterocyclyl groups;
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R'"and R* may be the same or different and are independently
selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups,
-C(=0)H, -C(=0)-alkyl gronps, -C(=0)-aryl groups,-C(=0)NHa,
-C(=0)NH(alkyl) groups, -C{=0)NH(aryl) groups, -C(=0)N(alkyl). groups,

C(=0)N(aryl): groups, -C(=0)Nalkyl)(aryl) groups, -C(=0)O-alkyl groups,

-C(=0)0-aryl groups, substituted or unsubstituted heterocyclylalicyl groups,
substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted
alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substitoted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalky! groups, substituied or unsubstitated (alkyl)(aryl)aminoatkyl
groups, -C( ﬂO)—hetcroéyclyl groups, -C(=0)-O-heterocyclyl groups,
-C(=0)NH(heterocyclyl) groups, -C(=0)-N(heterocyclyl)2 groups,
-C(=0)-N(alkyl)Xheterocyclyl) groups, -C(=0)-N(aryl)(heterocyclyl) groups,
substituted or unsubstituted heterocyclylamineaikyl groups, substituted or
uasubstituted hydroxyaikyl groups, substituted or unsubstituted atkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or unsubstituted

heterocyclyloxyalkyl groups;

R, R®, R*, and R¥ may be the same or different and are
independently selected from H, -NHz, -NH'(alkyl) groups, -NH(aryl} groups,
-N(alkyl)z groups, -N{aryl)2 groups, -N{alkyl¥aryl) groups, -NH(beterocyclyl)
groups, -N(heterocyclyl)(alkyl) groups, -N{heterocyclyl)}aryl) groups,
-Ntheterocyclyl): groups, substituted or unsubstituted alkyl groups, substituied or
unsubstituted ary! groups, -OH, substitated or nnsubstitnted alkoxy groups,
substituted or unsubstitited aryloxy groups, substited or unsubstituted heterocyclyl
groups, ~-NHOH, -N(alkyl)OH groups, -N{ary)OH groups, -N{alkyl)O-alkyl
groups, ~N(aryl)O-alkyl groups, -N(alkyl)O-aryl grdups, or -N(aryl)O-aryl groups;

and
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R is selected from substitted or unsubstituted alky} groups,
substimted ox unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl

Sroups.

In the fourth group of compounds, at least one of R’ , R% R?, of R*is
an ~OR™ group and R is selected from substituted or unsubstituted
heterocyclylalky! groups, substituted or unsﬁbstimted dialkylarinoalky) groﬁps-,
suf)stituted or unsubstituted alkylamicoalkyl groups, substitutéd or unsubstituted
aminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups, substituted
or ﬁnsubstituted arylaminoalkyl groups, substituted or unsubstituted
(alkyl{aryDaminoalkyl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups, substituted or
unsubstituted diheterocyclylaminozlkyl groups, substituted or unsubstituted
(heterocyclyl)(alkyl)aﬁiinoalkyl groups, or substimted or unsubstituted
{heterocyclyl){aryl)aminoaltkyl groups.

In the ﬁrst, second, or third group of compounds Z is preferably an
-NR* group, more preferably where R* is H. Preferred édmpounds of the fourth
group include those compounds in which Z is an -NR'® group, more preferably

where R is H.

Y is preferably an -OR” grﬁup, an -NR7R" group, or a substitute~
or unsubstitted atkynyl group, or inore preferably is an ~NRPN" group in the
first, second, third, and fourth groups of compounds. In more preferred
compounds of the first group, Y is a NRRY group and R? is 4. In more
preferred cbmpounds of the second and third groups, Y is a NR"R™ group and one
or both of R and R" are H. |

Other preferred compounds of the first, second, and third groups

include those where Y is selected from -N{(CH3)2, -NH(CH3), -NH(CH2CHs),

~N(CH2CHs), 5NH(aryl) groups, -N(aryl): groups, -NHNH:, -NHN(CHs)z,
-N(CHz)NH{CHs), -NH(CH:)=NH: groups, -NH(CH2)=NH(alkyl) groups,

 -NH(CH2)xN(alkyl): groups, -N{alkyl)(CH2)mNH:2 groups,
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-N(alky){CH2)m-NH(alkyl) groups, -N{alkyD(CHz)=N(alkyl): groups,
-NH(CHz)a(heterocyclyl) groups, -N(alky)[(CHa)e(heterocyclyl)] groups,
-NH(CHz)nOH groups, -NH(CH)~OCHs groups, -NHCH2CH(NH2)CH(CHs)z,
-NH(2-aminocyclohexyl), -NH(cyclohexyl), -NHOCHs, -NH(N-morpholinyl),
-NH(quinaclidyl), especially -NH(quinuclid-3-yl), or groups where R¥ and R¥ join
to form a substituted or unsubstituted saturated 5 or 6 membered N-containing ring,
where m is an integer ranging from 2 to 4 such as 2, 3, or 4 and n is an integer

ranging from O to 3 such as C. , 2, or 3.

More preferred compounds of the first, second, and third also
include those in which Y is selected from ~NH(5-benzimidazoly1),
-NH(CH2)N(CH»)z, -NH(CH=2).0H, -NH(CHz){4-imidazolyh), -NH(CHz)(3-
imidazolyl), -NH(CHz)(4-pyridyl), “NH(CHz)(2-pyridyl), -NH(CHz)(3-pyridyl),
-NHE(CH2)(2-tetrahydrofuranyl), -NH(CHz)(4-piperidinyl), -NH(CHz)(3-
piperidinyl}, -NH(CHz)z[2-(N-methy1pynolidi£yl)], .-N H{CHz)2(2-pymrolidinyl),
-NH(CHz)[2-(N-methylpyrrolidinyl)], -NH(CH2)(2-pyrrolidinyl), -NH(3-
piperidinyl), or ~-NH(3-pyrrolidinyl).

Preferred compounds of the first and second groups include those -
compounds where R!, R%, R?, R*, RS, R”, and R® are all H. Other preferred
compounds of the first, second, third, and fourth groups include those where R' is
selected from H, subsdtuted or mi_substituied alkoxy groups, substituted or
unsubstituted heterocyclylalkoxy groups, substituted or unsubstitated \
heterocyclyloxy groups, substitited or unsubstituted hetefocyclyl groups, substituted
or unsubstituted alkyl-, heterocyclyl-, or aryl-aminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted .
diarylaminoalkyl groups, substituted or wnsubstituted (alkyl)(aryl)aminoatkyl
groups, substituted or unsubstituted alkyl- .or aryl-aminoalkoxy groups, substituted
or unsubstituted dialkylaminoalkoxy groups, or substituted or unsubstituted
diarylaminoaikoxy groups. Still other compounds of the first, second, third, and
fourth groups include those iz which R’ is selected from F, Cl, substituted oz
unsubstituted alkoxy groups, substituted or unsubstituted heterocyclylalkoxy groups,
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substituted or unsubstinited heterocyclyl groups, substituted or unsubstimted alkyl-,
heterocyclyl-, or aryl-aminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted of unsubstituted diarylaminoalky!l groups;
substituted or nnsubstituted (alkyl){aryl)aminoalkyl groups, substituted or - :
unsubstituted aikylamjnoallcoxy groups, substituted dr unsuhstituted.
arylaminoalkexy groups, substituted or unsubstituted dialkylaminoaikoxy groups,
substituted or nnsubstituted diarylaminbalkbxy groups, or substituted or
unsubstituted (alkyl){aryDaminoalkoxy groups. Particular examples include:
-OCHs, ~-OCH2CH(N-morpbolinyl), -N-morpholinyl, -N-cis-dialkylmerpholinyl,
-N-(4-alkyl)piperazinyl, -OCH2CH:2N(alkyl). groups, -OCH2CH2NH(alkyl) groups,
-OCH:CH:NH:, -OCH:CH:NH(aryl) groups, ~-OCH:CH:N(aryl)z groups,
-OCH2CH2N(alkyl)(aryl) groups, alkoxy groups, -O(4-piperidinyl), -O[4-(1-
alkylpiperidinyl] groups, ~Of3-(1-alkyDpiperidinyl] groups, -O[3-quinuclidinyl],
-OCH2(2-pyridyl), -OCHz(d-pyridyl), -O(3-pyrrolidinyl), or -Of3-(1-
alkylypyrrolidinyi] groups.

Still other preferred compounds of the first, second, third, and fourth
groups include these in which R? is selected from F, Cl, -NO2, -OCHs, N-
morpholinyl, -N-cis-dialkylmorpholinyl, -N-(4-alkylpiperazinyi, or -OCHa(2-
pyridyl). Other preferred compounds of the first, second, third, and fourth groups
include those where R? is selected from H, F, Cl, -NO2, substituted or unsubstituted

“heterocyclylalkoxy groups, or substituted or unsubstituted heterocyclyl groups. Yet

- other preferred compounds of the first, second, thlrd, and fourth groups include
“those where R* is selected from F, Cl, -NO2, substituted or unsubstituted alkoxy

groups, substituted or unsubstituted heterocyclylalkoxy groups, substituted or
unsubstituted heterocyclyl groups; substituted or unsubstituted alkyl-, heterccycyl-,
and aryl-aminoalkyl groups, substituted or unsubstituted diaikyl- and diaryl-

aminoalkyl groups, substituted or unsubstitnted alkylarylaminoalkyl groups,

- substituted or unsubstituted alkyl- and aryl-aminoalkoxy groups, substituted or

unsubstituted dialkyl- and diaryl-aminoalkoxy groups, or substituted or
unsubstituted alkylarylaminoalkoxy groups.
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Stﬂl further preferred compounds of the first, second, third, and
fourth groups include those where R® is an alky] group having from one to four
carbon atoms. In other preferred compounds of the first, second, third, and fourth
groups, R’ is an alkyl group having from one to four carbon atoms. Still further
preferred compounds of the four groups are those in which R® or R is an ~OR®
group and R? is an alkyl group, an aryl group, a heterocyelyl group, or a
heterocyclylalkyl group. |

In still other preferred compounds of the first, second, third, and
fourth groups, R®or R7 is a ~OCH2(CH2)q(heterocyclyl) group and qis0, 1,2, 3,0r
4, more preferably where the beterocyclyl group of the ~OCHz(CHz)q(heferocyclyl)
group is a heteroeycle selected from substituted or unsubstituted morpholine,
substituted or unsubstituted piperazine, substituted or unsubstituted piperidine,
substituted or unsubstituted pyrrolidine, subsiituted or unsubstituted pyrmrole,
substitated or unsnbstituted {midazole, substituted or unsubstituted pyrazole,
substituted or unsubstituted 1,2,3-triazole, substituted or vnsubstituted 1,2,4-
triazole, substituted or unsubstituted tetrézole, substituted or unsubstituted
thiomorpholine, substimited or unsubstituied homopiperazine, substituted or
unsubstitnted oxazolidin—2~oné, substitutéd or unsubétituted pyrrolidin-2-one,
substitated or unsubstituted pyridine, substituted or unsubstitited oxazole,
substitated or unsabstituted iéoxazole, substituted or unsubstituted thiazole,
substitnted or unsubstituted isothiazolé, sﬁbstituted or unsubstitited furan, -
substituted or unsubstituted thiophene, substituted or unsubstituted tetrahydroﬁxran,
substituted or unsubstituied tetrahydroﬂliophene, substituted or unsubstituted
benzimidazole, substituted or unsubétituted benzoxazole, or substituied or

unsubstitinted benzothiazole.

In groups including heterocyclyl groups, the heterocyclyl may be
attached in various ways. For example, in the —OCHz(CPb)q(heterocyclyl) group,
the heterocyelyl group may be bonded to a methylene carbon of the ~OCH2(CHz)q
group of the ~OCH;(CHz)o(heterocyclyl) through various ring members. By way of
non-limiting exarnple, where q is 1 and the heterocyelyl group is tetrahydroﬁiraﬂ,-
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the group could be represented by the formula ~OCH2CHo(tetrahydrofuranyl) which

corresponds to the following two struciures:

X N

I I\Y

where structure 111 represents the group that can be referred to as the ~OCH2CHa(2-
5  tetrahydrofurany!) group and structure IV represents the group that can be referred

to as the ~-OCH2CHa(3-tetrahydrofuranyl) group. When the heterocyclyl group is a
N-containing heterocyele, such as, but not limited to pipefidine, piperazine,
moxpholine, or pyrrolidine, the heterocycle can be bonded to the methylene carbon
through a ring carbon atom or through a nitrogen atom in the ring of the N-

10  containing heterocycle. Both of these are preferred. Where the heterocyclyl group
is a piperidine and q is 2 for an -OCH2(CHz)s(heterocyclyl) group, the following

structures are possible and preferred:

,%50\/\/'0 ,HZO\/\/JO

v VI
5 5
VI | VII

Structure V is an example of a ~O(CHz)s(N-piperidinyl} or
15 -O(CHz)x(1-piperidinyl) group. Structure VI is an exarple of a ~O(CHz)s-(2-
' piperidinyl) group. Structure VI is an example of a -O(CHz2)s(3-piperidiny!)
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group. Structure VI is an example of a -O(CHz)s{4-piperidinyl) gronp. Where the
heterocyclyl group is a piperazine and q is 1 for an ~-OCH»(CHz)s(heterocyclyl)

group, the folloﬁfing structures are possible and preferred:

aclage

Structure IX is an exampl'e of a —-O(CH:)2(2-piperazinyl} group, and
structure X is an example of a ~O(CHz)2(1-piperazinyl) or ~O(CHz)2(N-
piperazinyl)group. Where the heterocyclyl group is a morpholine and q is 1 for an
-OCH(CHz)q(heterocyclyl) group, the following structures are possible and
preferred:

bl " A0 N
O T

XII

Strneture X1 is an example of a ~-O(CHz)y(3-morpholinyl) group,
structure XTI is an example of a ~-Q(CHz)2(4-morpholinyl) or —~O(CH2)(N-

morpholinyl) group, and structure XIII is an example of a ~O(CHz)2(2-morpholinyl)

group. It will be observed that where the group is a pysrolidine, and q is 1, the
structures available include ~O(CHz)(1-pyrrolidinyl) or ~O(CHz)2(N-pyrrolidinyl),
-O(CH)x(2-pyrrolidinyl), and ~Q(CHa)(3-pyrrolidinyl).
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Yet other preferred compounds of the first, secord, third, and fourth
groups include those where at least one of R®, RS, R7, and R® is a substituted or
unsubstituted heterocyclyl group, more specifically a substituted or unsubstituted
heterocyclyl group comprising at least.one O or N atom, still more particularly a
substituted or unsubstituted heterocyclyl group selected from morpheline,
piperazine, piperidine, 1,2,3-triazole, 1,2,4-triazole, tetrazole, pyrrolidine,
pyrazole, pyrrole, thiomorpholine, thiomorpholine in which the S atom of the .
thiomorpholine group is bonded to one or more O atoms, homopiperazine, |
benzimidazole, oxazolidin-2-one, pyrrolidil_l-z-one, imidazole, isoxaiole, oxazole,
isothiazole, thiazole, thidphene, furan,‘ pyran, tetrahydrothiophene, ietrahydrofuran,

tetrahydropyran, or pyridine.

Other preferred compounds of the first, second, third, and fourth
groubs include those in which at least one of R” or R? is selected from substituted .
or unsubstituted aminoalky! groups, substituted or unsubstitited atkylaminoalky}
groups, subsiltuted or unsubstituted arylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalky} groups, substituted or unsubstituied
diarylaminoalkyl groups, {(alkyl)(aryl)aminoalkyl groups, or substituted or
unsubstituted heterocyclylalkyl groups, including: -CHz(CHz)NHz groups,
~CH2(CHz),NH(alkyl) groups, ~-CHCH2),NH(ary)) groups, -CHa(CHz);N{alkyl)
groups, ~-CH2(CHz)pN(aryl)2 groups, -CH2{CHz)pN{alkyl)(aryl) groups, or
-CHz(CHz)p(heterocyclyl) groups, wherein p is an Integer ranging from 0 to 4 and

the heterocyclyl group of the -CHx(CHz)p(heterocycelyl) group is a N-containing
heterocycle selected from substituted or unsubstituted morpholine, substituted or
unsubstituted pyrrolidine, substituted or unsubstituted piperazine, substituied or
unsubstituted piperidine, substituted or unsubstituted pyzrole, substituted or
unsubstinited imidazole, substituted or unsubstituted pyrazole, substituted or
uasubstituted 1,2,3-triazole, substituted or unsubstituted 1,2,4-triazole, substitted
or unsubstituted tetrazole, substituted or unsubstituted thiomorpholine, substituted - |
or unsubstituted homopiperazine, substituted or unsubstituted oxazolidin-2-oge,

substituted or unsubstituted pyrrolidin-2-one, substituted or unsubstituted pyridine,

* substituted or unsubstituted oxazole, substituted or unsubstituted isoxazole,
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substituted or unsubstitnted thiazole, substituted or unsubstituted iscthiazole,
substituted or unsubstituted benzimidazole, substituted or unsubstituted .

benzoxazole, or substituted or unsubstitnted benzothiazole,

Still further preferred compounds according to the first, second,
third, and fourth groups include those in which R? is selected from substituted or
unsubstituted aryl groups, substituted or unsubstituted alkyl groups, -NHz,
-NH(atkyl) groups, -N(alkyl): groups, -NH(aryl) groups, -N(aryl). groups,
-N{alkyl)(aryl) groups, -NH(heterocyclyl) groups, -N(heterocyclyl){alkyl) groups,
-N¢heterocyclyl)(aryl) groups, —N(heterocyclyl)z groups, or N-containing -
heterocycles. In such compounds, the N-containing heterocycles are bonded to the
carbonyl carbon of the —~C(=0)-R* group through either 2 nitrogen atom or a
carbon atom in the rings of the N-containing heterocycles. In more preferred such
compounds that are provided, the N-containing heterocycle of the R¥ group is
selected from substituted or unsubstinated morpholine, substitnted or unsubstituted
pyrrolidine, substituted or unsubstitted piperazine, subsiituted or unsubstituted
piperidine, substituted or unsubstituted pyrrole, substituted or unsubstitted
imidazole, substituted or unsubstituted pyrazole, substituted or unsubstituted 1,2,3-
triazole, substituted or unsubstituted 1,2,4-triazole, substituted or unsubstituted
tetrazole, substituted.or unsubstituted thiomorpholine, substituted or unsubstituted
homopiperazine, substitted or unsubstituted oxazolidin-2-one, substituted or
unsubstituted pyrrolidin-2-one, substituted or unsubstituted pyridine, substituted or
unsubstituted oxazole, substituted or wnsubstituted isoxazole, substituted or

unsubstituted thiazole, substituted or unsubstituted isothiazole, substituted ox

‘unsubstitated benzimidazole, substit_uted or unsubstituted benzoxazole, or

substituted or unsubstituted benzothiazole.

Preferred compounds according to the first, third, and fourth groups

of compounds are also those where R® is H.

Preferred compounds of the fourth group of compounds include those
where R! is an —OR” group and R* s selected from substituted or unsubstituted
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heterocyclylalkyl groups, substituted or unsubstituted dialkylaminoalky! groups,
substituted or unsubstituted atkylaminoalkyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups, substituted
or unsubstitited arylaminoalky). groups, substituted or unsubstituted
(alkyl)(aryl)aminoalkyl groups, substituted or unsubstituted heterocyclyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups, substiizied or
unsubstituted diheterocyclylaminoalkyl groups, substituted or unsubstituted
(beterocyclyl)(alkyl)aminoalkyl groups, or substitated or unsubstitated
(heterocyclyl}aryhaminoalkyl groups.

&

Other particularly preferred inhibitors of VEGF-RTK are compounds
having the structure II, tantomers of the compounds, pharmaceutically acceptable
salts of the compounds, and pharmaceutically acceptable salts of the tautomers.

Structure H has the following formula:

RS ﬁ

?’

/R
\

Y
K2
\

N -

l

RS

II

In compounds having structure If, Y is selected from H, -OH, -OR"

. groups, -SH, -SR" groups, -NR”R* groups, -CN, -C(=0)-R" groups, substituted

or unsubstituted alkyl groups, substituted or unsubstitted alkenyl groups,
substituted or unsubstituted alkynyl groups, substituted or unsubstituted araikyl
groups, substituted or unsubstituted heterocyciylalkyl groups, substituted or
unsubstituted alkylaminoalky! groups, substituteﬁ or unsubstituted dialkylarninoaliyl
groups, substituted or unsubstituted arylaminoaikyl groups, substituted or
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unsubstituted diarylaminoalkyl groups, substituted or unsubstituted
(alkyl)aryl)aminoalkyl groups, substituted or unsubstituted heterocyclylaminoalkyl
groups, substituted or unsubstituted heterocycly! groups, sﬁbstituted or unsubstitated
aryl groups, substituted or vnsubstitted hydroxyalkyl groups, substituted or
unsubstiteted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl groups,
or substitnted or unsubstituted heterocyclyloxyalkyl groups.

I preferred comnaunds of structure I, Y is selected from H, -OH,
-OR? groups, or -NR''R2 grouys. More preferably, Y is a -NR'R" group. Still
more preferably, Y is a ~-NRVR"™ group and both R" and R* are hydrogen. In
other preferred compounds having the structure II, Y is selected from —N{CHa)z,

- -NH{(CHs), -NH(CH2CH3), -N(CH2CH3)z, -NH({aryl) groups, -N(aryl)2 groups,

-NHNHz, -NHN(CH3)z, -N(CH3)NH(CHs), -NH(CH2)»NH2 groups,
-NH(CHz)mINH (alkyl) groups, -NH(CH2)nN(alkyl): groups, -N(alkyi}{(CHz)mNH2
groups, ~-N{alkyl)(CHz)mNH{atkyl) groups, -N(alkyl}(CHz)=N(alkyl)2 groups,
-NH(CH2)n(heterocyclyl) groups, -N(alkyh)[{CHz)n(heterocyelyl)] groups,
-NH(CH2)»OH groups, -NH(CH2)«OCHa groups, -NHCH2CH(NH2)CH{CHs),
-NH{(2-aminocyclohexyl), ~NH({cyclohexyl), -NHOCHs, -NH(N-morpholinyl},
-NH(quinuclidy), especially -NH(quinnclid-3-yl), and groups where R" and R*
join to form a substituted or umsubstituted saturated 5 or 6 membered N-contaiming
ring, wherem is 2, 3, or4 and nis 0, 1, 2, or 3. Still more preferred compounds
of this type are those in which Y is selected from -NH(5-benzimidazolyl),
-NH(CHz)2N{CHs}2, -NH(CH2)-0H, -NH{(CH-=){(4-imidazolyl), -NH(CHz)(3-
imidazolyl), -NH(CH2)(4-pyridyl), -NH(CH:)}(2-pyridyl), -NH(CHz2)(3-pyridyl),
-NH(CH:)(2-tetrahydrofuranyl), -NH(CHz)(4-piperidinyl), -NH(CHz)(3-
piperidinyl), ~-NH(CH2)[2-(N-methyl-pyrrolidinyl)}, -NH(CHz2)2(2-pyrrolidinyf),
-NH(CH2)[2-(N-methylpyrrolidinyl)], -NH(CHz2)(2-pyrrolidinyl), -NH(3-
piperidinyl), or -NH(3-pyrrolidinyl).

In compounds of structure 11, X, X2, X°, and X* are selected from C
or N and at least one of X', X3, X°, and X*is N. In some preferzed compourds of
structure IT, X' is N, R’ is absent or H, and X2, X°, and X* are all C. In other
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preferred compounds of structure II, X? is N, R® is absent or H, and X’, X°, and x4
are C. In other preferred compounds of structure II, X* is N, R’ is absent or H,
and X!, X2, and X* are all C. In still other preferred compounds of struchire 1, X*
is N, R® is absent or H, and X', X?, and X? are all C. )

In compounds of structure I, R, R?, R?, RY, R, R®, R, and R® may
be the same or different and are independently selected from H, CI, Br, F, I, -NOz,
-CN, -OH, -OR¥ groups, -NR'R" groups, -C(=0)R'® groups, -SH, -SR* groups,
-$(=0)R® groups, S(=0):R™ vgroups, substituted or unsubstituted amidiny] groups,

substituted or unsubstituted guanidinyl groups, substituted or unsubstituted primary,

secondéiy, or tertiary alkyl groups, substituted or unsubstituted aryl groups,
substituted or unsubstituted alkenyl gfoups, substituted or unsubstituted alkynyl
gfoups, substituted or upsubstituted heterocyclyl groups, substitated or unsubstituted
alkylaminoalkyl groups, substituted or unsubstitated dialkylaminoalky! groups,
substituted or nnsubstimted arylaminoalkyl groﬁps, substituted or unsubstituted
diarylaminoalkyl groupé, substituted or unsubstitoted (alkyi){aryl)aminoalkyl
groups, substituted or unsubstituted heterocyclylalkyl groups, substimted or
unsubstimtedwamjnoalkyl groups, substifuted or unsubstituted
heterocyclylaminoalkyl groups, substituted or unsubstimted hydroxyalkyl groups,
substitnted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
aryioxyaiky] groups, or _éqbstituted or unsubstituted heterocyclyloxyalkyl groups. In
compounds of structure I, R® is absent or is H if X' is N, R® is absent or is H if X2
is N, R’ is absent or is H if X® is N, and R® is absent or is H if X*is N.

Some preferred compounds have the structure I where at least one of
R!, R%, R®, R, R%, RS, R7, or R® is a substituted or unsubstituted heterocycly}
group, and, in more particular embodiments, a substituted or unsubstituted
heterocyclyl group selected from morpholine, piperazine, piperidine, 1,2,3-triazole,
1,2,4-triazole, tetrazole, pyrrolidine, pyrazole, pyrrole, thiomqrpholine,
homopiperazine, benzimidazole, oxazolidin-2-one, pyrro]idin-i;one, imidazole,
isoxazole, oxazole, isothiazole, thiazole, thiophene, furan, pyran, '

tetrahydrothiophene, tetrahydroferan, tetrahydropyran, and pyri&ine.
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Still other preferred compounds having structure 11 are those in
which R', R?, R?, and R* are H. Insome preferred embodiments, R’ is selected
from H, substituated or unsubstituted alkoxy groups, substituted or unsubstituted
heterocyclylatkoxy groups, substiuted or unsubstituted heterocyclyloxy groups,
substituted or unsubstituted heterocyclyl groups, substituted or unsubstituted alkyl-,
heterocyclyl-, or aryl-aminoalkyl groups, substituted or unsubstituted
dialkylaminoalkyl groups, substituted or unsubstitated diarylaminoalkyl groups,
substituted or unsubstituted (a]kyl)(aryl)anﬁnoa]kyl groups, substituced or
unsubstituted alkyl- or aryl-aminoalkoxy groups, substiinted oy unsubstituted
dialkylaminéalkoxy groups, or substituted or upsubstituted diarylminoaﬂkdxy
groups. In other preferred compounds, R' is selected from F, Cl, substituted or
unsubstituted alkoxyv groups, substitufed or unsubstituted heterocyclylalkoxy groups,
substituted or unsubstituted heterocyclyl groups, substituted or unsubstituted alkyl-,
heterocyclyl-, or aryl-aminoalkyl groups, substimted or unsubstituted
dialkylaminoalky) groups, substituted or vnsubstituted diarylaminoalky} groups,
substituted or unsubstituted (alkyl)(aryDyaminoaiky! groups, substituted or
unsubstituted alkylaminoalkoxy groups, substituted or unsubstituted
arylaminoalkoxy groups, substituted or unsubstituted dialkylaminoalkoxy groups,
substituted or unsubstimted diarylaminoatkoxy groups, or substituted or
unsubstituted (alky{aryl)aminoalkoxy groups. Particular examples include:
~OCHs, ~OCH:CHx(N-morpholinyl), -N-morpholinyl, -N-cis-dimethylmorpholiny},
-N-{4-alkyl)piperazinyl, -OCH2CH2N(alkyl) groups, -OCH2CH:NH(alky}) groups,
-QOCH2CH2NH2, ~OCHCH2NH(aryl) grdups, ~OCH2CH:N(aryl)z groups, alkoxy
groups, -OCH2CH2N(alkyl)(aryl) gronps, ~-O(4-piperidinyl), -O[4-(1-
alkyl)piperidinyl} groups, -Of3-(1-alkyl)piperidinyl] groups, -O[3-quinuclidinyl],
-OCH2(2-pyridyl), -OCH2(4-pyridyl}, -O(3-pyrrolidinyl), -O3~(1-
alkyl)pyrrolidiny}}, or other —O(heterocyclyl) groups not listed in this paragraph.

In other compoﬁnds having the structure II, R? is sejected from F,
Cl, -NOz, -OCH3, ~-N-morpholinyl, »N-cis-dia_lkjlmorpholinyl, -N-(4-
alkyl)piperazinyl, or -GCﬁz(prridyl). In yet other compounds having the
structure II, R? is selected from H, F, Cl, -NOz, substituted or unsubstituted
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heterocyclylalkoxy groups, or substituted or unsubstituted heterocyclyl groups. Yet
other preferred compounds having the structure I include those where R* is selected
from F, Cl, -NOz2, substituted or unsubstituted alkoxy groups, substituted or
unsubstituted heterocyclylatkoxy groups, substitated or unsubstituted heterocyciyl
groﬁps, substituted or unsubstituted alkyl-, heterocyeyl-, and aryl-aminoalkyl
groups, substituted or unsubstituted dialkyl- and diaryl-aminoalkyl groups,
substituted or unsubstituted alkylarylaminbélkyl groﬁps,'substimted or unsubstituted
alkyl- and aryl-aminoalkoxy groups, substituted or unsubstituted dia]kyl— and diaryl-

aminoalkoxy groups, or substinrted or unsubstituted aikylarylaminoallcoxy £roups.

