
COMPOUNDS AND METHODS FOR KINASE MODULATION,AND
INDICATIONSTHEREFOR RELATED PATENT APPLICATIONS [0001]
This application claims the benefit of U.S. Prov. App.
No. 60/692,960, filed June 22, 2005, and U.S. Prov.
App. No. 60/731,528, filed October 28, 2005, both of
which are incorporated herein by reference in their
entireties and for all purposes. FIELD OF THE
INVENTION [0002] The present invention relates to
kinases and compounds which modulate kinases, and uses
therefor. Particular embodiments contemplate disease
indications which are amenable to treatment by
modulation of kinase activity by the compounds of the
present invention. BACKGROUND OF THE INVENTION [0003]
The information provided herein is intended solely to
assist the understanding of the reader. None of the
information provided nor references cited is admitted
to be prior art to the present invention. Each of the
references cited herein is incorporated in its
entirety. [0004] Receptor protein kinases regulate key
signal transduction cascades that control or are
involved in the control of a plethora of physiological
functions including cellular growth and proliferation,
cell differentiation, cellular development, cell
division, cell adhesion, stress response, short-range
contact-mediated axonal guidance, transcription
regulation, aberrant mitogenesis, angiogenesis,
abnormal endothelial cell-cell or cell-matrix
interactions during vascular development,
inflammation, lymphohematopoietic stem cell activity,
protective immunity against specific bacteria,
allergic asthma, aberrant tissue-specific responses to
the activation of the INK signal transduction pathway,
cell transformation, memory, apoptosis, competitive
activity-dependent synapse modification at the
neuromuscular synapse, immunological mediation of
disease, and calcium regulation. As such, a variety of
specific disease states are associated with aberrant
regulation of protein kinases. Accordingly, there is a
need in the art for additional compounds and methods
of use thereof for the modulation of receptor protein
kinases in treatment of various diseases. [0005] This
application is related to the following published
patent applications: WO 2004024895, US 20040142864, WO
2004078923, US 20050170431, WO 2005028624, US
20050164300, andWO 2005062795, each of which are
hereby incorporated by reference herein in their
entireties including all specifications, figures, and
tables, and for all purposes.SUMMARY OF THE INVENTION
[0006] The present invention concerns compounds active
on protein kinases in general, including, but not
limited to, B-Raf, c-Raf-1, Fms, Jnkl, Jnk2, Jnk3,
and/or Kit, including any mutations of these kinases,
and the use thereof in treating disease and conditions
associated with regulation of the activity of the
kinases. In particular, the invention concerns
compounds of Formula III as described below. Thus, the
invention provides novel uses of compounds for
therapeutic methods involving modulation of protein
kinases, as well as novel compounds that can be used
for therapeutic methods involving modulation of
protein kinases. [0007] The compounds of Formula III
have the following structure: Formula III all salts,
prodrugs, tautomers, and isomers thereof, wherein: Q
has a structure selected from the group consisting of
in which indicates the attachment point of Q to A of
Formula HI;Z2 is N or CR12 ; Z4 is N or CR14; Z5 is N
or CR15; Z6 is N or CR16; L2 is selected from the
group consisting of -(CR10R11VNR 2 1 CR10R11V ,
-(CR10R11VO-(CR 10R11V , -(CR10Rp )p-S-(CRI0Rn )q-,
-(CR10R1 1VC(O)-(CR 10R11V , -(CR 10R 1 1VC(S)-(CR 10R
11V , -(CR10R1 1VS(O)-(CR 10R11V , -(CR 10R 11VS(O)
2-(CR 10R1V , -(CR10Rp )p-C(O)NR25-(CR10R1 1V -(CRI0Rn
VC(S)NR 25-(CR10R1 1V -(CR10R1 1)p-S(O)2
R25-(CR10R11)q-, -(CR10R1 1)p-NR25C(O)-(CR10R11)q-,
-(CR10R1 1VNR 25C(S)-(CR10R1 1),,-, and -(CR10R1
p-NR25S(O)2-(CR10R11X-; p and q are independently 0,
1, or 2 provided, however, that at least one of p and
q is 0; s is 1 or 2; X is O or S; A is selected from
the group consisting of -O-, -S-, -CRaRb-, -NR1-,
-C(O)-, -C(S)-, -S(O)-, and -S(O)2-; Ra and Rb at each
occurrence are independently selected from the group
consisting of hydrogen, fluoro, -OH, -NH2, lower
alkyl, lower alkoxy, lower alkylthio, mono-alkylamino,