In some preferred compounds having structure II, at least two of X,
X?, X3, and X* are C and the corresponding substituents R°, R, R, and R® are
hydrogen, and at least-one of X', X, X, and X* is N. In yet other preferred
compounds having structare II, three of R®, RS, R7, and R® are hydrogen and one of
X', X2, X3, apd X* is N. In still other more preferred compounds of stracture I,
RS, R7; or both R and R? are alkyl groups such as those havmg from one to four
carbon atoms. In yet other preferred compounds of structure H R® or R’ is ao -
OR* group and R™ is an alkyl, aryl, hetcrocyclyl, or heterocyclylalkyl group. Ju
still furthler compoutids of structure I, RS or R7 is a -OCHxCHz)s(beterocyclyl)
groupand qis 0, 1,2,3, or 4. In wore preférred com;'jounds in which R® or R” is

-OCHz(CHz)q—(heterocyclyl) group, the heterocyclyl group of the

~OCHCH2)o(heterocyclyl) group is a heterocycle selected from substltuted or
unsubstituted morpholine, substituted or unsubstitited p;perazme subsntuted or
unsubstituted piperidine, substituted or unsubstituted pyrrolidine, substituted or
unisubstituted pyrrole, substituted or unsubstituted imidazole, substituted or
unsubstituted pyrazole, substituted or unsubstituted 1,2,3-triazole, substituted or
unsubétituted 1,2,4-triazole, substituted or unéubst_ituted tetrazote, substituted or
unsubstituted thiomorpholine, substituted or unsubstituted thiomorpholine in which
the S atom of the thiomorpholine group is bonded to one or more O atoms,
substituted or unsubstituted homopiperazine, substituted or unsubstituted oxazolidin-
2-one, substituted or unsubstimted pyrrolidin-2-one, substituted or unsubstituted

pyridine, substituted or unsubstituted oxazole, substituted or unsubstituted
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1soxazole, subst:ltuted or unsubstituted ihiazole, substituted or unsubstituted
1sothiazole, substifuted or unsubstituied furan, substituted or unsubstituted
thiophene, substituted or unsubstituted tetrahydrofuran, substituted or unsubstituted
tetrahydrothiophene, substituted or unsubstituted benzimidazole, substituted or

unsubstituted benzoxazole, or substituted or unsubstituted benzothiazole.,

In compounds of structure 11, R? is selected from H, -OH, substinuted
or unsubstitited alkoxy groups, substituted or unsubstituted aryloxy groups, -NHz,
substituted or unsubstituted alkylamino groups, substituted or unsubstituted
arylamino groups, substituted or unsubstituted diallwlamino groups, substituted or
unsubstituted diarylamino groups, substituted or unsubstituted (alkyl)(aryl)amino
groups, substimted or unsubstituted alkyl groups, substituted or unsubstituted aryl
groups, -C(=0), -C(=0)-alkyl groups, or —C(=0)-aryl groups. One group of
particutarly preferred compounds of structure II are those in which R9 is hydrogen.

In compounds of structure II, R is selected from substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl groups, substituted or
unsubstituted heterocjclyl groups, substitited or unsubstituted heterocyclylalkyl
groups, -C(=0)H, -C(=0)-2lkyl groups, ~C(=0)-aryl groups, -C(=0)O-atkyl
groups, -C(=0)0-ary] groups, -C{(=0)NHz, -C(=0)NH(alkyl) groups,
~C(=0)NH (aryl) groups, -C(=0)N(alkyl}z groups, -C(=0)N(aryl): groups,
~C(=O)N(alkyi)(aryl) groups, -NHz, -NH(alkyl) groups, -NH({aryl)} groups,
-N(alkyi)z groupé, -N{alky})(aryl) groups, -N(aryl): groups,
-C(=0)NHheterocyclyl) groups, -C(==0)N(heterocyclyl): groups, _
‘C(=O)N(ajky1)(hctemcyclyi) groups, or -C(=0O)N(aryl)(heterocyclyl) groups;

In compounds of structure i, R and R" may be the same or
different and are independently selected from substituted or upsubstituted alkyl
groups, or substitited or unsubstituted aryl groups whereas R¥ is selected from H,
substituted or unsubstituted alkyl groups, substituted or unsubstituted aryl groups,

or substituted or unsubstituted heterocyclyl groups.
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In compounds of structure 11, R” is selected from H, substituted or
unsubstituted alkyl groups, substituted ox unsﬁbstimted aryl groups, substifuted or
upsubstituted heterocyclyl groups, -OH,_alkoxy groups, aryloxy groups, -NHz,
substituted or unsubstim;ed heterocyclylalkyl groups,; substituted or unsubstituted
aminoalkyl groups, substituted or uusﬁbstitdted alkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyi groups, substituted or unsubstiuted
arylaminoalkyl grouﬁs, substitdted or unsubstituted diarylaminoalkyl groups,
substituted or unsubstitnted (alkyl)(aryl)aminoakal groups, substituted or
unsubstituted alkylamino groups, substituted or m;g_ubsti_tuted arylamino groups,
substimted or unsubstituted dialkylamino groups, substituted or unsubstituted
diarylamino groups, subéﬁmted or unsubstituted (alkyl(aryl)amino groups,
-C(=0)H, -C(=0)-alky groups, -C(=0)-aryl groups, -C(=0)O-alkyl groups,
-C{=0)O-aryl grou;ﬁs, -C{(=0)NHz, -C(=0)NH(aikyl) groups, -C(=0)NH(aryl)
groups, ~C(=0)Nalkyl» groups, -C(=0)N(aryl)z groups, -C(=0)N(alkyl)aryl)
groups, -C{ =O)—heterﬁcyclyl groﬁps, —C(=0)-0-ﬁeterocyclyl groups,
-C{=0O)NH (heterocyclyl) groaps, -C(=0)-N(heterocyclyl): groups,
-C(=0)N(alkyhheterocyclyl) groups, -C(=0)-Naryl)(heterocyclyl) groups,
substituted or unsubstituted heterocyclylamxnoalkyl groups, substituted or
unsubstituted hydroxyalkyl groups, substituted or unsubstituted alkoxyalkyl groups,
substituted or unsubstituted aryloxyalkyl groups, or substituted or unsubstituted
heterocyclyloxyatkyl groups. R' and R' may join together to form 2 5 to 7

membered saturated or unsaturated, substituted or unsubstituted N-containing ring.

In compounds of stmcture II, R™ is selected from H, -OH, alkoxy
groups, aryloxy groups, -NHz, -NH(alkyl) groups, -NH(aryl) groups, -N(alkyl).
groups, -N(aryl): groups, «N(alkyl)(aryl) groups, substituted or unsubstituted alkyl
groups, substituted or vnsubstitited aryl groups, -NH(heterocyclyl) groups,
-N(heterocyclyl): groups, -N{atkylj(heterocyclyl) groups, or -N(aryD(heterocyelyl)

groups.

In compounds of structure I, R is selected from substituted or
unsubstituted alky! groups, substituted or vnsubstituted aryl groups, ‘substituted or
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unsubstituted heterocyclyl groups, substituted or unsubstinted heterocyclylalkyl
groups, -C(=0)H, -C(=0)-alkyl groups, ~C(=0)-aryl groups, -C(=0)NHz,
-C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(atkyl): groups,
-C(=0)N(aryl)2 groups, ~C(=0)N(alkyl)(aryl) groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted élkylaminoalkyl groups, substituted
or unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups,
substituted or unsubstituted (atkyl)(aryl)aminoalkyl groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted
dibeterocyclylaminoalkyl groups, substitated or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl groups, substituted br uusubstimted
(heterocyclyl}{aryl)aminoalky! groups, substituted or unsubstituted alkoxyalkyi
groups, substituted or unsubstituted aryloxyalkyl groups, substituted or
unsubstitated hydroxyalkyl groups, or subsﬁmted. or unsubstituted

heterocyclyloxyalkyl groups. -

In compounds of structure II, R' is selected from H, substituted or
upsubstituted alkyl groups, substimted or unsubstinried aryl groups, or substituted
or unsubstituted heterocyclyl groups whereas R js selected from H, substituted or
unsubstituted alkyl groups, substituted or unsubstituted aryl groups, substinxted or
unsubstitnted heterocyclyl groups, -C{(=0)H, -C{(=0)-alkyl groups, ~C{=0}-aryl
groups, -C{(=0)NHz, -C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups,
-C(=0)N(alkyl)2 groups, -C(=0)N(aryl. groups, -C(=0)}N(alkyl}{aryl) groups,
-C{(=0)0-alkyt groups, -C(=0)O-aryl groups, substitnted or unsubstituted
aminoafkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted |
or unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted
arylaminoalky! groups, substituted or unsubstimt‘ed diarylaminoalkyl groups,
substituted or unsubstituted (aryl)(alkyl)aminoalky? groups, substitated or
unsubstituted heterocyclylalkyl groups, -C(=0)-heterocyclyl groups,
-C(=0)-Oheterocyclyl groups, -C(=C0)NH (heterocyelyl) groups,
~C(=O)N(heterocyclyl)z groups, ~C(=0)-N{alkyl)(heterocyclyl) groups,
-C{=0O)N{aryh(beterocyclyl) groups, substituted or vnsubstituted
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heterocyclylaminoalkyl groups, substituted or unsubstituted hydroxyalkyl groups,
substitated or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
arylo@a.ﬂcyl groups, substituted or unsubstituted heterocyclyloxyalkyl groups, -OH,
substituted or nnsubstituted alkoxy groups, substituted or unsubstituted aryloxy
groups, or ~NHz groups. R' and R" may join together to form a 5 to 7 membered

saturated or wnsaturated, substituted or unsubstituted N-containing ring.

Finally, in compounds of structure II, R*, R®, and R* may be the
same or different and are independently selected from H, -NHz, -NH(alkyl) groups,
-NHi(aryl) groups, -N(alkyl): groups, -N{(aryl)z groups, -N(alkyl)(aryl) groups,
substituted or unsubstituted aikyl groups, substituted or vnsubstituted atyl groups, -
-OH, substituted or unsubstituted alkoxy groups, substitrted or unsubstituted
aryloxy groups, substiﬁted or unsubstituted heterocyclyl groups, -NHOH,
-N(alkylYOH groups, -N(aryl)OH groups, -N{alkyO-alkyl groups, -N{aryD)O-alky}
groups, -N{alkyl)O-ary! groups, or -N(aryl}O-aryl groups.

Compounds having the struchire - may inclnde those in which R is
selected from substituted or unsubstituted alky!l groups, substituted or unsubstituted
aryl groups, -NHo, -N'H(a]kyl) groups, -N{alkyl): groups, -NH(aryl) groups,
-N{aryl)2 groups, -N(alkyl){aryl) groups, -NH(heterocyclyl) groups,
-N(heterocyclyl)(alkyl) groups, -N(heterocyclyl){aryl) groups, -N(heterocyclyl)
groups, or N-containing heterocycles, and the N-containing heterocycles afe pomied
to the carbonyl carbon of the —C( =0)-R"® group tﬁroﬁgh cither a nitrogen atom or a
carbon afom in the rings of the N-containing hcterocjzcles. In still more preferred
compounds in which R'® is a N-containing heterocycle, the N-containing heterocycle
of the R™ group is selected from substinted or unsubstitﬁted morpholine,
substituted or unsubstituted pyrrolidine, substituted or unsubstituted piperazine,
substituted or ﬁnsubstituted piperidine, substihited 6r unsubstituted pym;]_e,
substituted or unsubstituted imidazole, substituted or ﬁnsubstituted pyrazole,
substituted or unsubstituted 1,2,3-triazole, substituted or unsu!:;stimted 1,2,4-
triazole, substituted or unsubstituted tetrazole, substituted or unsubstituted’

thiomorpholine, substituted or unsubstituted homopiperazine, substituted or
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unsubstituted oxazolidin-2-one, substituted or vasubstituted pyrrolidin-2-one,
substituted or unsubstituted pyridine, substituted or unsubstituted oxazole,
substituted or unsubstititted isoxazole, substituted or unsubstituted thiazole,
substituted or unsubstituted isothiazole, substituted or unsubstituted benzimidazole,
substituted or unsubstituted benzoxazole, or substituted or unsubstituted

benzothiazole.

Other preferred c~~pounds having structure II are provided in which
R" or R" is selected from substirated or unsubstituted aminoalky! groups,

substituted or unsubstituted alkylaminoalkyl groups, substituted or unsubstituted

. arylaminoalky! groups, substituted or unsubstituted dialicylaminoalkyl groups,

substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstinited
(alkyb){aryl)aminoalkyl groups, or substituted or unsubstituted
heterocyclylaminoalkyl groups including: —CH2(CHz);NH2 groups,
-CHz(CH2)pNH{alkyl) groups, -CHa{CID)NH(aryl) groups, -CHa(CH2)N{alkyl)z
groups, ~CH2(CHz),N(aryl)2 groups, ~-CHa(CHz):N(alkyl}aryl) groups, o
-CHz(CHz)pmeterocyciyi) groups, where p is an integer ranging from 0 to 4 and the
heterocyclyl group of the -CHxCHz)p(heterocyclyl} group is a N-containing
heterocycle selected from substituted or unsubstituted morpholine, substituted or
unsubstituted pyrrolidine, substituted or nnsubstitated piperazine, substinuted or
unsubstituted piperidine. substitited or nnsub.stituted pyrrole, substitated or
unsubstinrted 'Lmidazole, substituted or unsubstituted pyrazole, substituted or
unsubstituted 1,2,3-triazole, substituted or unsubstituted 1,2,4-triazole, substituted
or unsubstituted tetrazole, substituted or unsubstituted thiomorpholine, substituted
or unsubstituted homopiperazine, substituted or unsubstituted oxazolidin-2-one,
substituted or unsubstituted pyrrolidin-2-one, substituted or wnsubstituted pyridine,
substituted or unsubstituted oxazole, substituted or unsubstituted isoxazole,
substituted or unsubstituted thiazole, substituted or unsubstitited isothiazole,
substitrted or unsubstituted benzimidazole, substituted or upsubstituted

benzoxazole, or substituted or ynsubstituted benzothiazole.
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Compounds of structure I are readily synthesized from simple
starting molecules as shown in the following Examples. Compounds of structure I

may generally be prepared nsing benzene substituted with nitrile or carboxylic acid

-~ groups in addition to other optional groups.

Compounds of structure I may be synthesized from simple starting
molecules as shown in Schemes 1-4 and exemplified in the Examples. As shown in
Scheme 1, compounds of structure [ may generally be prepared using aromatic

compounds substituted with amines and carboxylic acid groups.

Scheme 1.
R
R \ay, - COH
Ry~ CO2H o 0 ] P
| P + CIMOMe - T NH
NH; CO,Me

heat -

As shown ™ Scheme 1, a substituted aromatic compound such as a
substituted or unsubstituted Z-aminobenzoic acid may be reacted with an acyl halide
such as methyl 2-(chlorocarbonyl)acetate to produce an amide that will react with a
substituted or upsubstinited 1,2-dtaminobenzene. The resulting product is a 4-
hydroxy-substituted compound of structure I. One skilled in the art will recognize
that the procedure set forth in Scheme 1 may be modified to produce various

conapounds.

A method for preparing 4-amino substituted cornpounds of structure !
is shown in Scheme 2. As shown in Scheme 2, aromatic compounds substituted
with amine and pitrile groups may be used to synthesize 4-amino substimted

compounds of structure I. A compound such as ethyl 2-cyanoacetate may be
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reacted with ethanol to produce etbyl 3-ethoxy-3-iminopropanoate hydrochloride.
Subsequent reaction wiih a substituted or unsubstituted 1,2-phenylenediamine
provides substituted or unsubstituted ethyl 2-benzimidazol-2-ylacetate. Reaction of
a substituted or unsubstitted ethyl 2-benzimidazol-2-ylacetate with an aromatic
compound having an amine and aitrile group such as substituted or unsubstituted 2-
aminobenzonittile with a base such as lithium bis(trimethylsilyl)amide or a Lewis
acid such as tin tetrachloride provides the substituted or unsubstituted 4-amino

substituted compound of structure L

Scheme 2. HoN D/R‘
|
i/ E{OH O NHeHCl KN N N
B HCl  EO OFt heat EOC N

R\\ CN .
NH, e NHzr\IJ \
LIHMDS \qer
i H
or
F SN0

8nCl, H

Scheme 3 illustrates a general synthetic route that allows for the
synthesis of 4-dialkylamino and 4-alkylanino compounds of structure 1. An
inspection of Scheme 3 shows that 4-hydroxy substituted compounds of structure I

may be converted into the 4-chloro derivative by reaction with phosphorous

' oxychloride or thionyl chloride. The 4-chloro derivative may then be reacted with

an alkylamine or dialkylamine to produce the corresponding 4-alkylamino or 4-
dialkylamino derivative. Deprotection affords the final 4-alkylamino or 4-
dialkylamino compounds of structure J. Other groups that may be reacted with the
4-chloro derivative in this manner include, but are not limited to, ROH, RSH, and

CuCN.
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Scheme 3. HaN M(R'
| p
)OK, E1OH O NH eHO HN N S
CN : _ 2
EtO Mol EO OFt heat B0, NN
R
Ny
L oH
POCIS \ NP RNHz
LIHMDS; heat
{P = protecting SOCIE
group)
, —xR =\ R
NHR"r}l N/ NHR"I}I N/
N Ry N deprotect A
Ny Ry N
P N ©

As shown in Scheme 4, the synthesis of compounds of structure I
having a H, alkyl group, aryl group, or heterocyclyl group in the 4-position may be
accomplished using a substituted or unsubstituted 2-benzimidazol-2-ylacetate

prepared as shown in Schemes 2 and 3.

Scheme 4. F}@COR“ ,G“R'
\ /
N RN o NH2 N

4 I /__R!
Ei0.L ” piperidine
HOAc
R" = H, alkyt

aryl, heterocycly!
Heteroaromatic diamines may be used as precursors of compounds of

structure II. The synthesis of compounds of structure Il where Y= NH: is depicted

in Scheme 5.
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A compound such ag ethyl cyanoacetate may be condensed with a
substituted or unsubstituted heterocycle contatning two ortho amino groups such as
substituted or unsubstituted 1,2-diaminopyridine to obtain a substituted or
unsubstituted 2-imidazolo]5,4-blpyridin-2-ylethanenitrile, which may subsequently
be hydrolyzed in acidic medinm to provide a substituted or unsubstituted ethyl 2-
imidazolo[5,4-b]pyridin-2-ylacetate. As an alternate route, a substituted or
unsubstifuted ethyl 2-imidazolo[5,4-b]pyridin-2-ylacetate may be obtained from a
compound such as the hydrochlbride salt of 3-ethoxy-3-iminopropanoate and a
substitited or unsubtituted 1,2-diaminopyridine. Reaction of a substirated or
unsubstituted ethyl 2-imidazolo[5,4-b]pyridin-2-ylacetates with an aromatic
compound having an amine and nitrile group such as substituted or unsubstituted 2-
aminobenzonitrile with a base such as lithium bis(trimethylsilyl)amide provides the

substituted or unsubstituted compound of structure IL.

The instant invention also provides for compositions which may be
prepared by mixing one or more compounds of the instant invention, or
pharmaceutically acceptable salis or tautomers thereof, with pharmaceuticaiiy
acceptable carriers, excipients, binders, diluents or the like, to treat or ameliorate a
variety of disorders related to the activity of VEGF-RTK, more particularly
angiogenesis associated with cancer. A therapeutically effective dose further refers

to that amount of one or more compounds of the instant invention sufficient to result
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in amelioration of symptoxs of the disorder. The pharmaceutical compositions of
the instant invention can be manufactured by methods well known in the art'such as

conventional granulating, mixing, dissolving, encapsulating, lyophilizing,

.emulsifying or levigating processes, among others. The compositions can be in the

form of, for example, granules, powders, tablets, capsules, syrup, suppositories,
injections, emuisions, elixirs, suspensions or solutions. The instant compositions
can be formulated for various routes of administration, for example, by oral
administration, by transmucosal administration, by rectal admiuistration, or
subcutaneous administration as well as iﬁtrathecai, infravenous, inframuscular,

intraperitoneal, intranasal, intraocular or intraventricular injection. The compound or

'compounds of the instant invention can also be administered in a local rather than a

systemic fashion, such as injection as a sustained release formulation. The following
dosage forms are given by way of example and should not be construed as limiting the

nstant imvention.

For oral, bucczl, asd sublingual administration, powders, suspensions,
granules, tablets, pills, capsules, gelcaps, and caplets are acceptable as solid dosage
forms. These can be prepared, for exa:npie, by mixing one or more compounds of |
the instant inventioﬁ, or pharmaceutically acceptablé salts or tautomers thereof, with
at Jeast one additive or excipicﬂt such as a starch or other additive. Suitable additives
or excipients are sucrose, lactose, cellnlose sugar, maunitol, maltitol, dextran,
sorbitbl, starch, agar, alginates, chitins, chitosans, pectins, tragacanth gum, gum
arabic, gelatins, collagens, casein, albumin, synthetic or semi-synthetic polymers or
glycerides, methyl celinlose, hydroxypropylmethyl-cellulose, and/or -
polyvinylpyrrolidope . Optionally, oral dosage forms can contain other ingredients to
aid in admuinistration, such as an mactive diluent, or lubricants such as magnestum

stearate, Or preservatives such as paraben or sorbic acid, or anti-oxidants such as

" ascorbic acid, tocopherol or cysteine, a disintegrating agent, binders, thickeners,

buffers, sweeteners, flavoring agenfs or perfuming agents. Additionally, dyestuffs or
pigments may be added for identification. Tablets and pills may be further treated

with suitable coating materials known in the art.
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Liquid dosage forms for oral administration may be in the form of
pharmacentically acceptable emulsions, syrups, elixirs, suspensions, slurries and
solutions, which may contain an ivactive diluent, such as water. Pharmaceutical

formulations may be prepared as liquid suspensions or solutions using a sterile

liquid, such as, but not limited to, an oil, water, an alcohol, and combinations of

these. Pharmaceutically suitable surfactants, suspending agents, emulsifying

agents, may be added for oral or parenteral administration.

As noted above, suspensions may include oils. Such oil include, but
are not limited to, peanut oil, sesame. 'oil, cottonseed oil, cofn oil 'an.d olive ofl.
Suspension preparation may also contain esters of fafty acids such as ethyl oleate,
isopropyl myristate, fatty acid glycerides and acetylated fatty acid glycerides.
Suspenston formuiatioﬁs may mclude alcohols, such as, but not limited to, ethanol,
isopropyl alcohol, hexadecy! alcohol, glycerol and propylene glycol. Ethers, such
as but not limited to, poly{ethyleneglycol), petreleum hydrocarbons such as mineral

oil and petrolatum; and water may also be used in suspension formulations.

For nasal administration, the pharmaceutical formulztions may be a

spray or aerosol containing and appropriate solvents and optionally other

compounds such as, but not Himited to, stabilizers, antinticrobial agents,
antioxidants, pH modifiers, surfactants, bioavailability modifiers and combinations
of these. A propellant for an aeroso] formulation may include compressed air,
nitrogen, carbon dioxide, or a hydrocarbon based low boiling solvent. The
compound or compounds of the instant invention are conveniently delivered in the

form of an aerosol spray presentation from a nebulizer or the like,

Injectable dosage forms geperally include aqueous suspensions or oil
suspensions which may be prepared using a suitable dispersant or wetting agent and
a suspending agent. Injectable forms may be in solution phase or in the form of a
suspension, which is prepared with a solvent or diluent. Acceptable solvents or
vehicles include sterilized water, Ringer's solution, or an isotonic aqueous saline

solution. Alternatively, sterile oils may be employed as solvents or suspending .
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agents. Preferably, the oif or fatty acid is non-volatile, including naiural or

synthetic oils, fatty acids, mono-, di- or tri-glycerides:

For injection, the pharmaceutical formmulation may be a powder
suitable for reconstitution with an appropriate solution as described above.
Examples of these inciude, but are not limited to, freeze dried, rotary dried or spray
dried powders, amorphous powders, granules, precipitates, or particulates. For
injection, the formulations may optionally contain stabilizers, pH modifiers,
surfactanis, bioavaitability modifiers and combinations of these. The compounds
may be formulated for parenteral adrﬁinistraﬁon by injection such és by bolus
injection or continuous infusion. A unit dosage form for injection may be in

ampoules or 1n multi-dose containers.

For rectal administration, the pharmaceﬁtical formmulations may be in
the form of a suppository, an ointment, an enema, a tablet or a cream for release of
compound in the intestines, sigmoid flexure and/or rectum. Rectal suppositories are
prepared by mixing ope or more compounds of the instant invention, or
pharmacentically acceptable salts or tautomers of the compound, with acceptable

vehicles, for example, cocoa butter or pbljethylene g]yco.l, which is present in a solid

‘phase at normal storing temperatures, and present in 2 liquid phase at those

temperatures suitable to release a drug inside the body, such as in the rectum. Oils

may also be employed in the preparation of formulations of the soft gelatin type and

‘suppositories. Water, saline, aqueous dextrose and related sugaf solutions, and

glycerols may be employed in the preparation of suspension formuiations which
may also contain suspending agents such as pectins, carbomers, meihyl cellulose,
hydroxypropyi cellulose or carboxymethyl cellulose, as well as buffers and

preservatives,

Besides those representative dosage forms described above,
pharmaceutically acceptable excipients and carries are generally known to those

skilled in the-art and are thus included in the instant invention. Such excipients and
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carriers are described, for example, in “Remingtons Pharmaceutical Sciences”

Mack Pub. Co., New Jersey {1991), which is incorporated herein by reference.

The formulations of the invention may be designed for io be short-
acting, fast-releasing, long-acting, and sustained-releasing as described below.
Thus, the pharmaceutical formulations may also be formulated for controlied

release or for slow release.

The instant comps .tions may also comprise, for example, micelles
or liposomes, or some other encapsulated form, or may be administered in an
extended release form to provide a prolonged storage and/or delivery effect.
Therefore, the pharmaceutical formulations may be compressed into pellets or
cylinders and implanted intramuscularly or subcutaneousty as depot injections or as
implants such as stents. Such implants may employ known inert materials such as

silicones and biodegradable polymers.

Specific dosages may be adjusted depending on conditions of disease,
the age, body weight, general bealth conditions, sex, and diet of the subject, dose
intervals, administration routes, excretion rate, and combinations of drugs. Any of
the above dosage forms containing effective amounts are well within the bounds of
routine cxperimentati(;n and therefore, well within the scope of the instant

invention.

A therapeutically effective dose may vary depending upon the route

of administration and dosage form. The preferred compound or compounds of the

instant invention is a formulation that exhibits a high therapeutic index. The
therapeutic index is the dose ratio between toxic and therapeutic effects which can
be expressed as the ratio between LDso and EDse. The LDso is the dose lethal to.
50% of the population and the EDso is the dose therapeuticaily effective in 50% of
the population. The LDso and EDso are determined by standard pharmaceutical

procedures in animal cell cultures or experimental animals.
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“Tréating” within the context of the instant invention, means an
alleviation of symptoms associated with a disorder or disease, or halt of further
progression or worsening of those syraptoms, or prevention or prophylaxis of the
disease or disorder. For example, within the context of treating patients in need of an
inhibitor of VEGE-RTK, successful treatment may include a reduction in the
proliferation of capillaries feeding a mmor or diseased tissue, an alleviation of
symptoms related to a cancerous growth or tumor, proliferation of capillaries, or
diseased tissue, a halting in capillary proliferation, or a halting in the progression of a
disease such as cancer or in the growth of cancerous cells. Treatment may also
include adminsstering the pharmaceutical formulations of the present invention in

combipation with other therapies. For example, the compounds and pharmaceutical

formulations of the present invention may be administered before, during, or after

surgical procedure and/or radiation therapy. The compounds of the invention can also
be administered in conjunction with other anti~cancer drugs including those used in

antisense and gene therapy.

A method of treating a patient in need of an inhibitor of vascular
endothelial growth factor receptor tyrosine kinase includes administering an
effective amount of 2 pharmaceutical formulation according to the invention fo a

patient in need thereof.

A method for mhibiting tumor growth in 2 patient includes
administering an effective amount of the corupound or a pharmaceutically

acceptable salt thereof to a patient having a tumor. .

A method for inhibiting the proliferation of capillaries in a patient
includes administering an effective amount of the compound or a pharmaceutically

acceptable salt thereof according to a patient in need.

A method of preparing pharmaceutical formulations includes mixing
any of the above-described compounds with a pharmaceutically acceptable carrier

and waler o1 an aqueous solution.
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The present invention, thus generally described, will be understood
more readily by reference to the foliowing examples, which are provided by way of

iitustration and are not mtended to be limiting of the present invention.

EXAMPLES

The following abbreviations are used in the Examples:

ATP: Adenosine triphosphate

BSA: Bovine Serum Albumin

DMA; N, N-Dimethylacetamide

DMEF: N, N-Dirgethylformamide

dppf: 1,1°(diphenylphosphino)ferrocene

DTT: DIL-Dithiothreitol

EDTA: Ethylene diamine tetraacetic acid

EiOAc: Ethyl acetate

EiOH: Ethano! ' :

HBTU: O-Benzotriazol-1-yl-N,N,N’, N'tetramethyluroninm
hexafluorophosphate

I1Cso vahe: The concentration of an inhibitor that causes a 50 % reduction
in a measured activity.

LiHMDS: Lithium bis(trimethylisilyljamide

MeOH: Methanol

NMP: N-methylpyrrolidone

THEF: Tetrahydrofuran

The compounds were named using Nomenclator (v. 3.0 & v. 5.0)

from Cmeminovation Software, Inc. and ACD/Name v. 4.53.

The various aryl diamine starting materials used to synthesize
benzimidazole acetates may be obtained from commercial sources, prepared by
methods know to one of skill in the art, or prepared by the following general

Methods 1-15.
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Method 1
F NH,

i NO, D,NHQ
F R'RN

2.,4-Difluoronitrobenzene (1.0 eq) was placed in a dry round-
bottomed flask equipped with a dry ice condenser charged with acetone and dry ice.
Ammonia was condensed into the flask and the resulting solution was stirred at
reflux for 7 ﬁours. A yellow precipitate formed within I hour. After 7 hours, the
condenser was removed and the liguid ammoriia was allowed to evaporate over
several hours. The crude product was purified by flash chromatography on silica
gel (85:15 hexanes:ethyl acetate, product at Rr = 0.32, contaminant at Rr = 0.51);
GC/MS m/z 156.1 (M +), R 11.16 minutes.

The resulting 5-fluoro-2-nitropbenylamine (1.0 eq) and an amine (1.1
eq) e.g. N-methy! piperazine, were dissolved in NMP and triethylamine (2.0 eq)
was added. The reaction mixture was heated at 100°C for 3 hours. The solution
was then cooled to Toom temperature and diluted with water. The resulting
precipitate was filtered and dried under vacuum to provide the 2-pitro-diamino
product. Alternatively, the same product may be c;btai.ued from commercially
available 5—chloro—2—njtrophenylamine under identical conditions except heating at -
130°C for 1-2 days. In some examples, the di_s?}acement on either 5-fluoro-2-
nitrophenylamine or 5-chloro-2-nitrophenylamine can be conducted in neat amioe (5

eq) at 100°C or 130 °C, respectively. The product is isolated in an identical

manner. LC/MS m/z 237.1 (MH4), R: 1.304 minutes.

The nitroamine (1.0 eq) and 10% Pd/C (0.1 eq) was suspended in
anhydrous ethanol at room temperattre. The reaction flask was evacnated and
subsequently filled with Hz. The resulting mixture was then stirred under a
hydrogen atmosphere overnight. The resulting solution was filtered through Celite
and concentrated under vacuum to provide the crude product which was used

without further purification.
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NO, - NH,
NH; NH,

F F
F NRR'

A round-bottom flask was charged with 2,3-difluoro-6-

nitrophenylamine (1 eq) and enough NMP to make a viscous shury. An amine (5

eq), ¢.g. N-methyl piperazine, was added and the solution was heated ai 100°C.
After 2 hours, the solution was cooled and poured into water. A bright yellow solid
formed which was filtered and dried. The nitroamine was reduced as in Method 1
te provide the crude product which was used without further purification. LC/MS
miz 225.1 (MH-+), R:0.335 minutes. |

Method 3
NO5 NH,
F F R'RN. . NH»

To a 6.1 M DMF solution of 1,3-diﬂﬁoro—2—njl;robeuzcne was added
EtsN (2 eq) followed by an amine (1 eq), e.g. morpholize. The mixtire was stirred
for 18 hours and then diluted with water and extracted with ethyl acetate. LC/MS
miz 227.2 MHS+), R2.522 minutes. The combined organic layers were dried over
MgS0,, filtered, and concentrated. Am;nonia was condensed into a bomb
containing the crude product. The bomb was sealed and heated to 106°C (over 400
psi). After 72 hom_‘s the bomb was allowed to cool and the ammonia was
evaporated to provide a reddish solid. The nitroamine was reduced as in Method 1
to provide the crude product which was used without further purification. LC/MS
m/z 194.1 (MH+), R:1.199 minutes. '
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Methqd 4
NH, NH,
NO, NHo

F RO

To a stirred NMP solution containing NaH (1.3 eq) was added an
alcohol (1.0 eq), e.g. 2-methyloxyetbanol. The resulting mixture was then stirred
for 30 minutes. A slurry of 5-fluoro-2-nitrophenylamine in NMP was then added
slowly. The mixture was then heated to 100°C. After 2 hours; the reaction
mixture was cooled and water was added. The mixtire was then filtered and the
captured solid was washed with water and purified by silica gel chromatography
(1:1 ethyl acetate:hexane). LC/MS m/z 213.2 (MH +), R:2.24 minutes. The
nitroamine was reduced as in Method 1 to provide the crude product which was

used without further purificatien. LC/MS m/z 183.1 (MI+), R:0.984 mioutes.

Metbod 5
NH, NH,

HO RO

Diisopropyt azodicarboxylate (1.1 eq) was added dropwise to a
stirred solution of 4-amino-3-nitrophenol (1.0 eq), triphenylphosphine (1.1 eq), and
an atcohol, e.g. N-(2-hydroxyethyl)morpholine (1.0 eq), in tetrahydrofuran at 0°C.
The mixture was allowed to warm to room temperature and stirred for 18 hours.
The solvent was evaporated, and the product was purified by silica gel |
chromatography (98:2 CH2Clz:methanol) to yield 4-(2-morpholin-4-ylethoxy)-2-
nitrophenylamine as a dark reddish-brown oil. LC/MS m/z 268.0 (MH+), R:1.01
mioutes. The nitroamine was reduced as in Method 1 to give the crude product
which was used without further 'puriﬁcation. LC/MS m/z 238.3 (MH+), R 0.295

minutes.
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NH5
g " ="

OH OB O NRR SRR

To a flask charged with 4-amino-3-nitrophenol (1 eq), K2COs (2 eq),

. and 2-butanone was added an alkyl dibromide, e.g. 1,3-dibromopropane

(1.5 eq). The resulting mixture was then heated at 80°C for 18 hours. After
cooling, the Mre was filtered, concentrated, and diluted with water. The
solution was then extracted with CH2Ch (3 x) and the combined organic layers were
concentrated to give a solid that was then washed with pentane. LCMS my/z 275.1
(MH<+), R-2.74 minutes.

An acetonitrile solution of the bromide prepared above, an amine,
e.g. pyrrolidine (5 eq), Cs2COs (2 eq) and BusNI (0.1 eq) was heated at 70°C for
48 hours. The reaction mixture was cooled, filtered, and concentrated. The
residue was dissolved in CHzClL, washed with water, and concentrared to give the
desired nitroamine, 2-nitro-4-(3-pyrrolidin-1-ylpropoxy)phenylamine. LCMS m/z
266.2 (MH +), R;1.51 minutes. The nitroamine was reduced as in Methiod 1 to

provide the crude product which was used without further purification.

Method 7
. NH, NH,
WA NO AN N2
l |
o NRR™ 7

Toa suépension of 6-chloro-3-nitropyridin-2-amine (1 eq) in
acetonitrilé was added an amine, e.g. morpholine (4 eq). The resulting reaction
mixture was stirred at 70°C for 5 hours. The solvent was evaporated under
reduced pressure, and the residue triturated with ether to provide the desired

compound as a bright yellow. powder. LC/MS m/z 225.0 (MH+), R 1.79 minutes.
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The nitroamine was reduced as in Method 1 to provide the crude product which was

used without further purification.

Methed 8:
NO;  pmF NO2
Aot C;/Oiwﬁz KOs Afwo/@NHz
A phenol (1 eqi;ivalent) and 5-chloro-2-pitro aniline (1 equivalent)
were dissolved in DMF, and solid K2COs (2 equivalents) was added in one portion.
The reaction mixture was heated at 120°C overnight. The reaction mixture was
cooled to room temperamre, most of the DMF was distitled off, and water was
added to the residue to obtain a precipitate. The solid was dried and purified by
chmmatogr-aphy on silicagel (2-10% MeOH/CHz2Cl2) to afford the desiredlproduct.

The nitroamine was reduced as in method 1 to give the crude product that was used

without farther purification.

Method 9

e N 2. R{RoNH N ﬂ
N0 N0
H H

Furthermore, the introduction of substituents on the benzimidazole -
ring need not be limited to the early stages of the synthesis and may arise after
formation of the quinolinone ring. For example, the crude methyl ester shown in
the figure above was dissolved in a 1:1 mixture of EtOH and 30% aqueous KOH
and stirred overnight at 70°C. The reaction mixture was then cooled and acidified -
with IN HCI 1o give a precipitate. The solid was filtered, washed with water and
dried to obtain 2—(4—amino-2~oxo~1,'2-6ihydroqui.nolin~3~y!)—1H—benzimidazole-6-
carboxylic acid 2-(4-amino-2-oxo-3-hydroquinclylbenzimidazole-6-carboxylic acid
as a brown solid. LC/MS m/: 321.1 (MH+), R 2.26 minutes.
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A mixture of 2-(4-amino-2-ox0-1,2-dihydroquinolin-3-yi)-1H-
benzimidazole-6-carboxylic acid (1 eq) the amine (1 eq), EDC (1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 1.2 eq), HOAT {1~
hydroxy-7-azabenzotriazole, 1.2 eq) and triethylamine (2.5 eq) in DMF, was stirred
at 23 °C for 20 h. The reaction mixture was partitioned between water and ethyl
acetate. The combined organic layers were dried (Na2SOs) and concentrated.
‘Water was added and the precipitate thus formed was filtered off and dried to afford -

the desired product.

The various 2-amino benzoic acid starting materials used to
synthesize isatoic anhydrides may be obtained from commercial sources, prepared
by methods knew to one of sKill in the art, or prepared by the following general
Methods 10-11. General isatoic anhydride synthesis methods are described in J.
Med. Chem. 1981, 24 (6), 735 and J. Heterocycl. Chem. 1975, 12(3), 565.

Method 10
—_ T ——
MeO NO, 2.CuCN o No, 120 MeO NO,
1 2 3
10% PA/C /@COZH Bn(Me)sNBry - Br\/G[C%H
——— e —————
NH4OH, 50C  MeD NH, ©aCO;,DCM, MeO NH,
MeOH .
4

Compounds 1-3 were made using similar procedures as found in U.S.
Patent No. 4,287,341. Compound 3 was reduced using standard hydrogenaﬁion
conditions of 10% Pd/C in NH:OH at 50°C over 48 hours. The product was

precipitated by neutralizing with glacial acetic acid, filtering, and washing with

- water and ether. Yields were about 50%. Compound 5 was prepared in a manner

similar to that disclosed in U.S. Patent No. 5,716,993,
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Method 11

1. lodine,
AgrS0y4,

COQM& EtOH -1 COZH
O
ct NHy, 2. NaOH3N ¢y NH,
3. aq. HCI

1. lodine,

AgyS0y, ¥
K/E[coznne EtOh | CO,H
| —
N, 2 NaOHBN NH,

3. ag. HC

1. todine,
AgaS0y4,

CQOzMe EtOH i COsH
—_—
KL, 2 oINS
Todination of aniline containing compounds: Iodination was done by

5  a similar procedure as in J. Med. Chem. 2001, 44, 6, $17-922. The anthranilic

ester in EtOH was added to a mixture of silver snifate (1 equivalent) é.nd Iz (1

equivalent). The reaction was typically done after 3 hours at room tefnperature.

The reaction was filtered through celite and concentrated. The residue was taken up

in EtOAc and washed with aoveous saturated NaHCOs (3x), water (3%), brine (1x),

10 dried (MgS0s), filtered, and concentrated. The crude product (~5 g) was

dissolved in MeOH (60-100 ml), NaOH 6N (25 ml), and water (250 ml). The

reactions were typically done after heating at 70-80°C for 4 hours. The reaction

mixture was extracted with EtOAc (2x), neutralized with aqueous HCI, filtered to

coilect the solids, and the solid products were washed with water. The products

15  were dried in vacue.

In various instances, substitutions on the quinolinone ring may also

be introduced after coupling as shown in the general methods 12-15.
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Method 12
NHR N-Q NHR N@
X\Q\)\IQN Pd, Cut, CO Hozc\@\)\IﬂN
H  — H
H 0 ' ﬁ O
X =1, Br, TiO

Conversion of the C-6 or C-7 halides 1o an acid group was
accomplished using procedures in the following references - Koga, H.; et al., Ter.

5 Let., 1995, 36, 1, 87-90 and Fukuyama, T.; et al., J. Am. Chem. Soc., 1994, 116,

3125-3126.
Method 13
por () .
X@{T” _ Pd, KCN or NaCN NC\@YN
i —_— H
NSO N0
N Gul, THF N
X =1, Br, TiO

Conversion of the C-6 or C-7 halides to a cyano group was
10 accomplished using procedures in the following reference - Anderson, B.A_; et al.,

J.-Org. Chem., 1998, 63, 8224-828.

Method 14

NHR N
y ,'Q Pd(dppf)Clsz!gCH;_ NHR N'@
SN0 \/\:>—
H .

Y =B{D
X =1, Br, T0 {OR), or Sn{nBu)s

Conversion of the C-6 or C-7 halides to an aryl group was

15  accomplished using standard Suzuki or Stille procedures such as described below.
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_ Suzuki Method: To a 1 dram (4 mi} vial was added sequentially the
quinolone (1 equivalent), boronic acid (1.2~1.5 equivalents), Pd(dppf)Cl, CL.CHz
(0.2 equivalents), DMF (0.5 - 1 ml) and TEA (4 equivalents). The reaction was
flushed with argon, capped and heated at 85°C for 12 hours. Once done, the
reaction is cooled 1o room temperature, and filtered with a syringe filter disk. The
clear solution is ther neutratized with TFA (a couple of drops) and injected directly

onto a preparative HPLC. The products are lyophilized to dryness.

Stille Method: To a 1 dram (4 ml) vial was added sequentially the
quinolone (1 equivalent), tin reagent (1.8 equivaient), Pd(dppf}Clz . CLCHz (0.2

- equivalents), and DMF (0.5 - 1 ml). The reaction was flushed with argon, capped

and heated at 60-85°C for 4 hours. Once done, the reaction is cooled to room
temperature, and filtered with a syringe filter disk. The clear solution is then
neutralized wirj:a TFA (a couple of drops) and injected directly onto a preparative
HPLC. The products are lyophilized to dryness. |

Method 15

NHR N@ R-YH _ NHR N@
" Yo e L
I -

~ N N
| H NMP . - H
X N O Q095 G Y N :
H | H
18 h R
X X=F, (|
Y =NH Q0,86

A dihaloquinolone such as a diffuoroquinolone (12-15 mg) was
placed in a 1 dram (2 ml} vial. NMP (dry and pre-purged with argon for 5
minutes) was added to the vial (0.5 ml). The arniile reagcn"t' (40-50 mg) was added
next. If the amine was an HCI salt, the reaction was neuntralized with TEA (~1.2-
1.5 equivalents). The reactidn was purged again with argon for about 5 seconds,
and imﬁ:ediately 'capped. The reat':'tion' was typically heated in a heating block at
90-95°C for 18 hours. The':eaction was followed by HPLC or LCMS. After
taking samples for HPLC, the vial was purged with argon again and capped. Some

coupling partners took 24 or 48 hours to reach completion. Less nucleophilic
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amines like pyrrole required the addition of a strong base to reach completion. In
these cases, cesivm carbonate (2 equivalents based on the amine nsed) was added to
the reaction. Once done, the reaction was cooled to room temperature, and filtered
with a syringe filter disk. | The clear solution was then nentralized with TFA (a
couple of drops) and injected directly onto a preparative HPLC. The products were
lyophilized to dryness.

Example 1
Ethyl 2-benzimidazol-2-ylacetate _

A solution of l,z-phcnylénediamine (1.0 eq) and ethyl 3-ethoxy-3-
iminopropanoate hydfochloride (1.3 eq) in ethanol was stirred at 90°C ovémight.
The reaction was cooled to room temperature and the solvent was removed in
vacuo. Water and CHoClz Were added 1o the residue. The organic layer was
separated, dried over Na:SOs and the solvent removed. The solid recovered was

used without purification. LC/MS m/z 205.2 (MH+), R 1.44 minutes.

5-(4-Methylpiperazinyl)-2-nitrobenzenecarbonitrile

| 5-Fluoro-2-nitrobenzenecarbonitrile {1.02 eq) and N-
wmethylpiperazioe (1.0 eq) were dissolved in NMP. Triethylamine (2.1 eq) was
added, and the resulting solution heated at 100°C for 1 hour. The solution was
cooled to room temperature and poured into H20. A precipitate formed which was
filtered to yield the desired product as a green solid. LC/MS m/z 247.3 (MH+), R

1.46 minutes.

2-Amino-5-(4-methylpiperazinyl})benzenecarbonitrile
5-(4-Methylpiperazinyl)-2-pitrobenzenecarbonitrile (1.0 eq) was
dissolved in EtOAc. The flask was purged with nitrogen, and 0% Pd/C (0.1 eg)
was added. The flask was evacuated and purged with Hz three times. The resulting
mixture was stirred for three days at room temperature. The mixture was filtered
through Celite and the filter pad was washed with EtOAc. The solvent was

removed in vacuo to give a yellow solid which was purified by silica gel
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chromatography (5:1:95 MeOH:EtsN:EtOAc) to give the desired product as a
yellow solid. LC/MS m/z 217.3 (MH +), R:0.95 minutes.

Methed A
4- Amino-3-benzimidazol-2-y1-6-(4-methylpiperaziny) hydroquinolin-2-one
Ethyl 2—benz.imidazo'l~2~yiacetate (1.1 eq) and 2-amino-5-(4-
methylpiperazinyl)benzenecarbonitrile (1.0 eq) were dissolved in 1,2-
dichloroethane, and then SnCh (11 eq) was added. The mixture was heated at
reflux overnight. Upon cooling, the mixture was concentrated in vacuo. NaOH (3
M) was added to the solid, and the mixture heated at 80°C for 0.5 hours. The solid
was filtered and washed sequentially with H20, CH:CL:, and acetone. LC/MS
indicated that the product was present in the acetone layer and the solid. These
fractions were combined and purified by silica gel chromatography (5-10% MeOH
in CH2Clz with 1% EtsN) to give the desired product. LC/MS m/z 375.4 (MII+),

Ry 1.65 minutes.

Example 2

6-Anino-2-(2-morpholin-4-ylethoxy)benzenecarbonitrile

4-(Hydroxyethyl)morpholine (1.02 eq) was added to NaH (1.2 eq) in
NMP. After 10 minutes, 6-amino-2-fluorobenzenecarbonitrile (1.0 eq) was added
in NMP. The resulting mixture was heated at 100°C for 1 hour. The mixture was
then cooled and poured into H20. The aqueous layer was extracted with EtOAc.
The combined organic Iayérs were washed with brine, dried over NaaSQy, filtered,
and concentrated in vacuo to a yield a brown gum. The crude material was purified
by silica gel chromatography (5:1:95 MeOH:Et:N:EtOAc) to give the desired
product. LC/MS m/z 248.3 (MH+), R 1.26 minutes.

4-Amino-3-benzimidazol-2-yl-5-(2-morpholin-4-ylethoxy)hydroquinelin-2-
oneThe title compound was synthesized as described m Example 1, Method A using
6-amino-2-(2-morpholin-4-ylethoxy)benzenecarbonitrile. LC/MS m/z 406.4
(MH+), R: 1.67 minutes.
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Example 3
4-(2-Morphelin-4-ylethoxy)-2-nitrophenylamine:

' Diisopropyl azodicarboxylate (1.1 eq) was added dropwise to a
stirred solution of 4-amino-3-nitrophenol (1.0 eq), triphenylphosphine (1.1 eq), and
N-(2-hydroxyethylymorpholine (1.0 eq), in THF at 0°C. The mixture was allowed
to warm to room témperature and left to stir for 18 hours. The solvent was
evaporated and the product was purified by silica gel chromatography (98:2
CHzCl:MeOH) to yield a dark reddish-brown oil. LC/MS m/z 268.0 (MH+), R,

1.01 minutes.

4-(2-Morpholin-4-ylethoxy)benzene-1,2-diamine .

To a solution 4-(2-morpholin-4-ylethoxy)-2-nitrophenyiamine (1.0
eq) in EtOH was added Pd/C (0.1 eq). The reaction vessel was repeatedly purged
with nittogen, then stirred under a hydrogen atmosphere (1 atm) for 18 hoors. The
product was filtered through a Celife plug, and the plug washed with EtOH. The
diamine was used without purification. LC/MS m/z 238.3 (MH+), R: 0.285

minuies.

Ethyl 2—[5—(Qfmorpholin~4—ylethoxy)benzimidazol-’z,-yl]écetate

The title compound was synthesized as described in Example 1 using
4-(2~-morpholin-4-ylethoxy)benzene-1,2-diamine. The organic layer was
concentrated and the residue was purified by silica gel chromatography (10:1:2
CH:Cl:MeOH:EtOAc) to yield a dark reddish brown oil. LC/MS m/z 334.4
(MH+) R: 1.08 minutes. '

4-Amino-3-[5-(2-morpholin-4-ylethoxy) benzimidazol-2-yl}-6-nitrohydroguinolin-
2-one

The title compound -was synthesized as described in Example 1,
Method A using ethyl 2-{5-(2-morpholin-4-ylethoxy)benzimidazol-2-yllacetate and
S-nitroanthranitopitrile. The crude product was purified by silica gel
chromatography (5-10% MeOH in CH2Cl: with 1% EtsN) to give the desired
product. LC/MS m/z 451.2 (MH+), R 1.89 minutes.
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4-Amino-5-(2-morpholin-4-ylethoxy)-3-{5-(2-morpholin-4-ylethoxy)-
benzimidazol-2-yilhydroquinolin-2-one

The title compound was synthesized as described in Example 1,
Metho& A using ethyl 2-[5-(2-morpholin-4-ylethoxy)benzimidazol-2-yljacetate and
6-amino-2-(2-morpholin-4-ylethoxy)benzenecarbonitrile. LC/MS m/z 535.4
(MH +), Re1.44 mimnes- |

_ Example S :
2—[(Ethoxfcarbonyl)methyl]benzinﬁdazole—S—carboxylic acid
The title compound was synthesized as described in Example 1 using
3,4-diaminobenzoic acid. The crude material was purified by silica gel

chromatography (5:95 MeOH:CH:Cl2) fo afford the desired product as a white to

' off-white solid. LC/MS m/z 249.1 (MH-+), R 1.35 minutes.

Ethyl 2-[5- (I\I,N—dlmethylcarbamoyl)benz:mldazol-l—yl]acetate

2 [(Ethoxycarbonylymethyl]benzimidazole-5-carboxylic acid (1.0 eq)
was dissolved in THE. HBTU (1.1 eq) and diisopropylethylamine (2.0 eq) were
added, followed by dimethylamine (2.0 M in THF, 1.1 eq). The reaction was
stirred at room temperatizre overnight then concentrated and the resulfing residue
was purified by silica gel chromatography (5:95 MeOH:CH2CL) to afford the
desired compound. LC/MS m/z 276.2 (MH+), R, 1.18 minutes.

2.(4-amino-2-oxo (3-hydroguinelyl))benzimidazol-5-yI}-N,N-
dimethylcarboxamide.

The title compound was synthesized as described in Example 1,

Method A wsing ethyl 2-[5-(N,N-dimethylcarbamoyl)benzimidazol-2-yijacetate and

‘anth:ra.niionitrile. The resulting solid was collected by filtration and washed with

water followed by acetone to afford the desired product as a white solid. LC/MS
m/z 348.3 (MH+), R 1.87 minutes.
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Example 6

4-Amino-3-[S-(morpholin-4-ylcarbonyl})benzimidazol-2-ylthydroguinolin-2-one.

2-[(Ethoxycarbonyl)methyl]benzimidazole-3-carboxylic acid (1.0 eq)
was dissolved in THE. HBTU (1.1 eq) and diisopropylethylamine (2.0 eq) were -
added, followed by morpholiné (1.1 eq). The reaction was stirred at room
temperature for 3 days then concentrated and purified by silica gel chromatography
(5-10% methanol/dichlcromethane). The product-containing fractions were
concentrated and dissolved in anhy . cous 1,2-dichloroethane. Anthranilonitrile (1.0
eq) was added followed by SnCls (5.0 ) and the reaction was heated at 90°C
overnight. The reaction mixture was concentrated and the resulting residue was re-
dissolved in NaOH (2 M) and heated at 90°C for 4 hours. After cooling to room
temperature, the resulting solid was collected and washed with water followed by

acetone to afford the desired product. LC/MS m/z 390.2 MH ), R 1.95 minutes.

, Example 7

4-Bromobenzene-1,2-diamine

A solution of 4-bromo-2-pitroaniline (1.0 eq) and SnCl(2.2 eq) in
EtOH was heated at reflux for 3 hours. After this time, the soltion was poured
onto ice, brought to pH 10 with 2M NaOH and extracted with EzO. The combined
organic layers were dried over MgSOs and concentrated. The resulting brown oil
was purified by silica gel chromatography (0-50% EtOAc:hexam::s) to provide a
light yellow solid. LC/MS m/z 187.1 (MH+), Rs 1.33 minutes.

2-Nitro-4-(2-thienyl)phenylamine

' 4-Bromo-2-nitroaniline (1.0 eq) and NaxCOs (2.0 eq) were dissoived
in DMF/Hz0 (5:1) at room teraperature. Nitrogen was bubbled through the
reaction mixture for 5 minutes and PdCl{dppf)2 (0.1 eq) was added. After stirring
at 23°C for approximately 10 minutes, 2-thiopeneboronic écid (1.1 eq) in DMF was
added and the reaction was heated at 90°C for 12 hours. After this time, the
solution was concentrated and partitioned betwéén EtOAc and H>0. The layers

were separated and the aqueous layer was extracted with EtOAc. The combined -
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organic layers were dried over MgSOs and concentrated under reduced pressure.
The resulting black residue was purified by silica gel chromatography (0-20%
EtOAc:hexanes) to yield an orange sotid. LC/MS m/z 221.1 (MH+), R:2.67

minutes.

Ethyl 2-[5-(2-thienyl)benzimidazol-2-yljacetate )
2-Nitro-4-(2-thienyl)phenylamine (1.0 eq) and 10% Pd/C (0.1 eq)

* were suspended in anhydrous EtOH at roonx temperature. The reaction flask was

evacuated and subsequently filled with Ha. The resulting mixture was allowed to
stir under a hydrogen atmosphere for 3 hours. Ethyl 3—e£hoxy-3—in1in0propanoate
hydrochloride (2.0 eq) was then added and the resulting mixture was heated at
reflux for 12 hours. After this time, the solution was filtered through a piugbf
Celite, concentrated, dissolved in 50 mt of 2N HC1 and washed with CH2ClL. The
aqueous layer was brought to pH 12 with concentrated NH:OH{aq) and extracted
with ICHzCI.z. The combined organic layers were dried with MgSO4 and
concentrated to yield a brown coil which was purified by silica gel chromatography
(5:95 MeOH:CHzCL) to provide 2 yellow solid. LC/MS m/z 287.1 (MH+), R

1.98 minutes.

4-Amine-3-[5-{2-thienyl)benzimidazol-2-yljhydroquinolin-2-one

The title compound was synthesized as described in Example 1,
Method A using ethyl 2-[3 2-hienyl)benzimidazol-2-yl]acetate and
anthraniloniirile. LC/MS m/z 359.2 (MH +), R: 2.68 minutes.

Example 8
5-Fluoro-2-nitrophenylamine _
2,4-Difluoronitrobenzene (1.0 eq) was placed in a dry round-
bottorned flask equipped with a dry ice condenser charged with acétonea’dry ice.

Ammonia was condensed into the flask and the resulting solation was stirred at

" reflux for 7 howrs. A yellow precipitate was formed within 1 hours. After 7 hours,

the condenser was removed and the liquid ammonia was allowed to evaporate over

several hours. The crude product was purified by flash chromatography on siliéa
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gel (85:15 hexanes:EtOAc, product at Ry = 0.32, contaminant at Ry = 0.51).
GC/MS m/z 156.1 (M), R 11.16 minutes.

2-Nitro-5-[1-(1,2,4-triazolyl){phenylamine

' 5-Fluoro-2-nitrophenylamine (1.0 eq), 1H-1,2,4-triazole (3.0 eq) and
NaH (3.0 eq) in NMP were heated at "100°C for 1 hour. The solution was cooled to
room temperature and slowly poured onto ice water. The resulting precipitate was
filtered and dried under vacuum to yield the desired product. The resﬁ)aing solid
was recrystallized from EtOH to afford pure product as a bright yellow solid.
LC/MS m/z 206.2 (MH +), R 1.88 minutes.

Ethyl 2-{5-{1-(1,2,4-triazolyl}]benzimidazol-2-yl }acetate
The title compound was synthesized as described in Example 7 using
2-nitro-5-{1-(1,2,4-triazoly})]phenylamine. LC/MS m/z 272.1 (MH+), R: 1.19

anutes.

4-Awmino-3-{5-[1~(1,2,4-triazoly}) Jbenzimidazol-2-yl hydroquinelin-2-one

The title compound was synthesized as described in Example 1,
Metbod A using ethyl 2-{5-{1~(1,2,4-triazolyl)Jbenzimidazol-2-yl}acetate and
anthranilonitrile. The crude solid was collected and purified by silica gel
chromatography (92:7:1 CH2Cl:MeOH:EtsN). LC/MS m/z 344.3 (MH+), R 2.01

mimates.