di-alkylamino, and -NR8R9, wherein the alkyl chain(s)
of lower alkyl, lower alkoxy, lower alkylthio,
mono-alkylamino, or di-alkylamino are optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino,
provided, however, that any substitution of the alkyl
chain carbon bound to O of alkoxy, S of thioalkyl or N
of mono- or di-alkylamino is fluoro; or Ra and Rb
combine to form a 3-7 membered monocyclic cycloalkyl
or 5-7 membered monocyclic heterocycloalkyl, wherein
the monocyclic cycloalkyl or monocyclic
heterocycloalkyl are optionally substituted with one
or more substituents selected from the group
consisting of halogen, -OH, -NH2, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino; R1 is selected
from the group consisting of hydrogen, lower alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
-C(O)R7, -C(S)R7, -S(O)2R7, -C(O)NHR7, -C(S)NHR7, and
-S(O)2NHR7, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, lower alkylthio, mono-alkylamino,
di-alkylamino, and -NR8R9, wherein the alkyl chain(s)
of lower alkoxy, lower alkylthio, mono-alkylamino, or
di-alkylamino are optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino, provided, however, that any
substitution of the alkyl chain carbon bound to O of
alkoxy, S of thioalkyl or N of mono- or di-alkylamino
is fluoro,fUrther provided that when R1 is lower
alkyl, any substitution on the lower alkyl carbon
bound to the N of -NR1- is fluoro, and wherein
cycloalkyl, heterocycloalkyl, aryl or heteroaryl are
optionally substituted with one or more substituents
selected from the group consisting of halogen, -OH,
-NH2, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
R7 is selected from the group consisting of lower
alkyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, lower alkylthio, mono-alkylamino,
di-alkylamino, and -NR8R9, provided, however, that any
substitution of the alkyl carbon bound to the N of
-C(O)NHR7, -C(S)NHR7 or -S(O)2NHR7 is fluoro, wherein
the alkyl chain(s) of lower alkoxy, lower alkylthio,
mono-alkylamino, or di-alkylamino are optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino,
provided, however, that any substitution of the alkyl
chain carbon bound to O of alkoxy, S of thioalkyl or N
of mono- or di-alkylamino is fluoro, and wherein
cycloalkyl, heterocycloalkyl, aryl and heteroaryl are
optionally substituted with one or more substituents
selected from the group consisting of halogen, -OH,
-NH , lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
R4, R5, R6, R12 , R14 , R15, R16, R42, R43, R45, R46
and R47 are independently selected from the group
consisting of hydrogen, halogen, optionally
substituted lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -CN, -NO2,
-CRaRbR26, and -LR26; L at each occurrence is
independently selected from the group consisting of
-(alk)a-S-(alk)b-, -(alk)a-O-(alk)b-,
-(alk)a-NR25-(alk)b-, -(alk)a-C(O)-(alk)b-,
-(alk)a-C(S)-(alk)b-, -(alk)a-S(O)-(alk)b-,
-(alk)a-S(O)2-(alk)b-, -(alk)a-OC(O)-(alk)b-,
-(alk)a-C(O)O-(alk)b-, -(alk)a-OC(S)-(alk)b-,
-(alk)a-C(S)O-(alk)b-, -(alk)a-C(O)NR25-(alk)b-,
-(alk)a-C(S)NR25-(alk)b-, -(alk)a-S(O)2NR2S-(alk)b-,
-(alk)a-NR25C(O)-(alk)b-, -(alk)a-NR25C(S)-(alk)b-,
-(alk)a-NR25S(O)2-(alk)b-, -(alk)a-NR25C(O)O-(alk)b-,
-(alk)a-NR25C(S)O-(alk) b-, -(alk)a-OC(O)NR25-(alk)b-,
-(alk)a-OC(S)NR25-(alk)b-,
-(alk)a-NR25C(O)NR25-(alk)b-,
-(alk)a-NR25C(S)NR25-(alk)b-, and 



-(alk)a-NR25S(O)2NR25-(alk)b-; a and b are
independently Oor 1;alk is C1-3 alkylene or C -3
alkylene substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkyl, lower alkoxy, lower alkylthio,
mono-alkylamino, di-alkylamino, and -NR8R9, wherein
lower alkyl or the alkyl chain(s) of lower alkoxy,
lower alkylthio, mono-alkylamino or di-alkylamino are
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
provided, however, that any substitution of the alkyl
chain carbon bound to O of alkoxy, S of thioalkyl or N
of mono- or di-alkylamino is fluoro; R25 at each
occurrence is independently selected from the group
consisting of hydrogen, optionally substituted lower
alkyl, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, and optionally substituted heteroaryl; R26 at
each occurrence is independently selected from the
group consisting of hydrogen, provided, however, that
hydrogen is not bound to any of S(O), S(O)2, C(O) or
C(S) of L, optionally substituted lower alkyl,
optionally substituted lower alkenyl, provided,
however, that when R26 is optionally substituted lower
alkenyl, no alkene carbon thereof is bound to N, S, O,
S(O), S(O)2, C(O) or C(S) of L, optionally substituted
lower alkynyl, provided, however, that when R26 is
optionally substituted lower alkynyl, no alkyne carbon
thereof is bound toN, S, O, S(O), S(O)2, C(O) or C(S)
of L, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, and optionally substituted heteroaryl; R10 and
R11 at each occurrence are independently selected from
the group consisting of hydrogen, fluoro, lower alkyl,
and lower alkyl optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, dialkylamino, and
cycloalkylamino; or any two of R10 and R11 on the same
or adjacent carbon atoms combine to form a 3-7
membered monocyclic cycloalkyl or 5-7 membered
monocyclic heterocycloalkyl, and any others of R10 and
R11 are independently selected from the group
consisting of hydrogen, fluoro, lower alkyl, and lower
alkyl optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino, and wherein the monocyclic cycloalkyl
or monocyclic heterocycloalkyl are optionally
substituted with one or more substituents selected
from the group consisting of halogen, -OH, -NH2, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino;R8 and R9 combine
with the nitrogen to which they are attached to form a
5-7 membered heterocycloalkyl optionally substituted
with one or more substituents selected from the group
consisting of fluoro, -OH, -NH2, lower alkyl, fiuoro
substituted lower alkyl, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, and fluoro
substituted lower alkylthio; R17 is selected from the
group consisting of hydrogen, halogen, optionally
substituted lower alkyl and -OR18; R31 and R33 are
independently selected from the group consisting of
optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted cycloalkyl, and
optionally substituted heterocycloalkyl; R36 is
selected from the group consisting of substituted
methyl, optionally substituted C2-6 alkyl, optionally
substituted lower alkenyl, provided, however, that
when R36 is optionally substituted lower alkenyl, no
alkene carbon thereof is bound to the S(O)2 of
S(O)2R36, optionally substituted lower alkynyl,
provided, however, that when R36 is optionally
substituted lower alkynyl, no alkyne carbon thereof is
bound to the S(O)2 of S(O)2R36, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, and -NR19R20; R19, R20, R34, R35, R37, and
R38 are independently selected from the group
consisting of hydrogen, optionally substituted lower
alkyl, optionally substituted lower alkenyl, provided,
however, that when R19 , R20, R34, R35, R37, or R38 is
optionally substituted lower alkenyl, no alkene carbon
thereof is bound to the N OfNR19R20,NR34R35 or
NR37R38, optionally substituted lower alkynyl,
provided, however, that when R19, R20, R34, R35, R37
or R38 is optionally substituted lower alkynyl, no
alkyne carbon thereof is bound to the N OfNR19R20,
NR34R35 or NR37R38, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl and optionally substituted
heteroaryl; or R34 and R35 together with the nitrogen
to which they are attached form optionally substituted
5-7 membered heterocycloalkyl or optionally
substituted 5 or 7 membered nitrogen containing
heteroaryl; or R37 and R38 together with the nitrogen
to which they are attached form optionally substituted
5-7 membered heterocycloalkyl or optionally
substituted 5 or 7 membered nitrogen containing
heteroaryl; R32 is selected from the group consisting
of hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, and -OR18;
R82 is selected from hydrogen or lower alkyl; and R18
is hydrogen or optionally substituted lower alkyl;
provided, however, that the compound is not
3-{3-[2-(tetrahydropyran-2-yloxy)-ethoxy]-benzyl}-
5-thiophen-3-yl-lH-pyrrolo[2,3-b]pyridine, which has
the
structure4-(4-Methyl-piperazm-l-ylmetliyl)-N-[4-(lH-py
rrolo[2,3-b]pyridin-3-ylmethyl)-phenyl]- benzamide,
which has the structure [0008] In some embodiments,
compounds of Formula III have the structure according
to the following sub-generic structure Formula Ilia:
Formula Ilia all salts, prodrugs, tautomers and
isomers thereof, wherein A, L2, Z2, Z6, R4, R5, R6,
R15 , R17 and R31 are as defined for Formula III.