Example 9
Method B

N-(4-Chloro-2-cyanophenyl)-2-(5-morpholin-4-ylbenzimidazol-2-
yhacetamideLiHMDS (2.5 eq) was added to ethyl 2-{5-(2-morpholin-4-
ylethoxy)benzimidazol-2-yljacetate (1.0 eq) in THF at ~78°C. After 1 hour, 2-
amino-5-chlorobenzenecarbonitrile (0.82 eq) in THF u;as added. The reaction was
allowed to warm to 23°C and stirred overnight. The resulting mixture was
quenched with NH:Cl (agueous saturated solution) and ext__récted with EtOAc. The

combined organic layers were washed with H20O and brine, dried over Na:SQOs,
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ﬁltéred and concentrated in vacuo to yield a brown solid. The crude material was
purified by silica gel chromatography (5:1 EtOAc:bexane) to give the desired
product. LC/MS m/z 396.1 (MH+), R 1.79 minutes.

4-Amino~6~chloro—3-(5-morpholin—4—ylbenzimidazol-z-yl)hydroquinolin-z-oxle
N-{4-chioro-2-cyanophenyl)-2-(5-morpholin-4-ylbenzimidazol-2-
ylacetamide (1.0 eq) was heated in NaOMe (0.5 M in MeOH, 18 eq) at 70°C for 2
hours. The resulting mixture was cooled, and the resulting solid was filtered and
washed with water to give the desired product. LC/MS m/z 396.4 (MH+), R:2.13

minutes.

Example 10
2-Nitro-5-piperidylphenylamine
The title compound was synthesized as described in Example 8 using
piperidine (3.0 eq, excess acts as base in place of Nafl). The desired product was
obtained as a yellow, crystailine solid. LC/MS m/z 222.2 (MH+), R 2.53

minites.

Efthyl 2-(5-piperidylbenzimidazol-2-yl)acetate

The title compound was synthesized as described in Example 7 using
2-nitro-5-piperidylphenylamine. The desired product was obtained as a yellow oil.
LC/MS m/z 288.3 (MH+), R 1.31 minutes.

" 4-amino-3-(5-piperidylbenzimidazol-2-yljhydroquinolin-2-one

The title compound was synthesized as described in Exarple 9,
Method B using ethyl 2-(5-piperidylbenzimidazol-2-yDacetate and anthranilonitrile.
The acyclic amide was used crude in the NaOMe cyclization step. The desired
product was obtained following purification by silica gel chromatography
(96.5:3.0:0.5 CH2Cl:MeOH:EtaN, R;0.2). LC/MS m/z 360.4 (MH+), R 1.83

minutes.
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Example 11
{1-(3-Amino-4-nitrophenyl)pyrrolidin-3-ylldimethylamine
The tifle compound was synthesized as described in Example 8 using
3-{dimethylamino)pyrrolidine (3.0 eq, excess amine was used as the base in place of

NaH). LC/MS mi/z 2513 (MH+), R 1.25 minutes.

Ethy} 2-{5-[3-(dimethylamino)pyrrolidinyllbenzimidazol-2-yl}acetate

The title compound was synthesized as described in Example 7 using
[1-(3-amino-4-nitrophenyl)pyrrolidin-3-ylidimethylamine. The desired product was
obtained as a yellow oil. LC/MS m/z 317.4 (MH+), Ri 1.36 minutes.

2-{5-[3-(Dimethylamine)pyrrolidinyl]benzimidazel)-2-y1}-N-(d-chloro-2-
cyanephenylacetamide

The title compound was synthesized as described in Example 9,
Method B using ethyl 2-{5-[3-(dimethylamine)pyrrolidinylibenzimidazol-2-
yliacetate. LC/MS m/z 423.4 (MH+), R 1.67 miputes.

4—Amino-3—{5-—{3—(dimethylamino)pyrrolidiny}]benzinﬁdazol—Z—yl}-6—
chlorohydroquinolin-2-one _

The title compound was syathesized as described in Example 9,
Method B using 2-{5-[3-(dimethylamino)pyrrolidinyl]benzimidazol-2-y1}-N-(4-
chioro-2-cyanophenyiacetamide. LC/MS m/z 423.4 (MH+), R 1.71 minutes.

Example 12
Ethyl 2-{5—(dhnethyiamjno}benzinﬁdazol—z-yl]acetate
The title compound was syuthesized as described in Example 7 using
(3-amino-4-pitrophenyl)dimethylamine. The resulting tan film was purified by
silica gel chromatography (5:1:94 MeOH:EtsN:CH:zCl) to give the desired product.
LC/MS 248.3 m/z (MH+), R/ 1.24 minutes.
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2-15-(Dimethylamino)benzimidazol-2-yI]-N-{2-cyanophenyl)acetamide

The title compound was synthesized as described in Example 9,
Method B using ethyl 2-[5-(dimethylamino)benzimidazol-2-yl]acetate and
anthragilonitrile. LC/MS m/z 320.2 (MH+), R: 1.68 minutes.

4-Amino-3-[5-(dimethylamine)benzimidazol-2-ylJhydroguinolin-2-one

The title compound was synthesized as described in Exampie 9,
Method B using 2-{5-(dimethylamino)benzimidazol-2-ylj-N-(2-
cyanophenyl)acetamide. LC/MS m/z 320.2 (MH +), R: 1.72 minutes.

Example 13
Ethyl 2-(5-cyanobenzimidazol-2-yl)acetate
The title compound was synthesized as described in Example 7 using

4-amineo-3-nitro-benzonitrile. LC/MS m/z 230.2 (MH+), Ry 1.29 minutes.

2-(4-Amino-2-ox0-3-hydroquinolyl)benzimidazole-5-carbonitrile

The title compound was synthesized as described in Exampie 9,
Method B using ethyl 2-(5-cyanobenzimidazol-2-yl)acetate and anthranilonitrile (no
acyclic amide observed so the NaOMe step was not needed). LC/MS m/z 302.3
(MH+), R;2.62 minutes. -

Example 14

2-{4-Amino-2-ox0-3-hydroquinolyl)benzimidazole-5-carboxamidine
2-(4-Amino-2-0x0-3-hydroquinolyl}benzimidazole-5-carbonitrile (1.0
eq) in EtOH was placed into a glass bomb, cooled to 0°C and HCI (g) was bubbled
through for 15 miputes. The bomb was then sealed, brought to room temperature
and stirred overnight. The solvent was removed in vacuo. The residue was
dissolved in EtOH in a glass bomb and cooled to 0°C. NH;(g) was bubbled

through for 15 minutes and the bomb was sealed and heated to 80°C for 5 hours,
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The solvent was removed iz vacuo and the crude product was purified by reversed-

phase HPLC. LC/MS m/z 319.2 (MH+), Rr 1.70 minutes.

_ Example 15
4-Amino-3-[5-(2-morpholin-4-ylethoxy)-benzimidazo!-2-ylJhydroguinolin-2-ene
The tifle compound was synthesized as described in Example 9,
Method B using anthranilonitrile. The crude acyclic amide was used without
purification in the NaOMe cyclization step. The crude final product was purified
by reversed-phase HPLC {DMSO/5% TFA). LC/MS m/z 406.4 (MH+), R 1.56

minutes.

Example 16
5-Morpholin-4-yl-2-nitrophenylamine
The title compound was synthesized as described in Example 8 using

morpholine (3.0 eq, excess amine was nsed as the base in piace of NaH). LC/MS

m/z 224.1 (MH4+), R 1.89 minutes.

“HEthyl 2;(S—morpholin—4-ylbenzimidazol—2—yl)acetate

The title compound was synthesized as described in Example 7 using
S-morpholin-4-yl-2-nitrophenylamine. The crude yellow oif was puﬁﬁed by silica
gel chromatography (89.5:10:0.5 CHzCla:MeOH:Et:N) fo yield the desired product
as a yellow solid. LC/MS m/z 290.3 (MH+), R: 1.31 minutes.

Method C
4-Hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1-benzylhydrogquinolin-2-one
. To a solution of ethyl 2-(5-morpholin-4-ylbenzimidazol-2-yl)acetate
(1.0 eq) in anhydrous THF at ~78°C under an atmosphere of nitrogen was added
LiHMDS (1 M in THF, 3.1 eq) and the solution was stirred for 1 hour. A solution
of 1-benzylbenzo[d}1,3-oxazaperhydroine-2,4-dione (1.05 eq) in anhydrous THF

was then added dropwise and the resulting solution was allowed to warm to 0°C
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over 1 hour. The resuiting mixture was quenched with a satmrated aqueous solition.
of ammbnium chloride and the organic layer was separated. The agquecus layer was
extracted with CH2ClL (4 times). The combined organic layers were dried over
Na:SOs, concentrated in vacuo, and the crude roaterial was dissolved in toleene and
heated at reflux for 16 hours. The toluene was removed in vacuo and the crude
material was used without further purification. The product was obtained as a white
solid. LC/MS m/z 453.1 (MH+), R 2.91 minutes.

4-Hydroxy-3-(5-morphelin-4-ylbenzimidazel-2-y)hydroquinelin-2-one

Crude 4-hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-y1)-1-
benzylhydroquinolin-2-one (1.0 eq) was dissolved in trifluoromethanesulfonic acid
and heated at 40°C for 16 hours. The resulting solution was diluted with water and
neutralized with 6 N NaOH (aq), whereupon a yellow precipitate formed. The
crude solid was isolated by centrifugation and purified by reversed-phase HPLC to
produce the desired product as a bright yellow solid. LC/MS m/z 363.3 MH+), R

1.77 minutes.

_ Exanmople 17
N—tl-(3-Anﬁno—4~nitrophenyl)pyrrolidin—3—yl](teﬂ—bntoxy)carboxamide
The title compound was synthesized as described in Example 8 using
3-(zert-butoxycarbonylamino)pyrrolidine (1.01 eq) with diisopropyléﬂlyla;mine (2.0
eq) as the base (in place of NaH). The product was obtained as an orange,

crystalline solid. LC/MS mi/z 323.3 (MH+), R: 2.53 minutes.

Ethyl 2-(5-{3-[(tert-butoxy)carbonylaminojpyrroitdinyl} benzimidazol-2-
yhacetate

The title compound was synthesized as described in Example 7 using
N-[1-(3-amino-4-nitrophenylpyrrolidin-3-y1](fert-butoxy)carboxamide. The product
was obtained as a yellow oil. LC/MS m/z 323.3 (MH+), Rr 2.53 minutes.
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3-[5-(3~aminopyrmiidinyl)benzimjdazol-Z—yl]«ft-hydroxyhyquuinolin—,?.—one
The tiﬁe-compound was synthesized following the procedure
described in Example 16, Method C using ethyl 2~(5-{3-[(rert-
butoxy)carbonylamino]pyrrolidiny}benzimidazol-2-yl)acetate. The product was
obtained as a yellow solid following cleavage of the benzyl group (see procedure in

Example 15). LC/MS m/e 362.3 (ME-+), R: 1.55 minutes.

.xample 18
(3-Amino-4-pitrophenyl){2-(dimethylamino)ethylJmethylamine
The title compound was synthesized as described in Example 8 using
1,1,4-trimethylethylenediamine (1.01 eq) with diisopropylethylamine (2.0 eq) as the
base (in place of NaH). The product was obtained as a bright yellow, crystailine
solid. LC/MS m/z 239.3 (MH+), R: 1.29 minutes.

Ethyt 2-(5-{[2-(dimethylamine)ethylJmeth ylamine } benzimidazol-2-yl)acetate

The title compound was synthesized as described in Example 7 using
(3-amino-4-nitropheny!)[2-(dimethylamino)ethylJmethytamine. The desired product
was obtained as a yellow oil. LC/MS m/z 305.2 (MH+), Rr 1.17 minutes.

3-(5-{[2-(Dimethylamino)ethyljmethylamino } benzimidazol-2-yl)-4-bydroxy-1-
benzythydroquinolin-2-one

The title compound was synthesized as described in Example 16,
Method C using ethyl 2-(5-{j2-(dimethylamino)ethyl]metbylamino }benzimidazol-2-
ylacetate. The product was obtained as a pale yellow solid. LC/MS n/z 468.4
(MH+), R 2.26 minutes.

3-(5-{[2-(Dimethylamino)ethylimethylamino } benzimidazol-2-yl)-4-
hydroxyhydroquinplin~2-one

The title compound was synthesized as described in Example 16,
Method C using 3-(5-{[2-(dimethylamino)ethylimethylamino } benzimidazol-2-y1)-4-

hydroxy-1-benzylhydroquinolin-2-one. The crude material was purified by
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reversed-phase HPLC to yield the product as a yellow solid. LC/MS m/z 378.4
{MH+), R: 1.99 minutes.

Example 19

Method D
4-Chloro-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1-benzylhydroquinolin-2-one

A solution of 4-hydroxy-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1-
benzythydroquinolin-2-one (1.0 eq) and POCIs in a dry, round-bottomed flask was
heated at 80°C for 2 hours. The excess POCl was removed in vacuo and the crude
material was quenched with water. The crude product was collected by filtration
and purified by silica gel chromatography (1:9 MeOH:CH2Cl). 4-Chloro-3-(5-
morpholin-4-ylbenzimidazol-2-y1)-1-benzylhydroquinolin-2-one was isolated as a
red solid. LC/MS m/z 471.4 (MH+), Rs 2.35 minutes.

4—[(2—Meth0xyethyl)annn0] -3- {5—morphohn~4-ylbenmmldazol 2-yl)-1-
benzylhydrogquinolin-2-one

A solution of 4-chlaro-3-(5-morpholin-4-ybenzimidazol-2-yl)-1-
benzylhydroguinolin-2-ore (1.0 eq) and EtOH was treated with 2-methoxyethyl-
amine (10 eq) at room temperature. ‘The resulting solution was heated at reflux for
16 hours and then the solvent was removed in vacuo. The crude solid was
sonicated in water, filtered. scnicated in hexanes, and filtered again. The crude
product was used witheut further puriﬁcation. LC/MS m/z 510.4 (MH+), R 2.20
minutes.
4-[(2-Methoxyethyl)amino}-3-(5-morpholin-4-yIbenzimidazol-2~
yhydroquinolin-2-one

4-{(2-methoxyethyl)amino}-3-(3-morpholin-4-ylbenzimidazol-2-yI)-1-
benzylhydroquinolin-2-one was debenéylated using the procedure described in
Exampie 16 to produce the title compound. LC/MS m/z 420.2 MH+), R, 1.57
minales. 4-{(2~hydroxyethy1}am'1n0]~3-(5~morpholin—4—ylbenzimidazo1-2-

yDhydroquinolin-2-one was produced as a side product (see below).
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4-{(2-hydroxyetkyl)amino}-3-(5-morpholin-4-ylbenzimidazal-2-yl) hydroquinolin-
2-one -

The title compound was obtained as a side-product of the
debenzylation of 4-[(2-methoxyethyl)amino}-3-(5-morpholin-4-ylbenzimidazol-2-y1)-
1-benzylhydroquinolin-2-one using the procedure described in Example 16 and was
isolated by reversed-phase HPLC as 2 yellow solid. L.C/MS m/z 406.2 (MH+), R

1.39 minutes.

Example 20

4-(Methoxyaminoe)-3-(5-morpholin-4-ytbenzimidazol-2-yh-1-
benzylhydroquinelin-2-one

The title compound was synthesized as described in Example 19,
Method D using O-methylhydroxylamine. The product was used without

purification..

4-(Methoxyamino)-3-(5-morpholin-4-ylbenzimidazol-2-yl) ydroquinolin-2-one

The title compound was obtained as a yellow solid after
debenzylation of 4-(methoxyamino)-3-(5-morphelin-4-ylbenzimidazol-2-yl)-1-
benzylbydroquinolin-2-one using the procedure described in Exampie 16. LC/MS
m/z 392.2 (MH+), R 1.82 minutes. |

Example 21

ter-Butyl-3-{[3-(5-morpholin-4-ylbenzimidazol-2-y1)-2-oxo-1-benzyl-4-
hydroquinelyl]amino} piperidinecarboxylate

The title compound was synthesized as described in Example 19,
Method D using 1-ferr-butoxycarbonyl-3-aminopiperidine. The product was used

without purification.

3-(5-Morﬁho]in-4-ylhenzimidazol»z-yl)—4~(3-piperidylamino)hydroquinolin-l—one
The product was obtained as a yellow solid after debenzylation of
terz-butyl-3-{[3-(5-morpholin-4-ylbenzimidazol-2-yi)-2-0xo-1 -benzyl-4-

hydroquinolyljamino}piperidinecarboxylate using the procedure described in
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Example 16. The t-butoxycarbonyl group is removed under the reaction conditions.

LC/MS m/z 445.4 (MH+), R 1.73 minutes.

Example 22
tert-Butyl-3-({[3-(5-merpholin-4-ylbenzimidazol-2-yl)-2-oxo-1-benzyl-4-
hydrequinolyijamine }methyl) piperidinecarboxylate

The title compound was synthesized as described in Example 19,
Method D using 1-!eﬁwbutoxj(carbonyl-?:-aminomethy}pi-peridinc._ The product was

used without purification.

3-(5-Morpholin-4-ylbenzimidazol-2-yl)-4-[ (3-piperidylmethylamino}- .
hydroqt_;inoiin-}one

. Thetitle coﬁ:pouncl was obtained as a yellow solid after
debenzylation of Zembﬁtyls-({[3-(5-morpbolin—4-ylbenzimidaz01-2~yl}~2—0xo-1~
benzyl-4-hydroquinolyllamino ymethyl)piperidinecarboxylate using the procedure
described in Bxample 16. LC/MS m/z 459.6 (MH+), R 1.71 moinutes.

Example 23

4-{[2-(Dimethylamino)ethyljamine }-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1-
benzylhydrequinolin-2-one ' _

The title compound was synthesized as described in Example 19,
Method D using 1,1-dimethylethylenediamine. The product was used without

purification.

4-{[2-(Dimethylamine)ethyljamino }-3-(5-morpholin-4-ylbenzimidazol-2-
yihydroguinolin-2-one

The title compound was obtained as a yellow solid after
debenzylation of 4-{[2-(dimethylamino)ethyl]amino}-3-(5-morpholin-4- .
ylbenzimidazol-2-yi)-1-benzylhydroquinolin-2-one using the procedure described in
Example 16. LC/MS m/z 433.4 (MH+), Rr 1.55 minutes.
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Example 24
3-(5-Morpholin-4-yIbenzimidazol-2-yl)-4-f{oxolan-2-ylmethyl)amino]-X-
benzylhydroguinolin-2-one

The title componnd was synthesized as described in Example 19,
Method D using 2-aminomethyltetrahydrofuran. The product was used without

purification.

3-(5- Morpholm—él»yibenznmdazol~2—y})~4~[(oxolan—Z—ylmethyl}ammo]—
hydroquinolin-2-one

The title compound was obtained as a yellow solid after
debenzylation of 3-(5-morpholin-4-yibenzimidazol-2-yl)-4-[(oxolan-2-
ylmethyl)amine}-1-benzylhydroquinolin-2-one using the procedure described in
Example 16. LC/MS m/z 446.5 (MH+), Re 2.19 minutes.

Example 25

4-{[2-(Methylamine)ethyl}amino}-3-(5-morpholin-4-ylbenzimidazol-2-y})-1-
benzylhydrogninolin-2-one

The title compound was synthesized as described in Example 19,
Method D using 1-zert-butoxycarbonyl-1-methylethylenediamine. - The product was

used without purification.
4-{[2-(Methylamino)ethyl}amino}-3-(5-morpholin-4-ylbenzimidazol-2-
yhhydroquinolin-2-one '

The title compound was obtained as a yellow solid after

debenzylation of 4-{[2-(methylaminc)ethyljamino}-3-(5-morpholin-4-

ylbenzimidazol-2-yl)-1-benzylhydroquinolin-2-one using the procedure described in
Example 16. The t-butoxycarbonyl group is removed under the reaction conditions.

LC/MS m/z 419.4 (MH+), R: 1.50 minutes.
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Example 26
tert-Butyl-3-{[3-(5-meorphelin-4-ylbenzimidazoi-2-yl)-2-oxe-1-benzyl-4-
hydroquinolylJamino } pyrrolidinecarboxylate

The title compound was synthesized as described in Example 19,
Method T vsing l—ten-butoxycaxbonyl~3-aminopyrrolidjxie. The product was used

without purification.

3-(5-Morphelin-4-ylbenzimidazol-2-yl)-4-(pyrrolidin-3-ylamino)hydroguinolin-2-
one

The title compound was obtained as a yellow solid after
debenzylation of tert-butyl-3-{[3-(5-morpholiv-4-ylbenzimidazol-2-y1)-2-oxo-1-
benzyl-4-hydroguinelyl]amino }pyrrolidinecarboxylate using the procedure described

in Example 16. LC/MS m/z 431.4 (MH+), R: 1.50 minutes.

Example 27

4-[{(25)-2-Amino-4-methylpentyl)amino]-3-(3-morpholin-4-ylbenzimidazol-2-yl)-
1-benzylhydroguinolin-2-one

The ﬁtle compound was synthesized as described in Example 19,

Method D using (25)-2-tert-butoxycarbonylamino-4-methylpentylamine. The

product was used without purification.

4-[{(25)-2- Amino-4-methylpentyl}amine]-3-(S-worpholin-4-ylbenzimidazol-2-
yhhydroquinokin-2-one

The title compound was obtained as a yellow solid after
debenzylation of 4-[((2S)-2-amino-4-methylpentyl)amino]-3-(S-morpholin-4-
ylbenzimidazol-2-y1)-1-benzylhydroguinolin-2-one using the procedure described in

Example 16. LC/MS n/z 461.4 (MH+), R 1.78 minutes.
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Example 28
t-Butoxycarbony‘l protected 4-[((25)-2-amino-3-methylbutyl)amino]-3-(5-
morpholin-4-ylbenzimidazol-2-yi)-1-benzylhydroquinolin-2-one
The title compound was synthesized as described in Example 19,
Method D using (28)-2-zer-butoxycarbonylamino-3-methylbutylamine. The

product was used without purification.

4-[({2S)-Z-Amino-3-methylbutyl}amino}-3-(5-morpholin-4-ylbenzimidazol-2-
yhhydroguinelin-2-one

The title compound was obtained as a yellow solid after
debenzylation of 4-[((25)-2-amino-3-methylbutyl}amino}-3-(5-morpholin-4-
ylbenzimidazol-2-yl}-1-benzylhydroquinolin-2-one using the procednre described in
Example 16, The t-butoxycarbonyl group is removed under the reaction conditions.

LC/MS m/z 447.5 (MH +), R 2.96 minutes.

_ Example 29
4-Amino-3-(5-morpholin-4-ylbenzimidazol-2-yi)-1-benzylhydroquinolin-2-one
~ The title compound was synthesized as described in Example 19,
Method D using ammonia in a sealed glass tube. The product was used without

purification.

4-Amino-3-(5-morpholin4-ylbenzimidazol-2-yl}hydroquinelin-2-one

The title compound was obtained as a bright yellow solid after
debenzylation of 4-amino-3-(5-morpholin-4-ylbenzimidazol-2-yl)-1- '
benzylhydroquinolin-2-one using the procedure described in Example 16 and
purification by reversed-phase HPLC. LC/MS m/z 362.3 (MH+), R 1.61 minutes.

Example 30
3-Benzimidazo}-2-yl-4-hydroxy-1-benzylbydrequinolin-2-one
The title compound was synthesized as described in Example 16,

Method C using ethyl 2-benzimidazol-2-ylacetate. The product was obtained as a.
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white solid and used without further purification. LC/MS m/z 368.4 (MH+), R

2.99 minutes.

3-(Benzimidazol-2-yi}~4-chloro-1-benzylhydroguinolin-2-one
The title compound was synthesiz_e'd as described in Example 19,
Method D using 3-benzimidazol-2-yl-4-hydroxy-1-benzylhydroquinolin-2-one. The

crude product was used without parification.

Example 31
3-Benzimidazol-2-y1—4—{methylamino)hydroquinolin—Z—one
The benzylated title compound was synthesized as described in
Example 19, Method D using methylamine and. 3-(benzimidazol-2-yl)-4-chloro- 1~
benzylhydroquinelin-2-one. The produét was obtained after debenzylation as a |
yellow solid using the procedure described in Example 16. LC/MS m/z 291.3
(MHE+), R: 1.64 minutes. '

Example 32
3-Benzimidazol-2-yl-4-(ethylamino)hydroquinelin-2-one _
The benzylated title compound was synthesized as described in
Example 19, Method D using ethylamine and 3-(benzimjdazol—2—y])—4—chlqro—1-
benzylhydroquinolin-2-one. The title compound was 6btaiﬁed after debexizylatian
as a yellow solid using the procedure described in Example 16. LC/MS m/z 305.3
(MH+), R: 2.01 minutes.

Example 33
3-Benzimidazol—z-yl—d-[(oxoian-z-ylnlethyl)amino]hydroquinolin—i;rope
The benzylated title compound was synthesized as described in
Example 19, Method D using 2-aminomethyltetrahydrofuran and 3-(benzimidazol-
2-y1)-4—ch10r0—I-benzylhy&roquinolin-}one. The title compound was obtained after
debenzylation as 2 yellow solid using the procedure described in Example 16.

LC/MS m/z 361.2 (MH+), R 1.74 minutes.
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» Example 34 _
3—Benzimidazol—2~yl—4—[(4—piperidylmethyl)amino]hydroqliinolin—z—one
The protected title compound was synthesized as described in
Example 19, Method D.using 1-terr-butoxycarbonyl-4-aminomethylpiperidine and
3-(benzimidazol-2-y1)-4-chloro-1-benzylhydroquinolin-2-one. The title compound
was obtained after deprotection and debenzylation as a yellow solid using the
procedure described in Example 16. LC/MS m/z 374.3 (MH ), R: 1.29 minutes,

Example 35
3-Benzimidazel-2-yl-4-[ (4-fluorophenyl)amine Jhydroquinolin-2-one
The benzylated title compound wés synthesized as described in
Example 19, Method D using 4-fluorcanilive and 3-(benzimidazol-2-y1}-4-chloro-I-
benzylhydroquinolinéﬂne. The title compound was obtained after debenzlylation-
as a yellow solid using the procedure described in Exampie 16. LC/MS m/z 371.2
(MH<+), R 1.92 minates.

Example 36
3-Benzimidazol~2—yl—4—(methohyémino)hydroquineli-n-z-one
The benzylated title compound was synthesized as described in
Example 19, Mctho& D using O-methylhydroxylamine and 3-(benzimidazol-2-yh-4-
chioro-1-benzylhydroquinolin-2-one. The title compound was obtained after
debenzylation as a yellow solid using the procedure described in Example 16.

LC/MS m/z 307.3 (MH+), Rr 1.77 minutes.

Example 37
3-Benzimidazol-2-yl-4-(benzimidazol-6-ylamino)hydroquinolin-2-one
The benzylated title compound was syathesized as described in
Example 19, Method D using 5-aminobenzimidazole and 3-(benzimidazol-2-y1)-4-
chloro-1-benzylhydroguinolin-2-one. The title cc;mpound was obtained after
debenzylation as a yellow solid using the procedure described in Example 16.

LC/MS m/z 393.4 (MH+), R, 1.41 minutes.
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Example 38
3-Benzimidazol-2-yl-4-(phenylamino}hydroguinolin-2-one
The benzylated title compound was synthesized as described in
Example 19, Method D using aniline and 3-(benzimidazol-2-yl)-4-chloro-1-
benzylhydroquinolin-2-one. The title compound was obtained after debenzylation
as a yellow solid using the procedure described in Example 16. LC/MS m/z 353.4
(MH+), R:2.38 minutes.

Example 39
3-Benzimidazol—é—yl—d—(quinuciidin«~3-ylamino)hydroquinolin-z-one
The benzylated title compound was synthesized as described in
Example 19, Method D using 3-aminoqguinuclidine and 3-(benzimidazol-2-y1)-4-
chioro-1-bepzylhydroquinolin-2-one. The title componnd was obtamed after
debenzylation as a yellow solid using the procedure described in Exampile 16.

LC/MS m/z 386.4 (MH+), R: 1.82 minunfes.

Example 40
3-Benzimidazol-2-yl-4-[ (imidazol-5-yimethyl)amino]hydrequinolin-2-one
The benzylated title compound was synthesized as described in
Example 19, Method D using 4-aminorethyl-14-imidazole and 3-(benzimidazol-2-
yl)-4-chloro-1-benzylhydroquinolin-2-oue. The title compound was obtained after
debenzylation as a yellow solid using the procedure described in Exalmple 16.

LC/MS m/z 357.4 (MH+), Ri1.34 mimtes.
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Example 41

3-Benzimidazol-2-yl-4-(morpholin-4-ylamino)hydroquinolin-2-one

The benzylated title compound was synthesized as described in
Example 19, Method D using 4-aminomorpholine and 3-(benzimidazol-2-y})-4~
chioro-1-benzylhydroquinolin-2-one. The title compound was obtained after
debenzylation as a yellow solid using the procedure described in Example 16.

LC/MS m/z 362.4 (MH +), R: 1.42 miputes.

Example 42
3-Benzimidazol-2-yl-4-hydrazinohydrogquinolin-2-one

The benzylated title compound was synthesized as described in

Example 19, Method D using hydrazine and 3-(b'enzimidazol—2~y1)-4-chl'0ro—1-

benzylhydroguinolin-2-one. The title compound was obtained as a yellow solid
after debenzylation using the procedure described in Example 16. LC/MS m/z
2923 (MH+), R 1.19 minutes.

Example 43

3-Benzimidazol-2-yl-2-oxohydroquinoline-4-carbonitrile

3-Benzimidazol-2-y}-4-chloro-1-benzythydroquinolin-2-one (1 eq}
was dissolved in DMA, and CuCN (10 eq) was added in one portion. The reaction
mixture was stitred at 30°C overnight. The resulting mixture was allowed to cool
to room temperature, water was added, and the orange precipitate was removed by
filtration. The solid was treated with a solution of hydrated FeCls at 70°C for 1
hour. The suspension was centrifuged and the solution removed. The remaining
solid was washed with 6N HCI (2 times), sat. Na2:COs (2 times), water (2 times)
and Iyophilized. The resulting powder was dissolved in 1 mL of triflic acid and
heated at 60°C overnight. The resulting mixture was coeled to 0°C and water was
slowly added.' Samrated LiOH was added dropwise to the suspension to a pH of 8,
then the solid was filtered and washed with water.'(?: times). Purification by
reversed-phase HPLC afforded the desired product. LC/MS m/z 287.1 (MH+), R

1.89 minutes.
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Example 44
Ethyl 2-(5,6-dimethylbenzinidazol-2-yl)acetate
The title compound was synthesized as described in Example 1 using
4,5-dimethylbenzene-1,2-diamine. The crude yellow oil was purified first by silica
gel chromatography (96.5:3.0:0.5, CH2Cl: MeOH:EN), and then by
recrystallization from toluene to yield the title compound as a pale, yellow solid.

LC/MS m/z 233.1 (MH+), R 1.73 minutes.

3-(5,6-Dimethylbenzimidazol-2-yl)-4-hydroxy-1-benzylhydroquinolin-2-one
The tiile compound was synthesized as described in Exampie 16,
Method C using ethyl 2~(5,6~d'n:nethylbenzimidazol-"l-jl)acétate. The crude
material was purified by silica gel chromatography (98.5:1.5, CH:zCL:MeOH) to
yield the title compound as a yellow solid. LC/MS m/z 396.2 (MH+), R: 3.60

minutes.

3-(5,6-Dimethylbenzimidazol-2-y1)-4-chloro-1-benzylhydroquinelin-2-one

The title compound was synthesized as described in Example 19,
Method D using 3-(5,6-dimethylbenzimidazol-2-y1)-4-hydroxy-1-
benzylhydroquinolin-2-one. The title compound was obtained as an orapge-yellow

solid. LC/MS m/z 414.2 (MH ), R 2.47 minutes.

tert-Butyl 3-{[3-(5,6-dimethylbenzimidazol-2-yl}-2-oxo-I-henzyi-4-
hydroquinolyl)anzine }piperidinecarboxylate

The title compound was synthesized as described in Example 19,
Method D using 1-feri-butoxycarbonyl-3-aminopiperidine. The crude material was
purified by silica gel chromatography (99:1 CH2Cl::MeOH) to yield the title
compound as a yellow solid. LC/MS m/z 578.5 (MH+), Rr 3.05 minutes.

3-(5,6-Dimethylbenzimidazol-2-yl)-4-(3-piperidylamino}hydroguinolin-2-one
tert-Butyt 3-{[3-(5,6-dimethylbenzimidazol-2-y1)-2~ox0-1-benzyl-4-~
hydroguinolylJaruino}piperidine-carboxylate was debenzylated as described in .
Example 16. The crude materjal was purified by reversed-phase HPLC to yield the -
title compound as a light yellow solid. LC/MS m/z 388.4 (MH+), R 1.61 rm'nﬁtes,
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Example 45

3H-Imidazo[4,5-b]pyridin-2-ylacetonitrile

Ethyl cyanoacetate (1.5 eq) and 2,3-diaminopyridine (1 eq) were
heated at 185°C for 30 minutes. The reaction mixture was cooled to room
temperature and the black solid was triturated with ether. The desired product was
thus obtained as a dark brown powder. LC/MS m/z 159.1 (MH+), R/0.44

nimites.

Bthyl 3H-imidazo[4,5-b]pyridin-2-ylacetate
3H-Imidazo[4,5-b}pyridin-2-ylacetonitrile was suspended in EtOH,
and gaseous HC1 was bubbled through for 3 hours. The suspension initially seemed

to dissolve, but a precipitate started forming almost immediately. The reaction

. mixture was cooled to 0°C and a cold saturated NallCOs solution was carefully

added. Solia NaHCO3 was also added to bring the pH to a value of 7.6. The
aqueons phase was then extracted with EtOAc, and the organic extracts were dried
(Na:SO4). After evaporation of the solvent under reduced pressure, the residue was
parified by chromatography on silicagel (10% MeOH in CHzChL with 1% EtsN)
providing the desired product as a light brown solid. LC/MS m/z 206.1 (MH+), R

(.97 minutes.

4-Amino-3-(3H-imidazo[4,5-blpyridin-Z-y)) quinolin-2 (1 H)-one

LiHMDS (3.0 eq) was added to ethyl 3H-imidazof4,5-b]pyridin-2-
ylacetate (1.0 eq) in THF at ~78°C. After 20 minutes, a solution of 2-
aminobenzenecarbonitrile (1.1 eg) in TﬁF was added. The resulting mixture was -
allowed to warm to room temperature, stirred for 3 hours, and then refluxed
overnight. The mixture was cooled to 0°C and quenched with an aqueous saturated
NH«Cl solution. A precipitate formed, was filtered off, and was washed repeatedly
with ether to yield the desired compound as a light brown solid. LC/MS m/z 278.2
(MH+), R 1.82 minutes.
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. Example 46
6-Morpheolin-4-yl-3-nitropyridin-2-amine
Morpheline (4 eq) was added to a suspension of 6-chloro-3-
nitropyridin-2-amine (1 eq) in CHsCN, and the reaction mixture was stirred at
70°C for 5 hours. The solvent was evaporated under reduced pressure, and the
residue was triturated with ether to afford the desired compound as a bright yellow

powder. LC/MS m/z 225.0 (MH-), R/ 1.79 minutes.

Ethyl (S-morphelin-4-yl-3 H-imidazo[4,5-b]pyridin-2-yl)acetate

To a solution 6—chloro-3~njtf0pyridinA2—amine (1.0 eq) ir EtOH was
added Pd/C (0.1 eq). The reaction vessel Was_'repea_tcdly purged with hydrogen and
then stirred under a hydrogen atmosphere (1 atm) for 18 hours. Ethyl 3-ethoxy-3-
minopropanoate hydrochloride (2.0 eq) was added in one portion, and the reaction
nﬁxture was refluxed ovemight; The reaction mixture was cooled to room
temperatore, filtered through a celite plug, and the phig was washed with ExOH.
After evaporation of the solvent under reduced pressure, the residue was purified by
silica gel chromatography (5% MeOH in CH2CL with 1% Et:N) providing the
desired product as a brown solid. LC/MS m/z 291.3 (MH+), R 1.71 minutes.

4-Amino-3-(5-morpholin-4-yl-3H-imidazo{4,5-b]pyridin-2-yhquinolin-2(1 H)-one
_ The title compound was synthesized as described in Example 45,
Method E using ethyl 2-(5-morpholin-4-ylimidazolo[5,4-b]pyridin-2-yl)acetate and
2-aminobenzenecarbonitrile, with a modified workup procedure.. Afier quenching
with a saturated aqueous ammonium chioride solution, the two phases were
separated and the aqueous phase extracted with EtOAc. Upon standing, a solid
formed and precipitated out of the organic extracts. The precipitate, a dark brown
solid, was filtered off and dried. Purification by reverse phase chromatography
afforded the desired product as a reddish solid. LC/MS m/z 363.2 (MH+), R:2.20

minutes.
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. Example 47 _
4—Amjno-5-[(2R,68)—2,6~dim§thylmorpholin—4~yl]—3—(3H—imidazb{4,5-b]pyridin—
2-yl)quinolin-2(1H)-one

LiHMDS (3.0 eq) was added to ethyl 3H-imidazo[4,5-blpyridin-2-
ylacetate (1.0 eq) in THF at -78°C. After 20 minutes, a solution of 2-amino-6-
[(ZR,6.5’)-2,6~di:nethylmorphoﬁn—éi»yl}benzonitrile (1.1 eq) in THF was added. The
resulting mixture was aliowed to warm to room temperature, stirred for 2 hours and
then heated to 60°C overnight. The mixture was cooled to 0°C and quenched with
an aqueous saturated NHaCl solntion. The aqueous phase was extracted with
CH2Clz (5 times) and the organic éxtracts were collected, dried (Naz2S04), and
concentrated. The crude product was purified by HPLC. LC/MS m/z391.2 -
(MH+), Re 2.35 minutes.

| Example 48

Eihyl .{5- [3-(dimethylamino) pyrrolidin-1-yi}-3 H-imidazo[4,5-b]pyridin-2-
yl}acetate :

6-chloro-3-nitro-2-amivopyridine (1.0 eq) and 3-
(dimethylamino)pyrrolidine (1.1 eq) were dissolved in CHs:CN and
diisopropylethylamine{2.0 eq) was added. The reaction mixture was heated at 70°C
overmght. The solution was cooled to rocom temperature, and the sclvent was
evaporated. The residue was triturated with ether and water and dried under
vacuum (LC/MS m/z 252.2 (MH+), R 1.09 minutes). The isolated product (1.0
eq) and 10% Pd/C (0.1 eg) were suspended in anhydrous EtOH at room
temperatare. The reactiop flask was evacuated and subseqguently filled with Ho.
The resulting mixture was allowed to stir under a hydrogen atmosphere overnight.
Ethyi 3-ethoxy-3-iminopropanoate hydrochloride (2.6 eq) was then added and the
resulting mixture was heated at reflux overnight. The solution was then filtered
through Celite and evaporated under reduced pressure. The residue was suspended
in CH2CLz and concentrated NH:OH was added untii a pH of 11 was achieved. The
NH4C1 thus formed was filtered off. The two phases were separated, and the

organic phase was dried (Na:804). Evaporation of the solvent and trituration of the
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residue with ether gave a light green powder. LC/MS m/z 318.1 (MH+), R 1.11

minufes.

4-Amino-3-{5-{3-(dimethylamino) pyrrolidin-1-yl}-3H-imidazo[4,5-b] pyridin-2-
yi}quinolin-2(1H)-one

LiHMDS (3.5 eq) was added to ethyl {5-3-
(dimethylamino)pyrrolidin-1-yl}-3H-imidazo[4,5-bipyridin-2-yl}acetate (1.0 eq) in
THF at -40 °C. Afier 10 minutes, a solution of 2-aminobenzenecarbonitrile (1.1
eq) in THF was added. The resulting mixture was allowed to warm to room
temperature, stirred for 1 h and then heated to 60 °C overnight. The mixture was

cooled to room temperature and quenched with NH4CI (aq, saturated). The aqueous

- phase was extracted with CH2Ch (5 times). The produet erashes out of the organic

solution during the extractions. Evaporation of the solvent under reduced pressure
afforded a brown solid that was triturated repeatedly with MeOH and acetone to

obtain a yeliow greenish powder. LC/MS m/z 350.2 (MH+), Rs 1.48 minutes.

Example 49
2-(4-Ethylpiperazinyl)-6-nitrobenzenecarhonitrile
2,6-Dinitrobenzenecarbonitrile (1.0 eq) and ethylpiperazine (3.6 eq)
were dissolved in DMF. The resulting solution heated at 9G°C for 2 hours. The
solution was cooled to room temperature and poured into H20. A precipitate
formed which was filtered to yield the desired product as a browsn solid. LC/MS
m/z 260.1 (MH+), R 1.69 minutes.

6—Amino-2—(4-eth§lpiperazinyl)benzenecarbonitrile

A 2-(4-Ethylpiperazinyl)-6-mitrobenzenecarbonitrile (1.0 eq) was
dissolved in FtOH and EtOAc. The flask was purged with Nz, and 10% Pd/C (0.1
eq) was added. The flask was evacuated and purged with Hz three times. The
resulting mixture was stired overnight at room temperature. The mixture was

filtered through Celite, and the filfer pad was washed with EtOAc. The solvent was
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reinoved in vacuo to provide the desired product as a yellow solid. LC/MS m/;

231.2 (MH+), R 1.42 minutes.

4-Amino-3-(1H-benzimidazol-2-yl)-5-(4-ethylpiperazio-1-yl}quinolin-2(1H)-one
t-Buli (3.1 eq) was added to ethyl! 2-benzimidazol-2-ylacetate (1.0
eq) and 6-amino-2-(4-ethylpiperazinyl)benzenecarbonitrile (1.0 eq) in THF at 0°C.
The reaction was stirred overnight. The resulting mixture was quenched with
NH4ClI (aq, saturated) and extracte  with EtQOAc. The combiped organic layers
were washed with HzQ and brize, dried over Na:SOs, filtered, and concentrated iz
vacuo 1o yield a brown solid. The crude material was triturated with CH2Clz and

MeOH to provide a tan solid. LC/MS m/z 389.1 (MH--), R/ 1.80 minutes.

" Examples 50-154

The 2-aminobenzonitriles ot isatoic anhydride starting materials used
to synthesize Examples 50-154 are readily recognizable by one skilled in the art.
They were either commercially available or synthesized following the examples
shown above {e.g. Examples 1, 2, and 49). The anhydride 6-chloro-1-
(phenylethyl)-2H-3, 1-benzoxazine-2 ,4(1H)-dione was synthesized following the
general isatoic anhydride synthesis methods described in J. Med. Chem. 1981, 24
(6), 735 and J. Heterocycl. Chem. 1975, 12(3), 565.

The benzimidazole acetates were formed by reacting aryl diamines
with ethyl 3-ethoxy-3-iminopropanoate hydrochloride as shown in Example 1. The
requisite diarcines used in the syntheses are also readily recogrizable by one skilled
in the art and may be synthesized following Methods 1-9. The isatoic anhydrides
were coupled with the benzimidazole acetates using methods C and D. The 2-
aminobenzonitriles were coupled with the benzimidazole acetates using method B,

the coupling method of example 49, or the general procedure set forth below.
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Method E

THF (at a constant temperature ranging from -78°C to 0°C). After 20 minutes, a

mixmre was allowed to warm to room terperature, stirred for 1-3 hours and was
then heated to approx. 40°C - 65°C (1 hour to 12 hours). The mixture was cooled
to 0°C and quenched with NH4Cl (aq, saturated). The aqueous phase was extracted
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LiHMDS (3-4 eq) was added to the benzimidazole acetate (1.0 eq) in

- solution of the 2-aminobenzonitrile (1.1 eq) in THF was then added. The resulting

with CH2Ck or EtQAc, and the organic extracts were collected, dried (NaaSQ4),

and filtered. Evaporation of the solvent under reduced pressure and purification of

the residue by silica gel chromatography or HPLC provided the 4-amino

quinolinone products.

Exampie

Name

LC/MS mi/z
{MH+) -

50

Zamino-3-5-1(35) 3
{dimethylamino)pyrrolidin-1-y{]-1H-"
benzimidazoi-2-yliquinolin-2{1H}-one

389.4

51

4-[{3S}-1-azabicyclof2.2.2joct-3-ylamino]-3-
{1H-benzimidazol-2-yl}-6-chloroquinalin-
2(1H)-one.

420

52

4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-
3-(1H-benzimidazol-2-yl}-6-chloroquinolin-
2(1H)-one

420

53

3-(1H-benzimidazol-2- yl)—4 -I(3R)-3-
{dimethylamino)pyrrolidin-1-yllquinotin-
2(1H)-one

374.2

54

3-(1H-benzimidazol-2-yi)-6-chloro-4-{{(3R}-
3-{dimethylamino}pyrrolidin-1-yf]quinolin-
2{1H)-one

408.1

55

4-amino-3-15-(4-ethylpiperazin-1-yi}1H-
benzimidazol-2-yl]-1-methylguinolin-2{1H)-
one

403.2

56

4-amino-3-(6-piperazin-1-yl-1H-
benzimidazol-2-yiauinelin-2(1H)-cne

361.2

57

4-amino-3-[6-(pyridin-4-yImethyi)-1H-
benzimidazol-2-yljquinolin-2(1H)-one

368.2

58

4-amino-3-{5-[(3R,58}-3,5-
dimethylpiperazin-1-yl}-1H-benzimidazol- 2-

yltquinolin-2(i1H}-one

389.4
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59

4-amino-3-[5-{4-methylpiperazin-1-yl}-1H-
benzimidazol-2-yijquinolin-2(1H)-one

375.2

60

4-gmino-3~(6-methyl-5-morpholin-4-yi-1H-
benzimidazol-2-yl)quinolin-2(1H)-one

376

61

4-amino-3-{5-[{1-methyipiperidin-3-yl)oxy}-
1H-benzimidazol-2-yl}quinolin-2{1H)-one

390.1

62

4-amino-34{5-[(2R,65)-2,6-
dimethylmorpholin-4-yi]-6-fluoro-1H-
benzimidazol-2-yllquinotin-2(1H}one

-408.2

63

4-amino-3-{5-[(1-methylpyrrolidin-3-yhoxy]-
1H-benzimidazol-2-yijquinolin-2(1H)-one

376.2

64

4-amino-3-[5-{4-methyl-1,4-diazepan-1-yl)-
1H-benzimidazol-2-yllquinolin-2{1H)-one

389.2

65

4-amino-3-{5-[(3R}-3-
(dimethylamino)pyrrolidin-1-yl]-1H-
benzimidazol-2-yl}quinolin-2(1H}-one

389.2

66

4-amino-6-chloro-3-{5-{(3R)-3-
{dimethylamino)pyrrolidin-1-yl}-1H-
benzimidazol-2-yl}quinolin-2(1H)-one

423

67

ethyl {4-[2-(4-amino-2-0x0-1,2-
dihydroquinotin-3-yi)-1H-benzimidazol-6-
yilpiperazin-1-yliacetate

4472

68

4-amino-3{6-[methyi(1-methylpiperidin-4-
yhamine]-1H-benzimidazol-2-yl}quinolin-
2(1H)-one "

403.1

69

3-[6-(4-acetyipiperazin-1-yi)-1H-
benzimidazol-2-yi}-4-aminoquinolin-2(1H}-
ohe

403.3

70

4-amino-3-[6-(1,4-bipiperidin-1'-yl)~1H-
benzimidazol-Z-yliquinolin-2(1H}-one

443.3

71

2-{4-amino-2-oxo-1,2-dihydroquinotin-3-yl)-
1H-benzimidazole-6-carboxylic acid '

321.2

72

4-amino-5-{methyloxy)-3-[6-(4-
methylpiperazin-1-yi)-1H-benzimidazol-2-
viJquinolin-2(1H)-one

405.3

73

4-amino-3-{6-[4-{1-methylethyl}piperazin-1-
yl}-1H-benzimidazol-2-yl}quinolin-2(1H}-
one '

403.3

74

{4-[2-(4-amino-2-oxo-1,2-dihydroquinolin-3-
vi}-1H-benzimidazol-6-yl]piperazin-1-
vilacetic acid

419.2

75

4-{(3S)-1-azabicyclo{2.2.2]oct-3-ylamina)-3-
{1H-benzimidazol-2-yl)quinclin-2(1H)-one-

386.1

76

4-J{3R)-1-azabicyciof2.2.2}oct-3-ylamino]-
3-{1H-benzimidazoi-2-yl)quinolin-2(1H)-one

386.1

77

4-amino-3-[5-(4-ethylpiperazin-1-yi}-1H-

benzimidazol-2-yllquinolin-2(1H)-one

389.1
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78

4-amino-3-{5-{(2S,58)-2-
[{dimethylamino)methyi}-5-
methyimorpholin-4-yi}-1H-benzimidazol-2-
ylquinolin-2{1H)-one

433.3

79

4-amino-6-chioro-3-{5-(4-methylpiperazin-
1-yh)-1H-benzimidazol-2-yilquinclin-2{1H)-
one :

408.2

80

4-amino-6-chioro-3-(5-[(38)-3-
{dimethylamino)pyrrolidin-1-yi}-1H-
benzimidazol-2-yl}guinoiin-2{1H)-one

423.1

&1

4-amino-5,6-dichloro-3-{5-[(35)-3-
{dimethylamino)pyrrolidin-1-yl]-1H-
benzimidazol-2-yl}guinolin-2(1H)-one

457.2

82

4-amino-5,6-dichloro-3-[5-(4~
methyipiperazin-1-yi}-1H-benzimidazol-2-
yliguinolin-2(1H)-one

4432

83

4-amino-3-(1H-benzimidazol-2-yl}-6-
[(pyridin-2-vimethyljoxy]quinolin-2{1H)-one

384.2

84

4-amino-3-(1H-benzimidazol-2-yl}-6-
K2R,68)-2,6-dimethyimorpholin-4-
yllquinolin-2{(1H)-one

390.1

85

4-amino-3-(1H-benzimidazol-2-yl)-6-
morpholin-4-yigquinolin-2(1H)-one

362.2

86

4-amino-3-(1H-benzimidazol-2-y)-5-[(1-
methylpiperidin-3-ylloxy]quinolin-2(1H)-one

390.2

87

. [4-amino-3-(1H-benzimidazol-2-yl)-5-

[{pyridin-2-ylmethyi)oxyiquinolin-2(1H)-one

384.1

88

4-amino-3-(5-morpholin-4-y-1H-
benzimidazol-2-y1)-5-[(pyridin-4-
yimethylJoxyiquinolin-2(1H}-one

469.2

59

4-amino-3-{1H-benzimidazol-2-yi}-5-
(methyloxy)quinolin-2({1H}-one

307.1

90

4-amino-3-(5-methyi-1H-benzimidazol-2-
vI}-5-(methyloxy Yquinolin-2{1H)-one

321.1

91

4-amino-3-{5-[(2R,6S)-2,6-
dimethylmorpholin-4-yl}-1H-benzimidazol-
2-yl}-5-(methyloxy)quinolin-2(1H)-one

420.2

92

4-amino-3-(1H-benzimidazol-2-yI)-5-
morphalin-4-ylguinolin-2(1H}-one

362.2

93

4-amino-3-(1H-benzimidazol-2-yl)-5-
[(2R,68)-2,8-dimethylmorpholin-4-
yilauinolin-2(1H)-one

390.2

94

4-amino-3-(1H-benzimidazol-2-yi)-5-(4-
miethylpiperazin-1-yhiguinolin-2(1H}-one

375.1

85

4-amino-5,8-dichioro-3-{5-morpholin-4-yi-

1H-benzimidazol-2-yi)quinolin-2(1H)-one

430
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96

3-{5-[(2-morpholin-4-yiethyl)oxy]-1H-
benzimidazol-2-yi}quinolin-2(1H)}-one

391.3

97

4-amino-3-{5-{(3-pytrolidin-1-yipropyljoxyj-
1H-benzimidazol-2-yf}quinolin-2(1H}one

404

98

4-amino-3-{5-{{3-morpholin-4-ylpropyloxy]-
1H-benzimidazol-2-yl}quinolin-2(1H)-one

420.4

99

4-amino-6-fluoro-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yl)quinolin-2(1H)-one

380

100

4-amino-3-{5-[3-(dimethylamino)pyrrolidin-
1-vi]-1H-benzimidazol-2-yl}-6-
fluoroguinolin-2(1H)-one

407

1014

4-amino-3-(1H-benzimidazol-2-yl}-6-
fluoroguinolin-2(iH)-one

205

102

4-amino-3-(B-fluoro-5-morpholin-4-yl-1H-
benzimidazol-2-yl)quinolin-2(1H)-one

380

103

4-amino-3-{5-[{tetrahydrofuran-2-
ylmethyl)oxyl-1H-benzimidazol-2-
vitquinolin-2{1H)}-one

377

104

4-amino-6-flloro-3-(6-fluoro-5-morpholin-4-
yI-1H-benzimidazol-2-yh)quinolin-2(1H)-one

398

105

yt)-1H-benzimidazol-2-yllquinclin-2(1H)-
one '

4-amino-3-{6-fluoro-5-(4-methylpiperazin-1-|

393

106

4-amino-3-(5-{f2-{methyloxy)ethylloxy}-1H-
benzimidazol-2-yl}quinolin-2(1H)-one

351

167

4-amino-3-j4,6-difluoro-5-(4-
methylpiperazin-1-yl}-1H-benzimidazoi-2-
yl]guinolin-2{1H}-one

411

108

4-amino-3-{5-[3-(dimethylamino)pyrrolidin-
1-yl}-1H-benzimidazol-2-yl}-5-
fluoroquinolin-2(1H)-one

407 1

109

4-amino-5-fluoro-3-[5-(4-methylpiperazin-1-
yb)-1H-benzimidazol-2-yi]Jguinolin-2(1H}-
one :

393.1

110

4-amino-5-chioro-3-[5-(4-methyipiperazin-
1-yl}-1H-benzimidazol-2-yi|quinotin-2(1H)-

‘jone

409.1

11

4-amino-3-{5-[3-(dimethylamino)pyrrolidin-
1-yi]-6-fluoro-1H-benzimidazol-2-
ylquinolin-2(1H)-one '

407.1

112

4-amino-5-chloro-3-{5-[3-
{dimethylamino)pyrrolidin-1-yi]-1H-
benzimidazol-2-yllquinolin-2{{H)-one

4234

113

4-amino-6-chloro-3-{5-{3-
(dimethylamino)pyrrolidin-1-y{}-6-fluoro-1H-

benzimidazol-2-yliquinolin-2{1H}-one

441
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114

4-amino-5-[(2R,68)-2,6-dimethylmorpholin-
4-yf]-3-(3H-imidazof4,5-b]pyridin-2-
yhguinelin-2(1H)-one_

331.2

115

4-amino-3-(6-thiomorpholin-4-yl-1H-
benzimidazol-2-yl)quinolin-2(1H)-one .

378.4

116

4-amino-3*[5-(4-cyclohexy!piperazin-1—yl)—
1H-benzimidazol-2-yljquinolin-2(1H)-one

443 .1

117

4-amino-3-{6-[3-(diethylamino)pyrrolidin-1-
yli-1H-benzimidazol-2-yl}quinoiin-2(1H)-
one

4171

118

4-amino-3-[6-(4-pyridin-2-ylpiperazin-1-yl}-
1H-benzimidazol-2-yllquinolin-2{1H}-one .

438.3

119

4-amino-3-[5-(4-methylpiperazin-1-yl)-3H-
imidazol4,5-b]pyridin-2-yljouinolin-2(1H)-
one

376.3

120

4-amino-6-chlore-3-[5-(4-methyipiperazin-
1-yI)-1H-imidazof4,5-blpyridin-2-yllquinolin-
2{1H)-one :

410.2

i21

2-(4-amina-2-oxo-1,2-dihydroguinolin-3-vi)-
N-methyl-N-(1-methyipiperidin-4-yl)-1+-
benzimidazole-5-carboxamide

4313

122

4-amino-3-(5-{I4-(1-methylethyl)piperazin-
i-yilearbonyl}-1H-benzimidazol-2-
yiguinolin-2(1H)-one

431.3

123

4-amino-3-{5-(4-methylpiperazin-1-yi}-1H-
benzimidazol-2-ylj-6-nitroquinolin-2{1H}-
one ]

420.2

124

4-amino-3~{5-(1,4"-bipiperidin-1'-
ylcarbonyl)-1H-benzimidazol-2-yljquinofin-
2(1H)-cne

4711

125

4-amino-3-{5-[(4-methylpiperazin-1-
yl)carbonyll-1H-benzimidazol-2-yliquinolin-
2(1H}-one

403.3

126

4-amino-3-[5-(1-oxidothiomorpholin-4-yi}-
1H-benzimidazol-2-yllquinolin-2(1H)}-one

394.5

127

3-{5-[(4-acetylpiperazin-1-yl)carbonyi]-1H-
benzimidazol-2-yl}-4-aminogquinolin-2( 1H)-
one

431.3

128

A-amino-3-(5-{[{3R)-3-
(dimethylamino)pyrrotidin-1-ylJcarbonyi}-

1H-benzimidazol-2-yl}gquinolin-2{1H)-one

417.4
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129

4-amino-3-(5-{[(35)-3-
(dimethylamino)pyrrolidin-1-ylicarbonyl}-
1H-benzimidazol-2-yl)quinolin-2(1H)-one

4174

130

4-amino-3-{5-{[4-(dimethylamino)piperidin-
1-yilcarbonyl}<1H-benzimidazol-2-
ylquinolin-2{t1H)-one

4314

131

methyl 2-(4-amino-5-fluoro-2-oxo-1,2-
dihydroquinolin-3-yl}-1H-benzimidazole-6-
carboxylate

353.2

132

4-amino-3-[5-(1,3-bipyrrolidin-1-yl)-1H-
benzimidazol-2-yijquinolin-2(1H}-cne

415.5

133

4-amino-3-[5-(pyridin-3-yloxy}-1H-
benzimidazol-2-yljquinolin-2(1H)-one

370.2

134

4-amino-5,6-bis(methyloxy)-3-{5-(4-
methytpiperazin-1-yl)-1H-benzimidazol-2-
yllquinolin-2(1H}-one

435.5

135

2-(4-amino-2-oxo-1,2-dihydroquinolin-3-yi}-
N-[2-(dimethylamino)ethyl}-N-methyl-1H-
benzimidazole-5-carboxamide

405.3

136

2-(4-amino-2-oxo-1,2-dihydroquinolin-3-yi)-
N-methyl-N-(1-methyipyrrolidin-3-yl)-1H-
benzimidazole-5-carboxamide '

417.2

137

4-amino-3-{5-{(5-methyi-2,5-
diazabicyclo[2.2.1]hept-2-y)carbonyl]-1H-
benzimidazol-2-yi}quinolin-2(1H}-one

4152

138

4-amino-3-{5-{(4-cyclohexylpiperazin-1-
ylcarbonyl]-1H-benzimidazol-2-ylquinolin-
2(tH}-one

471.6

139

4-amino-3-{5-{(2-piperidin-1-ylethyl)amino]-

| 1H-benzimid azol-2-yilquinolin-2(1H)-one

403.2

140

ethyt 4-{[2-(4-amino-2-oxo-1,2-
dihydroguinolin-3-yl}-1H-benzimidazol-5-
vllamino}piperidine-1-carboxylate

4473

141

4-amino-3-[5-{({(5R)-5- _
[{methyloxy)methyllpyrrolidin-3-yl}amino)-
1H-benzimidazol-2-vllquinolin-2(1H)-one

405.2

142

4~amino-3-{5-[(pyridin-2-yimethyh)amino]-
1H-benzimidazol-2-yl}quinolin-2(1H)-one

383.3

143

4-amino-3-[5-(piperidin-3-ylaminoc)-1H-
benzimidazol-2-yljquinolin-2(1H)-one

375.2

124

4-amino-5-fluoro-3-{5-[{pyridin-2-
ylmethyt)amino}-1H-benzimidazol-2-

yllquinolin-2(1H)-one

401.3
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145

ethyl 4-{[2-{4-amino-5-fluoro-2-oxo-1,2-
dihydroquinolin-3-yl}-1H-benzimidazol-5-
yilamino}piperidine-1-carboxylate

4655 T

146

4-amino-5-fluore-3-[5-(piperidin-3-ylamino)-
1H-benzimidazol-2-yflquinolin-2(1H)-one

383.3

147

4-amino-3-(1H-benzimidazol-2-y})-6-
bromoguinolin-2(1H)-one

3571

148

4-amino-~3-(1H-benzimidazol-2-yl)-7-
bromoguinolin-2(1H)-one

357.1

149

4-amino-3-(5-bromo-1H-benzimidazoi-2-
viiquinolin-2(1H}-one '

35714

150

N,N-dimethyl-2-(2-oxo-1,2-dihydroquinolin-
3-yi}-1H-benzimidazole-5-carboxamide

3331

151

4-amino-3-(5-thien-2-yl-1H-benzimidazoi-2-
vi)quinolin-2(1H)-one

-359.2

152

2-(4—amiﬁo-2—-0xo—1 2-dihydroguinolin-3-yl)-
N,N-dimethyl-1H-benzimidazole-5-
sulfonamide

3841

1563

4-amino-6-iodo-3-[5-(4-methylpiperazin-1-
yh)-1H-benzimidazol-2-yllquinolin-2{1H)-
one

501.1

154

4-amino~-3-(5-{2-[(dimethylamino)methyl]-
morpholin-4-yi}-1H-benzimidazol-2-

yliquinolin-2(1H)-one

419.2

Examples 155-270

Examples 155 to 270 shown in the following Table were synthesized

using the methods described above such as Methods 1-15 and those set forth in the

5  Schemes and other Examples or modified as apparent to one of reasonable skill in

the art using commercially available materials.
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Example

Name

LLC/MS mi/=z
(MH+)

155

4-[(3R)-1-azabicyciof2.2.2)oct-3-ylaminc]-
3~(1H-benzimidazol-2-yi}-7-chloro-6-
jodoguinalin-2(1H)-one

547

156

[4-1(3R)-1-azabicyclof2.2.2)oct-3-ylamino]-

3-(1H-benzimidazol-2-y!)-6-nitroquinolin-
2(1H)-one '

431

157

4-{(3R)-1-azabicyclo[2.2.2]oct-3-ylamino}-
3-(1H-benzimidazoi-2-yl)-6-methylguinolin-
2{1H}-one

401

158

4-[(3R)}-1-azabicy.. 9{2.2.2]oct-3-ylamino}-
3-(1H-benzimidazol-2-y1}-6,7-
diflucroquinolin-2(1H}-one

422

1569

4-[(38)-1-azabicyciof2.2.2Joct-3-ylamingc}-3-
{1H-benzimidazol-2-yl}-7-chlorogquinolin-
2(1H)-one

421

160

4-{(3R)-1-azabicyclo}2.2.2]oct-3-ylamino]-
3-(1H-benzimidazol-2-y1)-6-bromoquinolin-
2(1H}one

465

161

4-[(3R)}-1-azabicyclo[2.2.2]oct-3-ylamino]-
3-(1H-benzimidazol-2-yl}-2-oxo-1,2~
dihydroguinoline-6-carbonitrile

411

162

4-[(3R}-1-azabicyclo[2.2.2]oct-3-yiamino}-
3-(1H-benzimidazoi-2-yl}-6-fiuoroguinolin-
2(1H)-one ‘

404

163

4-[(3S }-1-azabicyclo[2.2.2]oct-3-ylamino]-3-
{1H-benzimidazol-2-y1)-6,7~
bis{methyloxy)guinoiin-2(1H)-one

447

164

4-[(3R)-1-azabicyclo]2.2.2]oct-3-ylamino}-
3-(1H-bzrzimidazol-2-yl)-6,7-
dichloroguinolin-2{1H}-one

455

165

1-{4-{(3S)-1-azabicyclo[2.2.2]oct-3-
ylamino]-3-(1H-benzimidazol-2-yi}-6-fiuoro-
2-oxo-1,2-dihydroquinotin-7-vijpiperidine-4-
carboxamide

531

166

4-[{(38)-1-azabicyclo[2.2.2}joct-3-ylamino]-3-
(1H-benzimidazol-2-y)-6-fluoro-7-[(3-
hydroxypropyllamino]quinolin-2(1H)-one

478

167

4-[(338)-1-azabicyclof[2.2 . 2Joct-3-ylamino}-3-
(1H-benzimidazol-2-y!)-7-(dimethylamino)-
B-fluoroquinolin-2{1H)-one

448

168

4-[(3R)-1-azabicyclo[2.2.2Joct-3-ylamino]-
3-(1H-benzimidazol-2-yl)-5-fluoroguinolin-

2(1H)-one

404
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169

4-[(3R)-1-azabicyclo[2.2. 2}oct-3-ylamino]-
3-(1B-benzimidazol-2-yl}-6-(4-
nitrophenyl)guinolin-2{1H)-one

- 508

176

4-[(38)-1-azabicyclo[2:2.2]oct-3-ylamino}-3-
(1H-benzimidazol-2-y1}-7-{[2-
(dimethylamino)ethyi]lamino}-6-
fluoroquinolin-2(1H)-one '

491

171

4-[(3S)-1-azabicyciof2.2.2]oct-3-ylamino}-3-
{1H-benzimidazol-2-yl)-6-fluoro-7-(1H- .
imidazol-1-yHquinolin-2{1H)-one

471

172

4-{{3R)-1-azabicyclo[2.2. 2]Joct-3-ylamino]-
3-(1H-benzimidazol-2-yl}-6-{4-
(methytoxy)phenyliguinolin-2{1H}-one

483

173

4-1{38}1-azabicyclo[2.2.2)oct-3-ylamino]-3-
{1H-benzimidazol-2-yh)-6-fluoro-7- - -
morpholin-4-yiquinolin-2{1H)-one

480

174

4-[(3R}-1-azabicycio]2.2.2]oct-3-yiaminaol-
6, 7-difluero-3-(3H-imidazo{4, 5-b}pyridin-2—
yhquinolin-2{1H}-one

423

175

4-[(3R)-1-azabicyclo[2.2.2]oct-3- ylamlno]
3~(1H-benzimidazol-2-yl}-6-(3-
nitrophenyl)quinolin-2(1H}-one

508

176

[1-[4-1{3S)-1-azabicyclo[2.2.2]oct-3-

ylamino}-3-{1H-benzimidazoi-2-yt}-6-fiuoro-
2-oxo-1,2-dihydroguinolin-7-yl]piperidine-3-
carboxamide

531

177

4-{(38)-1-azabicyclo{2.2. 2]Joct-3-ylaming]-3-
(1H-benzimidazol-2-yi}-5-methylquinolin-
2(1H)-one

401

178

-tazabicyclol?.2 2joct-3-ylamino]-3-(3H-

6-(3-acetylphenyl)-4-[(3R)-1-

tmidazol4,5- b]pyridin—2~yl)quin0lin~2(1 H)Y
one

506

179

4-1(38)- 1-azab|cycio[2 2.2]oct-3-ylamino}-3-
{1H-benzimidazol-2-yl}-5-chioroquinoiin-
2(1H}one

421

180

4-[(3R)-1-azabicyciof2.2.2}oct-3-yiamino]-
6-fluorc-3-(3H-imidazo[4,5-b]pyridin-2-yt)-
7-morpholin-4-ylquinolin-2(1H)-one

491

181

. jone

4-{{358)-1-azabicyclo[2.2.2}oct-3-ylamino]-3-
{1H-benzimidazol-2-y1)-7-
{cyclopropylamino)-6-fluoroguinolin-2(1 H}

460

182

N-{3-[4-{(3R}-1-azabicyclof2.2.2]oct-3-
ylamino}-3-(3H-imidazo[4,5-b]pyridin-2-yi)-
2-oxo-1,2-dihydroquinofin-6-

viiphenyllacetamide

521
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183

4-{(3SH1 -azabicydo[Z.2.2}oct—3-ylamino}-3a
{1H-benzimidazol-2-y1}-6-fluoro-7-(4-
methylpiperazin-1-yllquinolin-2{1H)-one

503

184

4-[(3R}+1-azabicyclof2.2.2joct-3-ylamino]-
6-flucro-7-(1H-imidazol-1-y1)-3-(3H-
imidazo[4,5-bjpyridin-2-yl)quinolin-2(1H)-
one

472

185

4-[(35)-1-azabicycio[2.2.2joct-3-yiamino]-3-
(1H-benzimidazol-2-yl}-6-flucro-7-[(2-
pyridin-2-ylethyl)amincjquinolin-2(1H)-one

525

186

4-[{(38)-1-azabicyclof2.2.2}oct-3-ylamino]-3-
{1H-benzimidazol-2-yl}-6-flucro-7-piperidin-
1-ylguinolin-2(1H)-one

488

187

6—chIoro~3«(3H-im:dazo[4,5—b}pyndm-2»
ylguinolin-2(1H)-one

208

188

ethyl 1-[4-{(3S)-1-azabicyclo]2.2 2joct-3-
ylamino}-3-(1H-benzimidazol-2-yt}-6-fluoro-
2-ox0-1,2-dihydroguinolin-7-yl]piperidine-4-
carboxylate

560

189

4-[(3R)-1-azabicyclof2.2.2]oct-3-ylamino}-
3-(1H-benzimidazol-2-yl}-6-( 1-benzothien-
2-yliquinolin-2{1H}-one

519

190

4-{(38)-1-azabicyclo]2.2. 2}joct-3-ylamino]-3-
{1H-benzimidazol-2-y1}-6-fluoro-7-
pyrrolidin-1-ylguinolin-2(1H)-one

474

191

4-[(3R)-1-azabicyclo[2.2.2}oct-3-ylamino]-
3-(3H-imidazof4,5-b]pyridin-2-yi}-6-{2-
{trifluoromethyl)phenviiquinolin-2(1H)-one

532

192

4-[(3R)-1-azabicyclo[2.2.2}oct-3-ylamino]-
3-(3H-imidazo[4,5-b]pyridin-2-yi}-6-[2-
(methyloxy)phenyilguinolin-2(1H)-one

494

193

ethyt 1-[4-[(3S)-1-azabicyclo[2.2.2}oct-3-
ylaming]-3-(1H-benzimidazoi-2-yi}-5-flucro-
2-oxo0-1,2-dihydroquinolin-7-yf]piperidine-3-
carboxylate

560

194

4-[(3R)-1-azabicyclo[2.2.2}oct-3-ylaminol-
3-(1H-benzimidazol-2-yt)-6-(4-
ethylphenyl)quinotin-2(1H)-one

491

195

4-[(35)-1-azabicyclo[2.2.2]oct-3-ylaming]-3-
(1H-benzimidazol-2-yl}-6-fluoro-7-[(2-
methylpropyllamino]quinolin-2(1H}-one

476

196

4-[(3R}-1-azabicyciof2.2.2]oct-3-ylamino]-
3-(1H-benzimidazol-2-yl)-5-methylguinolin-
2{1H)-one

401

197

4-[(3R)-1-azabicyclo[2.2. 2]oct-3-yiammo]—
6-(2,4-dichlorophenyl)-3-(3H-imidazof4,5-

bipyridin-2-yl)quinolin-2(1H)-one

232
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198

4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-
3-{tH-benzimidazol-2-yt}-6-[3-
{triflucromethyl}phenyllguinolin-2{1H}-one

531

199

3-{1H-benzimidazol-2-yi)-4-
(dimethytamino)quinolin-2(1H)-one

305

200

4-hydroxy-3-(1H-imidazo[4,5-fiquinolin-2- -
yllquinolin-2{1H)}-one

328

201

4-hydroxy-3-(1H-imidazo[4,5- b]pyndln 2=
yhguinolin-2(1H)-one

279

202

4-{4-[(3R)-1-azabicyclo[2.2.2]oct-3-
ylamino}-3-(1H-benzimidazol-2-yt)-b-fluoro~
2-oxo-1,2-dihydroquinolin-6-yiihenzoic acid

525

203

4-[4-[(3R)-1-azabicyclo]2.2.2]oct-3-

ylamino}-3-(1H-benzimidazol-2-y1)-5-fluoro-
2-oxo-1,2-dihydroguinolin-6-yilbenzamide

524

204

N-{3-[4-[(3R)-1-azabicyclo[2.2.2)oct-3~
ylamino]-3-(1H-benzimidazol-2-yl}-5-fluoro-
2-oxo-1,2-dihydroguinolin-6- -
viiphenyliacetanmide

538

205

3-14-[{(3R}-1-azabicyclof2.2.2]oct-3-
ylamino}-3-(1H-benzimidazol-2-y)-5-flucro-
2-ox0-1,2-dihydroquinolin-6-yl]benzoic acid

525

206

4-14-[(3R}-1-azabicyciof2.2.2]oct-3-
ylamino}-3-{1H-benzimidazol-2-yl}-7-fluoro-
2-oxo-1,2-dihydroguinolin-6-yl]benzoic acid

525

207

N-{3-[4-{(3R}-1-azabicyclo{2.2.2]oct-3-
ylaminoj— -(1H-benzimidazol-2-y1)-7-fluoro-

2-ox0-1,2-dihydroquinolin-6-
yliphenyllacetamide

538

208

4-{(3R)-1-azabicyclo[2.2. 2Joct-3- ylammo]
3-{1H-benzimidazol-2-yl)-7-chioro-6-(2-
methylphenyliguinofin-2{1H}-one.

N

209

3-{1H-benzimidazol-2-yl}-2-ox0-1,2-
dihydroquinoline-7-carbonitrile

4-[{3R)-1-azabicyclo{2.2.2joct-3-vlaminoj- . |

411

210

4-[(3R})-1-azabicycio[2.2.2]oct-3-ylamino]-
3-(1H-benzimidazol-2-yl}-7-
{methyloxy)quinolin-2(1H)-one

417

211

[1,2-dihydroguinolin-7-yi]benzamide

4-{4-[(3R})-1-azabicyclo[2.2.2joct-3-
ylamino}-3-(1H-benzimidazol-2-yi)-2-oxo-

506

212

- |((methyloxy)guinolin-2(1H}-one

4-{(3R)-1-azabicyclo[2.2. 2}oct-3-ylamino]- |
3~{1H-benzimidazol-2-yl}-6-fluoro-7-

432

213

4-[(3R)-1~azabicyclo[2.2.2]act-3-ylamino}-
3-(1H-benzimidazol-2-yl)-6-chloro-7-

(dimethylamino)quinolin-2(1H)}-one

464
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214

4-I(3R)-1-azabicyclof2.2. 2]oct—3—ylamino]—
3-(1H-benzimidazol-2-yt}-7-
{dimethylamineg)-6-iodoquinolin-2(1H)}-one

565

215

3-[4-[(3R)-1-azabicycloj2.2.2Joct-3-
ylamino}-3-(1H-benzimidazol-2-yl}-7-(1H-
imidazol-1-yl}-2-oxo0-1,2~ dlhydroqu;noiwﬁ-
yl]lbenzoic acid

573

216

4-14-{(3R)-1-azabicyclo[2. 2. 2loct-3-
ylaminec]-3-(1H-benzimidazol-2-yt}-2-0xo-7-
piperidin-1-yl-1,2-dihydroquinolin-6--
ylibenzoic acid

590

217

4-[(3R)-1-azabicyclof2.2.2]oct-3-ylamino}-
3-(1H-benzimidazol-2~-yl}-7-(methyloxy)-6-

[4-(methylsulfonyl)phenyljquinolin-2(1H)-
one

571

218

4-[(3R)-1- azablcyofo[Z 2 2}oct-3-ylamino)-
3~(1H-benzimidazol-2-yl}-8-methylguinoclin-
2(1H)}-one

43014

219

4-[(3S)-1-azabicycio]2.2. 2]oct-3-ylamino}-3-
{1H-benzimidazol-2-yi}-6,7-difluoroquinolin-
2{1H)}-one

422

220

3-(1H-benzimidazol-2-y1)-6-methyi-4-
(piperidin-3-ylamino)quinolin-2(1H)-one

374

221

4-[(3S}-1-azabicyclo[2.2.2]oct-3-ylamino)-3-
{1H-benzimidazol-2-yl)-6-[2-
{methyloxy)phenyllquinolin-2(1H)-one

493

222

4-[(38)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-
(1H-benzimidazol-2-y1)-6-[3-
{methyloxy)phenyliguinolin-2(1H}-one

493

223

3~(1H-benzimidazol-2-y1}-6,7-difluoro4-
(piperidin-4-ylamino)quinoiin-2(1H}-one

396

224

3-(1H-benzimidazol-2-y1}-6,7-diflucro4-
(pyrrolidin-3-ylamino)quinolin-2{1H)-one

382

© 225

3-(1H-benzimidazol-2-yl}-6-chloro-4-f(3-
morphalin-4-ylpropyhaminolguinolin-2(1H)-
one

439

226

8-chioro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-yl)-4-(piperidin-4-
ylamino)quinolin-2(1H)-one

480

227

. |ylmethyhaminolquinolin-2{1 H)-one

6-chioro-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yl}-4-{{piperidin-2-

494

228

4-[(35 - 1-azabicycio[2.2. 2]oct-3-ylamino}-6-
chloro-3-(5-morphofin4-yl-1H-

benzimidazol-2-yl)quinolin-2(1H)-one

506
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229

8-chloro-3-{5-morpholin-4-yl-1H-
benzimidazol-2-yi)-4-(piperidin-3-
ylamino)quinolin-2(1H)}-cne

480

230

6-chloro-4-{[2-(dimethylamino)ethyllamino}-
3-(5-morpholin-4-yl-1H-benzimidazol-2-
yl)quinglin-2{1H)}-one

468

231

4-[(3R)-1-azabicyclo[2.2. 2]oct~3-ylamlno]
6-~chloro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-yl)quinolin-2(1H}-one

506

232

6-chioro-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yl}-4-[(piperidin-3- -
yimethyl)amino]quinolin-2{1H)}-one

494

233

8-chioro-3-(5-morphotin-4-yl-1H-
benzimidazol-2-yl)-4-[(piperidin-4-
yimethyllamino]guinolin-2{1H)-one

494

234

44{{(1R,2R)-2-aminocyclohexyljamino}-6-
chloro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-yl)quinolin-2(1H}-ocne

494

235

4-{(4-aminocyclohexyl)amino}-6-chloro-3-
{5-morpholin-4-yl-1H-benzimidazol-2-
yquinolin-2(1H)-cne

494

236

4-{I(28)-2-amino-3-methytbutyllamino}-6-
chloro-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yliquinoiin-2{1H}-cne

482

237

4-({[4-(aminomethyl)phenyllmethyllamino)-
6-chloro-3-{5-morpholin4-yl-1H-
benzimidazol-2-yl}quinolin-2(1H)-cne

516

238

6-chloro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-yl)-4-[(pyrrolidin-2-
yimethyl)aming]quinolin-2{1H)-cne

480

239.

4-{[{1R)}-1-{amincmethyl)propyljamino}-&-
chioro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-y)quinclin-2{1H)-cne

468

240

4-{[(1S)-2-amino-1-
(phenylmethyl)ethy!]am;no}«6~chloro-3 5
morpholin-4-yi-1H-benzimidazol-2-
yhquinolin-2(1H)-one

530

241

§-chloro-4-{[3-(4-methylpiperazin-1-
yl)propyljamino}-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yl)quinolin-2{1H)-one

037

242

8-chloro-3-{5-morpholin-4-yi-1H-
benzimidazol-2-yt)-4-{[1-
(phenylmethyl)piperidin-4-
yllamino}quinolin-2(1H)-one

570

243

6-chloro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-yl}-4-f(3-morpholin-4-

ylpropyhaminojquinofin-2{1H}-one

524
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244

6-chioro-3-{(5-morphofin-4-yi-1 H-
benzimidazol-2-yl}-4-{{2-piperidin-1-
yiethyhaming]quinolin-2(1H)-one

508

245

6-chioro-3-(5-morpholin-4-yl-1H-
benzimidazoi-2-yl)-4-{{pyridin-3-
yimethyhaminolguinoiin-2{1H)}-one

488

246

6-chloro-4-{[3-(1H-imidazol-1-
vipropyllamino}-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yljquinolin-2(1H)-one

505

247

6-chloro-3~(5-morpholin4-yl-1H-
benzimidazol-2-yi}-4-[(pyridin-4-
yimethyl)amino]quinolin-2(1H}-one

488

248

6-chloro-4-{{2-{methylaminojethyllamino}-

" |13-(5-morpholin-4-yl-1H-benzimidazol-2-

yliquinolin-2(1H)-one

454

249

B-chloro-4-{{(2-methyl-1-piperidin-4-yi- KTER
benzrmldazol 5-yhmethyl]lamino}-3-(5-
morpholin-4-yl-1H-benzimidazol-2- -
vi)guinolin-2(1H)-one

624

250

6-chioro-3-{5-morpholin-4-yt-1H-
benzimidazol-2-yl}-4-[(2-pyrrolidin-1-
ytethyt)amino]quinolin-2(1H)}-one

494

251

6-chloro-3-(5-morphotin-4-yl-1H-
benzimidazol-2-yl)-4-{pyrrolidin-3-
viamino)guinolin-2(1H)}-one

466

252

4-[(1R,2R)-2-aminocyclohexyllamino}-6-
chloro-3-[5-{4-methyipiperazin-1-yi)-1H-
benzimidazol-2-yflquinolin-2(1H)-one

507

253

4-{(4-aminocyclohexyl}amingl-6-chloro-3-
[5-(4-methvipiperazin-1-yl}-1H-
benzimidazol-2-yijquinolin-2(1H)-one

507

254

4-({{4-(aminomethyl)phenyl]methyi}amino)-
6-chioro-3-[5-(4-methyipiperazin-1-yl)-1H-
benzimidazol-2-yflquinolin-2(iH}-one

529

255

6-chloro-4-{[2-(methylamino)ethyllamino}-
3-[56-{(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yllquinolin-2(1H)-one

467

256

6-chloro-3-[5-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yl}-4-{[3-{4~
methyipiperazin-1 yi)propyi]ammo}qumoim-
2(1H)-one

550

257

6-chloro-3-[5-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yi}-4-{{1-
(phenylmethyb)piperidin-4-

yllamino}quinolin-2(1H)-one

583
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258

6-chioro-3-f5-(4-methylpiperazin-1-yi}-1H-
benzimidazol-2-yl]-4-[(2-pyrrolidin-1-
ylethylaminolquinolin-2{1H}-one

507

259

6-chloro-3-15-{4-methylpiperazin-1-yl}-1H-
benzimidazol-2-yl}-4-{pyrrolidin-3-
ylamino)quinolin-2{1H)-one

AT9

260

6-chioro-3-[5-(4-methylpiperazin-1-yl)}-1H-
benzimidazol-2-yil-4-(piperidin-4-
ylamino)quinolin-2{(1H}-one

493

261

6-chloro-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yi)-4-[(2-piperidin-2-
ylethyllamino]quinolin-2(1H)-one

508

262

4-[(38)-1-azabicyclo[2.2.2]oct-3-ylamino]-7-
chioro-3-(5-morphalin-4-yl-1H-
benzimidazol-2-yl)quinolin-2(1H)-one

506

263

7-chloro-3-(5-morpholin-4-yl-1H-
benzimidazol-2-yl)-4-(piperidin-3-
ylamino)guinolin-2{1H)}-one

480

264

6-chloro-3-}5-(4-methylpiperazin-1-yt)}-1H-
benzimidazol-2-yl-4-[(piperidin-2-
vimethyl)aminojquinolin-2{1H)-one

507

265

6-~chloro-3-[5-{(4-methylpiperazin-1-yi)-1H-
benzimidazol-2-y{]-4-{{(2S}-pyrrotidin-2-
yimethyllamino}quinglin-2{1H)-one

493

266

6-chloro-3-[5-(4-methylpiperazin-1-yl}-1H-
benzimidazol-2-yi]-4-{{{ZR}-pyrrolidin-2-
yimethvllamino}quinolin-2(1H)}-one

493

267

6-chloro-4-({{{(25 }-1-ethylpyrrolidin-2-
yilmethyi}amino)-3-[5-(4-methylpiperazin-1-
yl}-1H-benzimidazol-2-yllquinolin-2{1H)-
one

521

268

B-chloro-4-({[{(2R}-1-ethyipyrrolidin-2-
ylimethyt}amino)-3-[5-(4-methylpiperazin-1-
yl}-1H-benzimidazol-2-ylJquinolin-2( TH)-
one

521

269

4-[(3S)-1-azabicyclof2.2.2]oct-3-ylamino}-3-
(1H-benzimidazol-2-yl)-6-[4-
(methyloxy)phenyllquinolin-2(1H)-one

483

270

6-(3-aminophenyi)}4-{(35)-1-
azabicyclo[2.2.2]oct-3-ylamino}-3-(1H-

benzimidazol-2-ylquinolin-2(1H)-one

478
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Assay Procedures

In vitre kinase assays for recepior tyrosine kinases

The kinase activity of varions protein tyrosine kinases can be
measured by providing ATP and a suitable peptide or protein tyrosine—containing
substrate, and assaying the transfer of phosphate maoiety to the tyrosine residue.
Recombinant proteins corresponding to the cytoplasmic domains of the fit-1
(VEGFRI),‘ KDR (VEGFRZ2), ant hFGF receptors were expressed in Sf9 insect
cells using a Baculovirus expresswa system (InVitrogem) and purified via Glu
antibody interaction (for Glu-epitope tagged constructs) or by Metal Ion ‘
Chromatography (for Hiss tagged- constructs). For each assay, test compounds were
serially diluted in DMSO then mixed with an appropriate kinase reaction buffér plus
ATP. Kinase protein and an appropriate biotinylated peptide subsirate were added
1o give a final Volﬁme of 100 pl, reactions were imcubated for 1-2 hours at room
temperature and stopped by the addition of 50 ulL of 45 mM EDTA, 50 mM Hepes
pH 7.5. Stopped reaction mix (75 pL) was transferred to a sireptavidin coated
microtiter plate (Boehringer Mannheim) and incubated for 1 hour. Phosphorylated
peptide product was measured with the DELFIA time-resoived fluorescence system
{Wallac), using a Eu-labeled anti-phosphotyrosine antibody PT66 with the
modification that the DELFIA assay buffer was supplemented with 1 mM MgCl for
the antibody dilution. Time resolved fluorescence was read on a Wallac 1232
DELFIA fluorometer. The concentration of each compound for 50% ishibition

(ICs0) was calculated by non-linear regression using XL Fit data agalysis software.

Fit-1, KDR, and bFGFR kinases were assayed in 50 mM Hepes pH
7.0, 2mM MgCl., 10 mM MnClz, ] mM NaF, 1 mM DTT, 1 mg/mi BSA, 2 uM
ATP, and 0.42 uM biotin—GGGGQDGKDYIVLPI-NHz_. Flt-1, KDR, and bFGFR
kinases were added at 0.1 pg/mlL, 0.05 pg/ml, or 0.1 vug{m.L respectively.
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Each of the following compounds was synthesized and assayed using
the procedures described above:
3-{5-[2-(ethylanilinc)ethoxy}-1H-benzimidazol-2-y1}-4-hydroxy-2(1H)-quinolinone;
3-[5-(4-aminophencxy)-1H-benzimidazol-2-yj-4-hydroxy-2(1H)-quinolinone; 3-{6-
({2-(dimethylamino)ethyl](methy})amino]- 1 H-benzimidazol-2-y1}-4-hydroxy-2(1 H)-
quinolinone; 4-hydroxy-3-{5-(4-morpholinyl)-1H-benzimidazol-2-yl}-2(1H)-
quinotinone; 3-[5-(3-amino-1-pyrrolidinyl)-1H-benzimidazol-2-yl]-4-hydroxy-2(1H)-
quinoliﬁone; N,N-dimethyl-2-(2-oxo-1,2-dihydro-3-quinoliayl)- 1H-benzimidazole-5-
carboxantide; 3-{5-[2-(4-morpholinyl)ethoxy]-1H-benzimidazol-2-y!}-2(1H)-
quinolinone; 3-{5-{3-(dimethylamino)-1-pyrrolidinyl]-1H-benzimidazol-2-y1}-2(1H)-
quinolinone; 3-(1H-benzimidazol-2-y1)-2-oxo-1,2-dihydro-4-quinolinecarbonitrile;
4-amino-3-45-[2-(4-morpholinyljethoxy]-1H-benzimidazol-2-y1}-2(1H)-quinolinone;
4—amin0—3-[6~(4-morpholinyl)—lH—benzimjdazol—Zvyl]~2(1H}—quinolinone; 4-amino-
3-{6-(3-amine-1-pyrrolidinyl)-1H-benzimidazol-2-yl]-2(1H)-quinolinone; 2-(4-
amino-2-oxo0-1,2-dihydro-3-quinolinyi)-1H-benzimidazole-5-carbonitrile; 2-(4-
amino-2-0xo0-1,2-dikydro-3-quinolinyl}-N, N-dimethyi-1H-benzimidazole-5-
carboxamide; 4-amino-3-{5-[3-(dimethylamino)-1-pyrrolidinyl]-1H-benzimidazol-2-
y1}-2(1H)-quinolinone; 2-(4-aming-2-0xo-1,2-dihydro-3-quinolinyl)-1H-
benzimidazole—6—carb0ximidamide; 4-amino-3-[5-{(4-morphelinylcarbonyl)-1H-
benzimidazol-2-y1}-2(1 H)-quinolinone; 4-amino-3-[S-(1H-1,2,4-triazol-1-y1)-1H-
benzimidazol-2-y1}-2(1H}-nu aolinone; 4~amin0—3—[5—(dimethylamino)- 1H-
benzimidazol-2-y1}-2(1H)-quinolinone; 4-amino-3-[5-(1-piperidinyl)-1H-
benzimidazol-2-y1]-2(1H)-quinolinone; 4-amino-3-f5-(2-thienyl)-1H-benzimidazo}-2-
ylJ-2(1H)-quinolinone; 4-amino-3-{5-[3-(1-pyrrolidinyl)propoxyl-1H-benzimidazol-
2-yl}-2(IH)~quinoliﬂone; 4-amino-3-{5-[3-(4-morpholinyl)propoxy]-1H-
benzimidazol-2-y1}-2(1H)-quinolinone; 4-amino-3-{5-(3,5-dimethyl-1-piperazinyl)-
lH—benzumcIazol-Z-yl]-z(lﬂ) -quisolinone; 4-amino-3-[5-(2,6-dimethyl-4-
morpholinyD)- 1H-benzimidazol-2-y1]-2(1H)-quinolinone; 4-amino-3-[5- (4—methyl—1-
piperazinyl)-1H-benzimidazol-2-y1}-2(1H)-quinolinone; 4-amino-3-(1H-
benzimidazol-2-y1)-6-fhydroxy(oxido)amino]-2(1H)-guinolinone; 4-amino-3-(1H-
benzimidazol-z—yl)—}[2—&4~morpholinyl)ethoxy]-z( 1H)-quinolinone; 4-amino-3-(1H-
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beminﬁdazol»Z—yi)—ﬁ—(drmeﬂ]yl-l*piperazinyl}-ﬂIH)-quinolinene; 4-amino-3-(1H-
benzimidazol-2-y1)-5-{(1-methyl-3-piperidinyl}oxy]-2(1H)-quinolinone; 4-amino-6-
chloro-3-[5-(4-morpholinyl)-1H-benzimidazol-2-y1}-2(1H)-quirolinone; 4-amino-6-
chloro-3-{5-[3-(dimethylamino}-1-pyrrolidinyl}-1H-benzimidazol-2-y1}-2(1H)-
quinolinone; 4-amino-6-Thydroxy(oxido)amino]-3-{5-[2-(4-morpholinyl)ethoxy]-1H-
benzimidazol-2-y1}-2(1H)-quinolinone; 4-amino-5-{2-(4-morpholinyl)ethoxy]-3-{5-
[2-{4-morpholinyl)ethoxy}-1H-benzimidazol-2-y1}-2(1H)-quinolinone; 4-amino-3-
(1H-benzimidazol-2-y)-6-(2-pyridinylmethoxy)-2(1H)-quinolinene; +-amino-6-
finoro-3-[5-(4-morpholiny!)-1H-benzimidazol-2-y1]-2(1H)-quinolnone; 4-amino-3-
{5-[3-(dimethylamine)-1-pyrrolidinyl}- 1H-benzimidazol-2-y1 }-6-fluoro-2(1H)-
quinelinone; 3-(1H-benzimidazol-2-yl)-4-[(tetrabydro-2-faranylmethyl)amino]-
2(1H)-quinolinone; 3-(1H-benzimidazol-2-yl)-4-(methylamine)-2(1H)-quinolinone;
3-(1H-benzimidazel-2-yl)-4-(ethylamino)-2(1 H)-quinclinone; 3-(II;I—benzimidazol—2—
yb-4-{ [2—'(1~methyl—.2—pyrro1idiny])ethyl]amino}—2(1H)-quin0}inone; 3-(1H-
benzimidazol-2-yi)-4-[(4-piperidinylmethyljamino}-2(1H)-quinoiinene; 3-(1H~
benzimidazol-2-y})-4-{4-fluoroaniling)-2{ 1 H)-quinolinone; 4-(1-

azabicyclo{2.2 2}oct-3-ylamino}-3-(1H-benzimidazol-2-y1)-2(1H)-quinclinone; 3-
(1H-benzimidazol-2-y1)}-4-(1H-benzimidazol-6-ylamino)-2(1H)-quinolinone; 4-
anilino-3-(iH-benzimidazol-2-y1)-2(1H)-quinolinone; 3-(1H-benzimidazol-2-y1)-4-
(methoxyamino)-2{1H)-quinclinone; 3-(1H-benzimidazol-2-yl}-4-[(1H-imidazol-5-
ylmethylyaminol-2(1H)-quinctinone; 3-(1H-benzimidazol-2-yI}-4-(4-
morpholinylamine)-2(1H)-quinolinone; 3-(1H-benzimidazol-2-yl)-4-hydrazino-
2(1H)-quinolinone; 4-{1-azabicycio{2.2.2]oct-3-ylamino)-3-(1 H-benzimidazol-2-y1)-
2(1H)-quinolinone; 4-(1-azabicyclof2.2.2]oct-3-ylamino)-3-(1H-benzimidazol-2-yl)-
2(1H)-quinolinone; 4-[(2-methoxyethyl)amino}-3-[6-(4-morpholinyl)-1H-
benzimidazol-2-y1}-2(1H)-quinolinone; 4-{(2-hydroxyethyDamino}-3-[5-(4-
morpholinyl)-1H-benzimidazol-2-yi]-2(1H)-quivolinone; 4-(methoxyamine)-3-[5-(4-
morpbolinyi)-1H-benzimidazol-2-yi]-2(1H)-quinolinone; 3-{5-(4-morpholinyl)-1H-
benzimidazol—il-yl]-4-(3—piperidinylémino)-2(1H)-quinolinone; 3-[5-(4-morphokinyl)-
1H-bepzimidazol-2-yl]-4-{(3-piperidinyimethyl)amino}-2(1H)-quinolinone; 4-{[2-
(dimcthylamino)ethyl]amino}-3—[5—(4-morpholinyl)~lH-benzimidazol-Z-yI}Z(IH)-‘
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" quinolinone; 3-[S-(4-morpholiny!)-1H-benzimidazol-2-yij-4-{(tetrahyydro-2-

furanylmethyljamino}-2(1H)-quinolinone; 4-{[2-(methylamino)ethyl}jamino}-3-{5-(4-
morpholinyl)-1H-benzimidazol-2-y1}-2(1H}-quinolinone; 3-[5-(4-morpholinyl)-1H-
benzimidazol-2-y1}-4-(3-pyrrolidinylamino)-2(1H)-quinolinene; 4-[(2-a‘min0—4—
methylpentylyaming}-3-[5-(4-morpheliny})- 1 H-benzimidazol-2-y1]-2( 1H)-
quinolinone; 4-[(2-amino-3-methylbutyl)amino]-3-[5-(4-morpholinyl)-1H-
benzimidazol-2-y1-2(1H)-quinolinone; 3-(5,6-dimethyl-1H-benzimidazol-2-y)-4-(3-
piperidinylamino)-2(1H)-quinolinone; 4-{(2-aminocyclobexyl)amino]-3-[5-(4-
morpholinyl)-1H-benzimidazol-2-yI}-2(1 H)~quinolinone; 4-[(2-
aminocyclohexyl)amino]-3-[5-(4-morpholinyl)-1H-benzimidazol-2-y1}-2(11)-
guinolinone; 3~(1H~benzimidazol-2-yl)-4—hydmxybenzo[g}qumolin—z(lﬂ)ﬂnc; 4-
amino-3-(3H-imidazo[4,5-b]pyridin-2-yl)quinolin-2(1H)-one; 4-amino-3-(5-
morpholin-4-yl-3H-imidazo[4,5-blpyridin-2-yl)quinelin-2( 1 H)-one; 4-amino-3-
{(2R,08)-2,6-dimethylmorpholin-4-yl}-3-(3H-imidazo{4,5-bpyridin-2-yl)quinolin-
2{1H)-one; 4-amino-3-{5-{3-(dimethylamine)pyrrelidin-1-y1]-3H-imidazo[4,5-
b)pyridin-2-yl quinolin-2(1H)-one; 4-amino-3-{5-[(35)-3- _
(dimethylamino)pyrrolidin-1-y1}-1H-benzimidazol-2-yl}quinolin-2 (1 H}-one; 4-[(35)-
1-azabicyclo[2.2.2Joet-3-ylamino}-3-( 1H-benzimidazol-2-yl}-6-chloroquinolin-
A1H)-one; 4-[(3R)-1-azabicyclo{2.2.2}oct-3-ylamino]-3~ LH-benzimidazol-2-y1)-6-
cidoroguinolin-2(1H)-one; 3-(1H-benzimidazot-2-yI)4-[(3R)-3-

- (dimethylamino)pyrrolidin-1-yljquinclin-2(1H)-one; 3-(1H-benzimidazol-2-y1)-6-

chlorg-4-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]quinolin-2(1H)-one; 4-amino-3-[5-
(4-ethylpiperazm-1-yI)-1H-benzimidazol-2-ylj-1-methylquinolin-2(1H)-one; 4-
amino-3-(6-piperazin-1-yl-1H-benzimidazol-2-yi)quinolin-2( 1H)-one; 4-amigo-3-[6-
(pyﬁdin~4~y1methyl}1H—benzirnidazai&-yl}quinolin—Z(lH)—one; 4-ammino-3-{3-
[(3R,58)-3,5-dimethylpiperazin-1-yi]-1H-benzimidazol-2-yi} quinolin-2(1H)-one; 4-
amino-3-[5-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-ylquinolin-2(1H)-one; 4~
amino-3-(6-methyl-5-morpholin-4-yi-1 H-benzimidazol-2-yhquinolin-2(1H)-one; 4-
amino-3-{5-[(1-methylpiperidin-3-yl)oxy}-1H-benzimidazol-2-yl }quinolin-2(1H)-
one; 4-amino-3-{5-[(2R,6S)-2,6-dimethylmorpholin-4-yi}-6-fluoro- 1 H-
benzimidazol-2-y1}quinolin-2(1H)-one; 4-amino-3-{5-[(1-methylpyxrolidin-3-



10

15

20

25

30

~154-

ylyoxy}-1H-benzimidazol-2-yl}quinolin-2(1H)}-one; 4-amino-3-[5-(4-methyl-1 ,'4—
diazepan-1-yl)-1H-benzimidazol-2-yl]quinolin-2(1H)-one; 4-amino-3-{5-[(3R)-3-
(dimethylamino)pyrrolidis-1-y1}- 1H-benzimidazol-2-y1} quinolin-2(1H)-one; 4-
amino-6-chloro-3-{5-[(3R)-3-(dimethylamino)pyrrolidin-1-y1i-1 H-benzimidazol-2-
yi}quinolin-2(1H)-one; ethyl {4-[2-(4-amino-2-0x0-1,2-dihydroquinelin-3-yi)- 1 H-
benzimidazol-6-yl]piperazin-1-yl }acetate; 4-amino-3-{6-[methyl(1-methylpiperidin-
4-ylyaminoj- 1H—benzimidazol-2-yl}qﬁinolin—?.(lH_)—one; 3l[6-(4-acetylpiperazin—l—_
y1}-1H-benzimidazol-2-ylj-4-aminoquinolin-2(1H)-one; 4-amino-3-[6-(1,4'-
bipiperidin-1'-yI)-1H-benzimidazol-2-yHquinolin-2(1H)-one; 2-(4-amino-2-oxo-1,2-
diydroquinolin-3-yi)- 1H-benzimidazole-6-carboxylic acid; 4-amino-3-(methyloxy)-
3~{6-(4-methylpiperazin-1-yi)-1H-benzimidazol-2-yl]quinolin-2(1H)-one; 4-amino-3-
{6-[4—(1‘~methylcthyl)piperazinmI—yl].~IH~bcnzimidazoi-2—yl}quinoiin~2_(1H)~0ne; {4-
[2-(4-amino-2-0x0-1,2-dihydroquinolin-3-y1)-1H-benzimidazol-6-ylJpiperazin-1-
yh}acetic acid; 4-[(3S)-1-azabicyclo[2.2.2]oct-3-ylamino}-3-( 1 H-benzimidazol-2-
ylyquinolin-2(1H}-one; 4-J{(3R)-1-azabicyclof2.2.2]oct-3-ylamino]-3-(1H-

- benzimidazol-2-yhquinolin-2(1H)-one; 4-amino-3-[5-(4-ethylpiperazin-1-y1}-1H-

- benzimidazol-2-ylJguinolin-2(1H)}-one; 4-amino-3-(5-{(2S,58)-2-

: [(dirnethylanﬁnojmethyl]-S-methylmorpholin-4~y1}-1H-benzimidazol—2-yl)quinoIin~
- 2{1H)-one; 4-amino-6-chloro-3-[5-(4-methylpiperazin- 1-y1)- 1H-benzimidazol-2-

yljquinolin-2(1H)-oge; 4-amino-6-chloro-3-{5-[(38)-3-(dimethylamineo)pyrrolidin-1-
yi]—lH—benzimidazol—Z—yI}quinolinQ(iH)-one; 4-amino-3 ,6-dichloro-3-{5-{(38)-3-
(dimethylamino)pyrrolidin-1-yij-1H-bepzimidazol-2-yl}quinolin-2(1H)-one; 4-
amino-5,6-dichloro-3-[5-(4-methyipiperazin-1-yl)-1H-benzimidazol-2-yliquinolin-
2(1H)-one; 4-amino-3-(1H-benzimidazol-2-y1)-6-[(pyridin-2-ylmethyl)oxylquinotin-
2(1H)-one; 4-amino-3-(1H-benzimidazol-2-y1)-6-[(2R , 68)-2,6-dimethylmorpholin-4-
yiquinolin-2(1H)-one; 4-amino-3-( 1 H-benzimidazol-2-y1)-6-morpholin4-
yiquinolin-2(1H)-one; 4-amino-3-(1H-benzimidazol-2-yi)-5-[(1-methyipiperidin-3-
yhoxylquinolin-2(1H)-one; 4-amino-3-(1H-benzimidazol-2-y1)-5-{(pyridin-2-
yimethyloxylquinolin-2(1H)-one; 4-amino-3-(5-morpholin-4-y}-1H-benzimnidazol-2-
yD)-5-[(pyridin-4-ylmethyDoxy}quinolin-2(1H)-one; 4-amino-3-, : H-benzimidazol-2-
yD-5-(methyloxy)quinolin-2(1H)-one; 4-amino-3-(3-methyl-1H-benzimidazol-2-yl)-
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5-(methyloxy)quinolin-2(1H)-one; 4-amino-3-{5-[(2R,6S)-2,6-dimethylmorpholin-4-
yI}-1H-benzimidazol-2-y1}-5-(methyloxy)quinolin-2(1H}-one; 4-amino-3-(1H-
benzimidazol-2-yl)-5-morpholin-4-ylguinolin-2¢{1H})-one; 4-amina-3-(1H-
benzimidazol-2-y})-5-[(2R,68)-2,6-dimethylmorpholin-4-yljquinelin-2(1H)-one; 4-
amino-3-(1H-benzimidazol-2-y)-5-(4-methylpiperazin-1-y)quinolin-2(1H)-one; 4-
amine-3, 6-dichioro-3-(5-m0rphoim-4-y1-lH-benzimidazoI-Z-yl)quino1111-2( 1H)-one;
3~{5-[(2.—m0rpholin-4jﬂethyl)oxy]-1H~ben£imidazol—2—yl}quinolin—Z(lH)—one; 4-
amino-3-{5-[(3-pyrrolidin-1-ylpropylyoxy]-1H-benzimidazol-2-y1 }quinelin-2( 1 H)-
one; 4-amino—3~{5-[(3-morpholin~4-y1pr0pyI)ox'y]—1H~bchzinﬁdazol—2=yl}quinolm-
2(1H}-one; 4-amino-6-fluoro-3-5-morpholin-4-yl-1H-benzimidazol-2-yl)quinolin-
2(1H)-one; 4-amino-3-{5-[3-(dimethylamino)pyrrolidin-1-y1]-1H-benzimidazol-2-
y1}-6-fluoroquinolin-2(1H)-one; 4-amino-3-(1H-benzimidazol-2-y1)-6-
fiuoroquinolin-2(1H)-one; 4-amino-3-(6-fhzoro-5-morpholin-4-y}-1H-benzimidazol-
2-yhquinolin-2(1H)-one; 4-amino-3-{5-[(tetrahydrofuran-2-yimethyloxyl-1H-
benzimidazol-2-yl}quinolin-2(1H}-one; 4-amino-6-fiuoro-3-(6-fluero-5-morpholin-4-
yl-1H-benzimidazol-2-yl)quinolin-2(1H)-one; 4-amino-3-[6-fluoro-5-(4-
methylpiperazin-1-y1)-1H-benzimidazol-2-yl]quinolin-2(1H)-one; 4-amino-3-(3-{{2-
(methyloxy)ethylloxy}-1H-benzimidazol-2-ylyquinolin-2(1H})-one; 4-amino-3-4,6-
diflaoro-5-(4-methylpiperazin-1-yl)- 1H-benzimidazol-2-yl]quinotin-2(1H)-one; 4-
amino-3-{ 5-[3-(dimethylamino)pyrrolidin-1-y1}-1H-benzimidazol-2-y1}-5-
fluoroquinolin-2(1H)-one; 4-amino-5-fluoro-3-{5-(4-methylpiperazin-1-yl)-1H-
benzimidazol-2-yi]quinolin-2(1H)-one; 4-amino-5-chloro-3-[5-(4-methylpiperazin-1- '
yl)-1H-benzimidazol-2-yl]quinolin-2(1 H)-one; 4-aniino-3-{5-[3- '
(dimcth'ylamiao}pyrroiidin-1‘yi]-6-ﬂuoro—lH~ben_zimida.z‘ol~2—yl}quinoi'm~2(1H)~0ne;
4-amino-5-chloro-3-{5-[3-(dimethylamine)pyrrotidin-1-y!]-1H-benzimidazol -2-
yl}quinolin-2(15)-one; 4-amino-6-chloro-3-{5-[3-(dimethylamino)pyrrolidin-1-yl]-
6-fluoro-1H-benzimidazol-2-yl}quinolin-2(1H)-one; 4-amino-5-[(2R,65)-2,6-
dimethylmorpholin4-yl]-3-(3H-imidazo{4,5-b]pyridin-2-yl)quinolin-2(1H)-one; 4-
amino-3-(6-thiomorpholin-4-yl-1H-benzimidazol-2-yl)quinolin-2(1H)-one; 4-amino-
3-[5~(4~cyclohexy]piperazin~1~y1)-IH-bcnzimida_zol-z-y1]quinolin~2(1H)~0ﬁe; 4-
amino-3-{6-[3-(diethylamino)pyrrolidin-1-yi}-1H-benzimidazol-2-yl }quinolin-2(1H)-
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one; 4-amino-3-[6-(4-pyridin-2-ylpiperazin-1-y1)- 1H-benzimidazol-2-yl]guinolin-
2(1H)-one; 4-amino-3-[5-(4-methylpiperazin-1-yl)-3H-imidazo[4,5-b]pyridin-2-
ylJquinolin-2(1H)-one; 4-amino-6-chloro-3-(5-(4-methylpiperazin-1-yI)-1H-
imidazo[4,5-b}pyridin-2-yljquinolin-2(1H)-one; 2-(4-amino-2-0xo-1,2-
dihydroquinolin-3-yi)-N-methyl-N-(1-methylpiperidin-4-y1)-1H-benzimidazole-5-
carboxamide; 4-amino-3-(5-{[4-(1-methylethyl)piperazin-i-yljcarbonyl}-1H-
benzimidazol-2-yl}quinolin-2(1H)-one; 4-amino-3-[5-(4-methylpiperazin-1-y1)-1H-
benzimidazol-2-ylj-6-nitroquinolin-2(1H)-one; 4-amino-3-{5-(1,4'-bipiperidin-1'-
ylcarbonyl)-1H-benzimidazol-2-yljquinolin-2(1H)-one; 4-amino-3-{5-{(4-
methylpiperazin-1-yl)carbonyl]-1H-benzimidazol-2-yl }quinolin-2(1H}-one; 4-amino-
3-[5-(1»6Xid0thi0m01ph01in—4~yl)-IH—benzimidazok?;yl]quinolinQ(lH)—one; 3-{5-
{(4-acetylpiperazin-1-ylcarbonyl}-1H-benzimidazol-2-y1}-4-aminoguinolin-2(1H)-
one; 4-amino-3-(5-{[(3R)-3-(dimethylamino)pyrrolidin-1-yljcarbonyl}-1H-
benzimidazol-2-ylyquinokin-2(1H)-one; 4-amino-3-(5-{[(35)-3-
(dimethj;lamino)pyrrolidin—I—yl]carbony]}—lH-benzimidazol—2~yl)qumolin—2(lH)-
one; 4-amino-3-(5-{[4-(dimethylamino)piperidio-1-yljcarbonyi}- 1H-benzimidazol-2--
yhquinolin-2(1H)-cne; methyl 2-(4-amino-5-fluoro-2-ox0-1,2-dihydroquinotin-3-y1)-
1H-benzimidazole-6-carboxylate; 4-amino-3-[5-(1,3"-bipyrrolidin-1"-y1)-1H-
benzimidazol-2-yljquinolin-2(1H)-one; 4-amino-3-[5-(pyridin-3-yloxy)-1H-
benzimidazol-2-yijquinolin-2(1H)-one; 4-amino-5,6-bis(methyloxy)-3-[5-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinolin-2(1H)-one; 2-(4-amino~2—dxo—
1,2-dihydroquinolin-3-yI)-N-{2-(dimethylamino)ethyl}-N-methyl-1H-benzimidazole-
5-carboxamide; 2-(4-amino-2-0x0-1,2-dihydroquinolin-3-yl)-N-methyl-N-(1-

' methylpyrrolidia-3-y1)-1H-benzimidazole-5-carboxamide; 4-amino-3-{5-[(5-methyl-

2,5-diazabicyclo{2.2. 1]hept-2-ylcarbonyl]-1H-benzimidazol-2-y1 }quinokin-2¢ 1 H)-
one; 4-amiro-3-{5-{(4-cyclohexylpiperazin-1-yl)carbonyl]-1H-benzimidazol-2-
yi}quinolin-2(1H)-one; 4-amino-3-{5-[(2-piperidin-1-ylethyl)amino]-1H-
benzimidazol-2-y1}quinolin-2(1H)-one; ethyl 4-{[2-(4-amino-2-0x0-1,2-
dihydroquinolin-3-yl}-1H-benzimidazol-5-yljamino }piperidine-1-carboxylate; 4-
amino-3-[5-({{5R)-5-[(methyloxy)methyl]pyrrolidin-3-y1 }amino)-1H-benzimidazo}l-
2-yljquinolin-2(1H)-one; 4-amino-3-{5-[(pyridin-2-yimethyhamino}-1H-



10

15

25

30

-157-

benzimidazol-2-y1}quinolin-2(1H)-one; 4-amino-3-[5-(piperidin-3-ylamino)-1H-
benzimidazol-2-yljguinolin-2(11)-one; 4—amino—5~ﬂuoro—3-{5—{(pyridin—_ -
ylmettiyDamino]-1H-benzimidazol-2-yl}quinolin-2(1H)-one; ethyl 4-{[2-(4-amino-3-
ﬂuoro_~%~oxq—1,2—dihydroquinoiiu¥3-yl)—1H—benzin}idazol-S-yl]amj.tw}piperidine-1-
carboxylate; 4-amino-5-fluoro-3-[5-(piperidin-3-ylamine)-1H-benzimidzzol-2-
yliquinolin-2{1X)-one; 4-amino-3-(1H-benzimidazol-2-y1)-6-bromoquinolin-2(1 H)-
one; 4-amino-3-(1H-benzimidazol-2-yl)-7-bromoquinolin-2(1H)-one; 4-amino-3-(5-
bromo@H—benzimidazol—Z-yl)quinolin—Z(lH)—one; N,N-dimethyl-2-(Z-0x0-1,2-
dmyﬂrgquinolin-}yl}1H~benzimidazole—5~carboxamide; 4-amino-3-(5-thien-2-yl-
1H-benzimidazol-2-yl)quinolin-2(1 {)-one; 2-(4-amino-2-oxo-1,2-dihydroquinolin-3-
yI}-N,N-dimethy!- 1 H-benzimidazole-5-sulfonamide; 4-amino-6-iodo-3-[5-(4-
methylpiperazin—1~yi)—1H~benzi_midazoL2—y1}quinolin~2(1H)—oue; 4-amino-3-(5-{2~
[(dimethylamine)methyljmorpholin-4-yl}-1H-benzimidazol-2-y))quinolin-2( IH)-one;
4—{(3R)—l;azabicyc10{2.2.2]oct—3—ylamjno]-3~(1H-benzimidazol—z-yl)-?-clﬂoroﬁ-
iodoguinolin-2(1H}-ene; 4-[(3R)-1-azabicyclof2.2.2]oct-3-ylamino}-3-(1H-
benzimidazol-2-y1}-6-pitroquinelin-2(1H)-one; 4-[(3R)-1-azabicyclof2.2.2Joct-3-
ylamino]-3-(1H-benzimidazol-2-yi)-6-methylquinolin-2(1H)-one; 4-{(3R)-1-
azabicyclof2.2.2)oct-3-ylamino]}-3-(1H-benzimidazol-2-y1)-6, 7-diflucroquinolin-
2(1H)-one; 4-[(3S)-1-azabicyclo[2.2.2]}oct-3-ylamino}-3-(1 H-benzimidazol-2-yl)-7-
chloroquinolin-2{ 1H)-one; 4-[(3R}-1-azabicyclof2.2.2]oct-3-yiamino]-3-(1H-
benzimidazoi-2-yl)-6-bromoquinolin-2(1H)-one; 4-[(3R)-1-azabicyclof2.2.2}oct-.-
ylamino]-3-(1H-benzimidazol-2-yl)-2-ox0-1,2-dihydroquinolive-6-carbonitrile; 4-
[(3R)-1-azabicyclo{2.2.2]oct-3-ylamino}-3-(1H-benzimidazol-2-y1)-6-fluoroquinolin-
2(1H}-oune; 4-[(3S)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1 H-benzimidazol-2-y1)-
6,7-bis(methyloxy)quinoin-2(1H)-ope; 4-[(§R)—1-azabicyclo[2.2.2]0ct—3-y13.rnjno]— '
3-(1H-begzimidazol~2-yl)6,?-dichloroquinolin—Z(1H)—one; 1-[4-[(35)-1-
azabicyclo[2.2.2]oct-3-ylamino]-3-(1H-benzimidazol-2-y1)-6-fluoro-2-0x0-1,2-
di.hydroqq@:xoiin-?—yl]piperidine-él-carboxamide; 4-[(3S)-1-azabicyclo[2.2.2]oct-3-
ylamino]-3~(1H~benzimidazol-2~yi)-6-ﬂuoro-7-[(3—hydroxypropyl)éminO]quinolin—
2(1H)-one; 4-{(3S)-1-azabicyclof2.2.2]oct-3-ylamino]-3-(1H-benzimidazol-2-yi)-7-
{dimethylamino)-6-fluoroquinolin-2(1H)-one; 4-[(3R)-1-azabicyclo[2.2.2Joct-3-
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ylamino]-3-(1 H-benzimidazol-2-yl)-5-fluoroquinolin-2(1H)-one; 4-{(3R)-1-
azabicyclo[2.2.2oct-3-ylamino]-3-(1H-benzimidazol-2-y1)-6-(4-
nitrophenyl)quinotin-2(1H)-one; 4-[(3S)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H-
benzimidazol—2-yl}-7—{[2—(dimethylamino)ethyI]amino}-ﬁ-ﬂuoroquinolin-z(IH)-one;
4-[(35)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H-benzimidazol-2-y1}-6-flucro-7-(1H-
imidazol-1-yl)quinolin-2(1H)-one; ¢{(3R)-1-azabicyclo[z.2.2}0ct—3—ylamin03-3—(lH—
benzimidazol-2-yl)-6-[4-(methyloxy)phenyllquinolin-2(1H)-one; 4-{(35)-1-
azabicyclo[2.2.2]001-3—ylamin'0] {1H-benzimidazol-2-yI)-6-fluoro-7-morpholin-4-
ylquinolin-2(1H)-cne; 4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamine]-6, 7-difluoro-3-
(3H-imidazo[4,5-b]pyridin-2-yl)quinolin-2(1H)-one; 4-[(3R)-1-azabicyclo[2.2 2]oct-
3-ylamino}-3-(1H-benzimidazol-2-yl)-6-(3-nitrophenyl)quinelin-2(1H)-one; 1-[4-
[(35)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H-benzimidazol-2-y})-6-fluoro-2-oxo-
1,2-dihydroquinolin-7-yl]piperidine-3-carboxamuide; 4-[(38)-1-azabicyclo[2.2.2joct-
3-ylamino]-3-(1H-benzimidazol-2-yi)-5-methylquinolin-Z(1H)-one; 6-(3-
acetylphenyl}-4-[(3R)-1-azabicyclo[2.2.2Joct-3-ylamino}-3~(3H-imidazo[4,5-
bjpyridin-2-y})quinolin-2(1H)-one; 4-[(35)-1-azabicyclo[2.2.2]oct-3-ylaminc]}-3-

( 1H-benzimidazol—?.—y!)—S-chlofoquinolin;Z( 1H)-one; 4-[(3R)-1-
azabicyclo{2.2.Z2}oct-3-ylamino}-6-fluoro-3-(3H-imidazo[4, 5-b]pyridin-2-y1)-7-
morpholin-4-yiquinolin-2(1H)-one; 4-[(35)-1-azabicyclo[2.2.2}oct-3-ylaming]-3-
(1H-benzimidazol-2-y1}-7-(cyclopropyiamino)-6-fluoroquinolin-2(1H})-one; N-{3-{4-
{(3R)-1-azabicycto[2.2.2 loct-3-ylamine]-3-(3H-imidazo{4,5-blpyridin-2-y1)-2-oxo0-
1,2-dihydroquinolin-6-yliphenyl}acetamide; 4-{(3S)-1-azabicyclof2.2.2]oct-3-
yIamino]-B-(1H-benzimidazol—fl—yl)—6-ﬂuor0~'?—(4-methylpipérazin—l-yl)qui.uoli'n»
2(1H)-one; 4-[(3R)-1-azabicyclo[2.2.2] 0ct—3-ylamjno] ;6—ﬂuoro—7-(1H~iInidaz01~1-
y1)-3-(3H-imidazo[4,5-bjpyridin-2-yDquinokin-2{1H)-one; 4-{(35)-1-
azabicyclo[2.2.2}oct-3-ylamino}-3-(1H-benzimidazol-2-y1)-6-fluoro-7-[ (2-pyridin-2-
ylethyl)amino}quinolin-2(1H)-one; 4-[(33)-1-azabicyclo{2.2.2]oct-3-ylamino]-3-
(1H-benzimidazol-2-yI)-6-fluoro-7-piperidin-1-ylquinolin-2(1H)-one; 6-chioro-3-
(3H-imidazo[4,5-b]pyﬁdﬁ1—2fyi)quinoiin—Z(lH)-one; ethyl 1-[4-[(35)-1-
azabicyclo[2.2.2}oct-3-ylaminol-3-(1 H-benzimidazol-2-y1)-6-fluoro-2-0xo0-1,2-
dihydroquinolin-7-yljpiperidine-4-carboxylate; 4-[(3R)-1-azabicyclo[2.2.2]oct-3-
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ylamino]}-3-(1¥¥-benzimidazol-2-y1)-6-(1-benzothien-2-yl)quinolin-2(1H}-one; 4-
[(3S)-1-azabicyclo[2.2.2]oct-3-ylamino]}-3-(1 H-benzimidazol-2-y1)-6-fluoro-7-
pyrrolidin- I -ylquinolin-2(1H)-one; 4-{(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-
(3H-imidazo[4,5-b]pyridin-2-y1)-6-[2-(trifluoromethyl}phenyliquinolin-2(1H)-one;
4-1(3R)-1-azabicyclof2.2.2]oct-3-ylamino]-3-(3H-imidazo[4,5-b]pyridin-2-y1}-6-[2-
(methyloxy)phenyli]quinolin-2{(1H)-one; ethyl 1-{4-[(3S)-1-azabicycio[2.2.2]oct-3-
ylamino}-3-(1H-benzimidazol-2-y})-6-fluoro-2-0x0-1,2-dihydroguinolin-7-
yi]piperidine-3-carboxylate; 4-{(3R)}-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H-
benzimidazol-2-y1)-6-(4-ethylphenyl)quinolin-2(1 H)-one; 4-[(3S)-1-
azabicyclo[2.2.2]oct-3-ylamino}-3-(1H-benzimidazol-2-yi)-6-fluoro~7-[(2-

-methylpropyl)aminolquinolin-2{1H)-one; 4-[(3R)-1-azabicyclo]2.2.2]oct-3-

ylamino]-3-(1H-benzimidazol-2-yh)-5-methylquinolin-2(1H)-one; 4-[(3R)-1-
azabicyclof[2.2.2)oct-3-ylamino}-6-(2 ,4-dichlorophenyl)-3-(3H-imidazo{4,5-
b]pyridin-2-yhquinolin-2(1H}-one; 4-[{3R)-1-azabicycio[2.2.2]oct-3-yiamino]-3-
(1H-benzimidazoi-2-yl)-6-[3-(trifluoromethylyphenyl]lquinolin-2(1H)-one; 3-(1H-
benzimidazol-2-y1}-4-(dimethylamino}quinolin-2(1 H)-one; 4-hydroxy-3-(1H-
imidazo[4,5-f]quinolin-2-yi)quinolin-2(1H)-one; 4-hydroxy-3-(1H-imidazo{4,5-
blpyridin-2-yl}quinolin-2(1 H)-one; 4-[4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-
(1H-benzimidazol-2-y1)-5-fluoro-2-oxo-1,2-dihydroquinolin-6-ylJbenzoic acid; 4-[4-
[(3R)-1-azabicyclo[2.2.2}oct-3-ylamino]-3-(1H-benzimidazol-2-yD)-5-fluoro-2-oxo-
1 ,2—dihydroquinolinQG—yl]benzamjde; N-{Su[4- [(3R)-1-azabicycla{2.2.2]oct-3-
ylamino}-3-(1H-benzimidazol-2-yl)-5-fluoro-2-oxe-1,2-dihydroquinolin-6-
yliphenyl}acetamide; 3-[4-[(3R)-1-azabicyclo{2.2.2]oct-3-ylamino}-3-(1H-
benzimidazol-2-y!)-5-fluoro-2-oxo-1,2-dihydroquinolin-6-yi]benzoic acid; 4-[4-
[{(3R)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-( 1H-benzimidazol-2-y1)-7-fluore-2-oxo-
1,2-dihydroquinolin-6-yl]benzoic acid; N-{3-[4-[(3R)-1-azabicyclo{2.2.2]oct-3-

" ylamino}-3-(1H-benzimidazol-2-yi)-7-flucro-2-oxo-1,2-dihydroquinolin-6-

yl)phenyl}acetamide; 4-{(3R)-1-azabicyclo[2.2.2}oct-3-ylamino]-3-(1H-
benzimidazol-2-y1)-7-chloro-6-(2-methylphenyl)quinoiin-2(1H)-one; 4-[(3R)-1-
azabicyclo [2.2.2}00&3 -ylamino}-3-(1H-benzimidazol-2-y1)-2-0x0-1,2-
dihydroquinoline-7-carbonitrile; 4-{(3R)-1-azabicyciof2.2.2joct-3-ylamino}-3-(1H-
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benzimidazol-2-y1)-7-(methyloxy)quinolin-2(1H)-one; 4-[4-[(3R)-1-

“azabicyclof2.2.2}oct-3-ylamino)-3-(1H-benzimidazol-2-yl)-2-0x0-1,2-

dihydroguinolin-7-yljbenzamide; 4-[(3R)-1-azabicyclo{2.2.2}oct-3-ylamino}-3-(1H-
benzimidazol-2-y1)-6-fluoro-7-(methyloxy)quinolin-2(1H)-one; 4-[(3R)-1-
azabicyclof2.2. 2Joct-3-ylamino}-3-(1H-benzimidazol-2-yI)-6-chloro-7-
(dimethylamino)quinclin-2(1H)-one; 4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylamino}-3-
(lH-benzimidazol-fl—yl)—?—(dimethylanlino)—é;iodoquinolin—.’).(1H)-one; 3-[4-{(3R)-1-
azabicyclo[2.2.2]oct-3-ylamine}-3-(1H-benzimidazol-2-y1)-7-(1H-imidazol-1-y1)-2-
oxo-1,2-dihydroquinolin-6-ylibenzoic acid; 4-[4-{(3R)}-1-azabicyclof2.2.2]oct-3-
ylamino}-3-(1H-benzimidazol-2-y1)-2-oxo-7-piperidin-1-y1-1,2-dihydroquinolin-6-
yl]benzoic acid; 4-[(3R)-1-azabicyclof2.2.2]oct-3-ylamino]-3-(1H-benzimidazol-2- -
yl)—7~(ﬁlemy10xy)-6—{4~(methylsulfonyl)phenyl)quinolin-Z( 1H)-one; 4-[(3R)-1-
azabicyclo[2.2.2]oct-3-ylamino}-3~(1H-benzimidazol-2-yl)-8-methylquinelin-2( 1H)-
one; 4-[(3S)-1-azabicyclof2.2.2]oct-3-ylamino]-3-(1 H-benzimidazol-2-y1)-6,7-
difluoroquinolin-2(1 H}-one; 3-(1H-benzirmidazol-2-y})-6-methyl-4-(piperidin-3-
ylamino)qliinolin-?.( 1H)-one; 4-[(3S)-1-azabicyclo[2.2.2]oct-3-ylamino]-3-(1H-
benzimidazol-2-y1)-6-[2-(methyloxy)phenyljquinolin-2(1H)-one; 4-{(38)-1-
azabicyclo[2.2.Zjoct-3-ylamino}-3-(1H-benzimidazol-2-y1)-6-{3-
{methyloxy)phenyl}quinolin-2(1H)-one; 3-(1H-benzimidazol-2-y1}-6,7-difluoro-4-
(pipe:idin-éi—ylamino)éuinnii.n—2(lH)—one; 3-(1H-benzimidazol-2-y1)-6,7-difluoro-4-
(pyrrolidin-3-ylamino)guin din-2(1H}-one; 3-(1H-benzimidazol-2-y1)-6-chioro-4-[(3-
morpholin-4-ylpropyl)amino)quinolin-2{1H)-ene; 64:h]0r0-3—(5-m0rpholin4~yl-lH—
benzimidazol-2-yl)-4-(piperidin<4-ylamino)quinolin-2(1H)-one; 6-chloro-3-(5-
morpholin-4-yi-1H-benzimidazol-2-yl)-4-[(piperidin-2-yimethyl)amincjquinolin-
2(1H)-one; 4-[(3S)-1-azabicyclof2.2.2}oct-3-ylamino] -6-ch]0r0-3-(5;m0rpholih-4~y1-
1H-benzimidazol-2-y)quinolin-2(1H)-one; 6-chloro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-yl)-4-(piperidin-3-ylamino)quinolin-2(1H)-one; 6-chloro-4-{{2-
(dimethylamine)ethyllamino}-3-(5-morpholin-4-yl-1H-benzimidazol-2-yl)quinolig-
2(1H)-one; 4-[(3R)-1-azabicyclo[2.2.2]oct-3-ylarmino]-6-chloro-3-(5-morpholin-4-
yl-1H-benzimidazol-}y})qﬁinolin—Z(IH)—one; 6~chloro~3—(5—m01ph01i11—4—y1—1H-|
benzimidazol-2-ylj-4-{{piperidin-3-ylmethyl}arnino]quinolin-2(1H}-one; 6-chloro-3-
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(S-morpholin—4~yl~IH-benzimidazol-Z-yl)-4~[(pipe_ridin—4~ylmethyl)almno}quiaolm-
2(1H)-dne; 4-{[(1R,2R)-2-aminocyclohexyl)amino }-6-chloro-3-(5-morpholin-4-yi-
1H-benzimidazol-2-yl)quinolin-2{1H)-one; 4-{(4-aminocyclohexyl)aminol-6-chioro-
3-(5-morpholin-4-yl-1H-benzimidazol-2-yl)quinolin-2(1H)-one; 4-{[(25)-2-amino-3-
methyibutyl}amino}-6—chloro—3—(5—m0rpholin-4—yl-lH—benzinﬁdazoI-zﬁyl)quinoIin-
2(1H)-one; 4-({ [4-(mnjnomethyi)phenyl]methyI}amino)~6-chlom—3-(5-morpholin—4-
yl-1H-benzimidazol-2-yl)quinolin-2(1H)-one; 6-chloro-3-(5-morpholin-4-yi-1H-
benzimidazol-2-y1)-4-[(pyrrolidin-2-ylmethyl)amino]quinolin-2(1H)-one; 4-{J(1R)-1-
(aminomethyl)propyllamino}-6-chloro-3-(5-morpholin-4-yl-1H-benzimidazol-2-
yDquinolin-2(iH)-cne; 4-{[(1S)-2-amino-1-(phenylmethylethytjamino}-6-chloro-3-
{5-morpholin-4-yi-1H-benzimidazol-2-yl)quinolin-2(1 H)-one; 6-chloro-4-{{3-(4-
methylpiperazin-1-yl)propyi)amine}-3-(5-inorpholin-4-yl-1H-benzimidazol-2-
yDquinolin-2{1H)-one; 6-chloro-3-(5-morpholin-4-yl-1H-benzimidazol-2-yl)-4-{[1-
(phenylmethyl)piperidin-4-yljamino} quinolin-2(1H)-one; 6-chloro-3-(5-morpholin-
4~y1_~1H-beuzimidazol=2—yl)-4-[(3-morpholin-4—ylpropy1)amin0]quinolin-2(1H)-onc;
6-chloro-3-(5-morpholin-4-yl-1H-benzimidazol-2-y1)-4-[(Z-piperidin-1-
ylethyDaminc]quinolin-2{1H)-one; 6-chioro-3-(5-morpholin-4-yl-1H-benzimidazol-
2-yD)-4-[(pyridin-3-ylmethyllamincjquinolin-2(1H)-one; 6-chloro—4-{[3-(1H- |
imidazoi-1-y)propyljamine}-3-(5-morpholin-4-yl-1H-benzimidazol-2-yl)quinolin-
2{1H)-one; 6-chloro-3-(S-morpholin-4-yl-1H-benzimidazol-2-yl)-4-[(pyridin-4-
ylmethyi)amino]Jquinolin-2{1H)-ozne; 6-chloro-4-{{2-(methylamino)ethyljamino}-3-
(5-morpholin-4-yl-1H-benzimidazol-2-yi)quinolin-2(1H)-one; 6-chloro-4-{[(2-
methyl-1-piperidin-4-yl-1H-benzimidazol-5-yl)methylJamino}-3-(5-morpholin4-yl-
1H-benzimidazoi-2-yHquinolin-2(1H)-one; 6-chioro-3-(5-morpholin—4-yl-1H-
benzimidazol-2-yl)-4-[(2-pyrrolidin-1-ylethyl)amino]quinolin-2(1H})-one; 6-chloro-3-
(5-morpholin-4-yl-1H-benzimidazol-2-y1)-4-(pyrrolidin-3-vlamino)quinolin-2 (1 H)-
one; 4~{[(1R,2R}~2~aminocyclohexyl]amino}-tﬁ»cbloro-’o’—[5-(4—methylpiperazin-1—
yl)-1H-benzimidazol-2-yl]quinolin-2(1H)-one; 4-[(4-amocyclohexyl)amino]-6-
chloro-3-[5-(4-methylpiperazin-1-yi)- 1 H-benzimidazol-2-yi]quinolin-2{1H)-one; 4-
({{4—{aminomcthyl)phenyl]methyl}amino)-6—chior0-3—[5-(4—mcthylpiperazin~l-yl);
1H-benzimidazol-2-yllquinolin-2(1H)-one; 6-chloro-4-{[2-
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(methylamino)ethyljamino}-3-{5-(4-methylpiperazin-1-yl)-1H-benzimidazol-2-
yllquinolin-2(1H)-one; 6-chloro-3-[5-(4-methylpiperazin-1-y1)-1H-benzimidazol-2-
yi]-4-{[3-(4-methylpiperazin-1-yl)propyl]amino }quinolin-2(1 H)-one; 6-chloro-3-[5-
(4-methylpiperazin-1-yl)-1H-benzimidazol-2-y1}-4-{[ 1-(pherylmethyl)piperidin-4-
yi] ar.rﬁno}quinoﬁn-Z( 1H)-one; 6-chloro-3-[5-(4-methylpiperazin-1-y1)-1H-
benzimidazol-2-ylj-4-[(2-pyrrolidin-1-ylethyl)aminolquinolin-2(1 H)-one; 6-chloro-3-
[5-(4-methylpiperazin-1-yi)-1H-benzimidazol-2-y1}-4-(pyrrolidin-3-
ylamino)quinolin-2(1H)-one; 6-chloro-3-[5-(4-methylpiperazin-1-yI)}-1H-
benzimidazol-2-yl]-4-(piperidin-4-ylamino)quineolin-2(1 H)-one; 6-chloro-3-(5-
morpholin-4-yI- 1H-benzimidazol-2-y1}-4-[ (2-piperidin-2-ylethy)amino] quinolin-
2(1H}-one; 4-{(35)-1-azabicyclo[2.2.2]oct-3-ylamine]-7-chloro-3-(5-morpholin4-yl-
1H-benzimidazol-2-yl)quinolin-2(1H)-one; 7-chloro-3-(5-morpholin-4-yI-1H-
benzimidazol-2-yl)-4-(piperidin-3-ylamino)quinolin-2(1)-one; 6-chloro-3-[5-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-y1}-4-[(piperidin-2-
ylmethylyamino}quinolin-2(1H)-one; 6-chloro-3-[5-(4-methylpiperazin-1-yI)-1H-
benzimidazol-2-y1]-4-{[(2S)-pymolidin-2-ylmethylJamino } quinolin-2(1H)-oue; 6-
chloro-3-[5-(4-methylpiperazin-1-y1)-1H-benzimidazol-2-yl]-4-{[(2R)-pyrrolidin-2-
ylmethylJamino }quinolin-2(1H)-one; 6-chloro-4-({1{25)-1-ethylpyrrolidin-2-
yljmethyl}amino)-3-{5-(4-methylpiperazin-1-y1)-1H-benzimidazol-2-yljquinolin-
2(1H)-one; 6-chloro-4-({{{2R)-1-ethylpyrrolidin-2-yljmethyl}amiso)-3-{5-(4-
methylpiperazin-1-yl)-1H-benzimidazol-2-yljquinolin-2(1H)-one; A[(3S)-1-
azabicyclo[2.2.2]oct-3-yiamiuo}—3—(1H—benzinzjdazol~2~yi)—6-[4-
{methyloxy)phenyljquinolin-2(1H)-one; and 6-(3-aminophenyl)-4-[(35)-1-
azabicyclo]2.2.2]oct-3-ylamino}-3-(1 H-benzimidazol-2-yl)quinolin-2(1H)-one.

Each of the above compounds displayed an ICse value of less than 10

pM with respect to VEGFRI, VEGFR?2, and bFGE.

It should be understood that the organic compounds according to the
invention may exhibit the phenomenon of tautomerism. As the chemical structures

within this specification can only represent one of the possibie tautorneric forms, it
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should be understood that the invention encompasses any tautomeric form of the

drawn struciure.

It is understood that the invention i nof limited to the embodiments
set forth herein for illustration, but embraces all such forms thereof as come within

the scope of the following claims.
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‘What is claimed is:

1. A method for synthesizing a 4-amino substituted quinolinone
compound, comprising:
reacting a substituted or unsubstituted 2-benzimidazolyl-2-acetate with a
substituted or unsubstituted 2-aminobenzonitrile in the presence of a base or a Lewis acid,

wherein the 4-amino substituted quinolinone compound is formed and has structure I:

R6

RS

RT

wherein:

Y is -NRR"” group;

RI, RZ, R3, and R* may be the same or different and are independently selected
from H, CL, Br, F, L, -CN, -NO,, -OH, -OR" groups, NRISRY groups, substituted or
unsubstituted amidinyl groups, substituted or unsubstituted guanidinyl groups, substituted or
unsubstituted primary, secondary, or tertiary alkyl groups, substituted or unsubstituted aryl
groups, substituted or unsubstituted alkenyl groups, substituted or unsubstituted alkynyl
groups, substituted or unsubstituted heterocyclyl groups, substituted or unsubstituted
aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups, substituted or
unsubstituted dialkylaminoalkyl groups, substifuted or unsubstituted arylaminoalkyl groups,
substituted or unsubstituted diarylaminoalkyl groups, substituted or unsubstituted
(alkyl)(aryl)aminoalkyl groups, substituted or unsubstituted heterocyclylalkyl groups,
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substituted or unsubstituted diheterocyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)}(alkyl)aminoalkyl groups, substituted or unsubstituted
(heterocyclyl)aryl)aminoalkyl groups, or -C(=0)R'® groups;

R’ Rﬁ, R’, and R® may be the same or different and are independently selected
from H, Cl, Br, F, I, -NO,, -OH, -OR* groups, NR?R* groups, -SH, -§R% groups,
-S(=0)R* groups, -S(=0),R* groups, -CN, substituted or unsubstituted amidinyl groups,
substituted or unsubstituted guanidinyl groups, substituted or unsubstituted primary,
secondary, or tertiary alkyl groups, substituted or unsubstituted aryl groups, substituted or
unsubstituted alkenyl groups, substituted or unsubstituted alkynyl groups, substituted or
unsubstituted heterocyclyl groups, substituted or unsubstituted heterocyclylalkyl groups,
-C(=0)R* groups, substituted or unsubstituted aminoalkyl groups, substituted or
unsubstituted alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituied
diarylaminoalkyl groups, substituted or unsubstituted (alkyl)(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted
diheterocyclylaminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(alkyl)aminoalkyl groups, substituted or unsubstituted
(heterocyclyl)(aryl)aminoalkyl groups, substituted or unsubstituted hydroxyalkyl groups,
substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted aryloxyalkyl
groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;

R" is selected from H, substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups;

R" is selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, substituted or unsubstituted heterocyclyl groups, -OH, alkoxy
groups, aryloxy groups, -NH,, substituted or unsubstituted heterocyclylalkyl groups,
substituted or unsubstituted aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl
groups, substituted or unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted
arylaminoalkyl groups, substituted or unsubstituted diarylaminoalkyl groups, substituted or
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unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted or unsubstituted alkylamino groups,
substituted or unsubstituted arylamino groups, substituted or unsubstituted dialkylamino
groups, substituted or unsubstituted diarylamino groups, substituted or unsubstituted
(alkyl)(aryl)amino groups, -C(=0)H, -C(=0)-alkyl groups, -C(=0)-aryl groups, -C{(=0}O-alkyl
groups, -C(=0)O-aryl groups, -C(=0)NH,, -C(=0)NH(alkyl) groups, -C(=O)NH(aryl) groups,
-C(=0)N(alkyl), groups, -C(=0)N(aryl), groups, -C(=0)N(alkyl}(aryl) groups,
-C(=0)-heterocyclyl groups, - C(=0)-O-heterocyclyl groups, -C(=0)NH(heterocyclyl) groups,
-C(=0)-N(heterocyclyl), groups, -C(=O)N(aryl)(heterocyclyl) groups, substituted or
unsubstituted heterocyclylaminoalkyl groups, substituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituted alkoxyalkyl groups, substituted or unsubstituted
aryloxyalkyl groups, substituted or unsubstituted heterocyclyloxyalkyl groups, or
-C(=0)-N(alkyl)(heterocyclyl) groups;

RY and R® may be the same or different and are independently selected from
substituted or unsubstituted alkyl groups, substituted or unsubstituted aryl groups, substituted
or unsubstituted heterocyclyl groups, substituted or unsubstituted heterocyclylalkyl groups,
C(=0)H, -C(=0)-alkyl groups, -C(=0)-aryl groups, -C(=0)NH;, -C(=0)NH({alkyl) groups,
C(=0)NH(aryl) groups, -C(=0)N(alkyl), groups, -C(=0)N(aryl), groups, -C(=O)N{alkyl)}(aryl)
groups, -NH(heterocyclyl) groups, -N(heterocyclyl), groups, -N(alkyl)(heterocyclyl) groups,
N(aryl(heterocyclyl) groups, substituted or unsubstituted aminoalkyl groups, substituted or
unsubstituted alkylaminoalkyl groups, substituted or unsubstituted dialkylaminoalkyl groups,
substituted or unsubstituted arylaminoalkyl groups, substituted or unsubstituted
diarylaminoalkyl groups, substituted or unsubstituted (alkyl}(aryl)aminoalkyl groups,
substituted or unsubstituted heterocyclylaminoalkyl, substituted or unsubstituted
diheterocyclylaminoalkyl, substituted or unsubstituted (heterocyclyl){alkyl)aminoalkyl,
substituted or unsubstituted (heterocyclyl)(aryl}aminoalkyl, substituted or unsubstituted
alkoxyalkyl groups, substituted or unsubstituted hydroxyalkyl groups, substituted or
unsubstituted aryloxyalkyl groups, or substituted or unsubstituted heterocyclyloxyalkyl groups;
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R® and R* may be the same or different and are independently selected from
H, substituted or unsubstituted alkyl groups, substituted or unsubstituted aryl groups, or
substituted or unsubstituted heterocyclyl groups;

R" and R*! may be the same or different and are independently selected from
H, substituted or unsubstituted alkyl groups, substituted or unsubstituted aryl groups,
substituted or unsubstituted heterocyclyl groups, -C(=0)H, -C(=0)-alky! groups, -C(=O)-aryl
groups, -C(=0)NHo,, -C(=0)NH(alkyl) groups, -C(=0)NH(aryl) groups, -C(=0)N(alkyl),
groups, -C(=O)N(aryl), groups, -C(=0)N(alkyl)(aryl} groups, -C{(=0)O-alkyl groups,
-C(=0)0O-aryl groups, substituted or unsubstituted heterocyclylalkyl groups, substituted or
unsubstituted aminoalkyl groups, substituted or unsubstituted alkylaminoalkyl groups,
substituted or unsubstituted dialkylaminoalkyl groups, substituted or unsubstituted
arylaminocalkyl groups, substituted or unsubstituted diarylaminoalkyl groups, substituted or
unsubstituted (alkyl)(aryl)aminoalkyl groups, -C(=0)-heterocyclyl groups,
-C(=0)-O-heterocyclyl groups, -C(=0)NH(heterocyclyl) groups, -C(=0)-N(heterocyclyl),
groups, -C(=0)N(aryl)(heterocyclyl) groups, substituted or unsubstituted
heterocyclylaminoalkyl groups, substituted or unsubstituted diheterocyclylaminoalkyl groups,
substituted or unsubstituted (heterocyclyl}(alkyl)aminoalkyl groups, substituted or
unsubstituted (heterocyclyl){aryl)aminoalkyl groups, substituted or unsubstituted hydroxyalkyl
groups, substituted or unsubstituted alkoxyalky! groups, substituted or unsubstituted
aryloxyalkyl groups, substituted or unsubstituted heterocyclyloxyalkyl groups, or
-C(=0)-N(alkyl)(heterocyclyl} groups;

R® R® R%, and R” may be the same or different and are independently
selected from H, -NH,, -NH(alkyl)} groups, -NH(aryl) groups, -N{alkyl), groups, -N{aryl);
groups, -N(alkyl)(aryl) groups, -NH(heterocyclyl) groups, -N(heterocyclyl)(alkyl) groups,
-N(heterocyclyl)(aryl) groups, -N(heterocyclyl), groups, substituted or unsubstituted alkyl
groups, substituted or unsubstituted aryl groups, -OH, substituted or unsubstituted alkoxy
groups, substituted or unsubstituted heterocyclyl groups, substituted or unsubstituted aryloxy
groups, heterocyclyloxy groups, -NHOH, -N(alkyl)OH groups, -N(aryl)OH groups, '
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-N(alkyl)O-alkyl groups, -N(aryl}O-alkyl groups, -N(alkyl}O-aryl groups, or -N(ary))O-aryl
groups; and

R* is selected from substituted or unsubstituted alkyl groups, substituted or
unsubstituted aryl groups, or substituted or unsubstituted heterocyclyl groups.

2. The method of claim 1, wherein the substituted or unsubstituted
2-benzimidazolyl-2-acetate is a substituted or unsubstituted ethyl 2-benzimidazolyl-2-acetate.

3. The method of claim 1, wherein the substituted or unsubstituted
2-benzimidazolyl-2-acetate is reacted with the substituted or unsubstituted 2-aminobenzonitrile

in the presence of the Lewis acid.
4, The method of claim 3, wherein the Lewis acid is tin tetrachloride.

5. The method of claim 1, wherein the substituted or unsubstituted
2-benzimidazolyl-2-acetate is reacted with the substituted or unsubstituted 2-aminobenzonitrile

in the presence of the base.

6. The method of claim 3, wherein the base is lithium

bis(trimethylsilyl)amide.

7. The method of claim 1, further comprising adding lithium
bis(trimethylsilyl)amide to the substituted or unsubstituted 2-benzimidazolyl-2-acetate in
tetrahydrofuran, and then adding the substituted or unsubstituted 2-aminobenzonitrile to the
resulting mixture.

8. The method of claim I, further comprising forming the
2-benzimidazolyl-2-acetate by reacting ethyl 3-ethoxy-2-iminopropanoate hydrochloride with

a substituted or unsubstituted 1,2-phenylenediamine.

9. The method of claim 8, wherein reacting ethyl
3-ethoxy-2-iminopropanoate hydrochloride with a substituted or unsubstituted
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1,2-phenylenediamine comprisesAstirring the ethyl 3-ethoxy-2-iminopropanoate and the

substituted or unsubstituted 1,2-phenylenediamine in ethanol at a temperature of 90°C.

10.  The method of claim &, further comprising reacting ethyl 2-cyanoacetate
with ethanol to form the ethyl 3-ethoxy-2-iminopropanoate hydrochloride.

11.  The method according to claim 1, wherein the 4-amino substituted
quinolinone compound is
4-amino-5-fluoro-3-[5-(4-methylpiperazin-1-yl)- 1 H-benzimidazol-2-yl]quinolin-2{ 1 H)-one or

a tautomer thereof.

12.  The method according to claim 1, wherein the Lewis acid is tin

tetrachloride or the base is lithium bis(trimethylsilyl)amide.
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