[0009] In some embodiments of compounds of Formula
Ilia, R4 and R6 are hydrogen, A is -O-, -CRaRb-,
-KR1-, or -C(O)-, preferably -CH2- or -C(O)-, more
preferably -CH2-, R17 is selected from the group
consisting of hydrogen, halogen, lower alkyl and lower
alkoxy, wherein the alkyl chain of lower alkyl or
lower alkoxy is optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, and R15 is selected from the
group consisting of hydrogen, halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy. [0010] In some
embodiments of compounds of Formula Ilia, R4 and R6
are hydrogen, A is -O-, -CRaRb-, -KR1-, or -C(O)-,
preferably -CH2- or -C(O)-, R17 is selected from the
group consisting of hydrogen, halogen, lower alkyl and
lower alkoxy, wherein the alkyl chain of lower alkyl
or loweralkoxy is optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, R15 is selected from the group
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy, Z2 is N or CR12 , Z6 is N or
CRi6, R12 and R16 are independently selected from the
group consisting of hydrogen, halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy, and R5 is selected
from the group consisting of hydrogen, halogen, lower
alkyl, lower alkoxy, optionally substituted aryl,
optionally substituted heteroaryl, and NR2 1R22,
wherein R2 1 is hydrogen or lower alkyl, and R22 is
hydrogen, lower alkyl, optionally substituted aryl or
optionally substituted heteroaryl, and wherein the
alkyl chain of R5, R2 1 or R22, when lower alkyl, or
the alkyl chain of lower alkoxy is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino.
[0011] In some embodiments, compounds of Formula III
have the structure according to the following
sub-generic structure Formula HIb: Formula IHb all
salts, prodrugs, tautomers, and isomers thereof,
wherein: A1 is -O-, -CR40R41-, -C(O)- or -NR48-; Z12
is N or CR52; 



Z16 is N or CR56; R40 and R4 1 are independently
selected from the group consisting of hydrogen,
fluoro, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
or R40 and R4 1 combine to form a 3-7 membered
monocyclic cycloalkyl or 5-7 membered monocyclic
heterocycloalkyl, wherein the monocyclic cycloalkyl or
monocyclic heterocycloalkyl is optionally substituted
with one or more substituents selected from the group
consisting of halogen, -OH, -NH2, lower alkyl, fluoro
substituted lower alkyl, loweralkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino; L3 is selected
from the group consisting of -NR48-, -S-, -O-,
-NR48CH(R49)-, -SCH(R49)-, -OCH(R49)-, -C(O)NR48-,
-S(O)2NR48-, -CH(R49)NR48-, -CH(R49)O-, -CH(R49)S-,
-NR48C(O)-, and -NR4 S(O)2-; R53 and R55 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl and lower alkoxy,
wherein the alkyl chain of lower alkyl or lower alkoxy
is optionally substituted with fluoro, -OH, -NH2,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino or cycloalkylamino,
provided, however, that any substitution on the alkyl
carbon bound to the -O- of lower alkoxy is fluoro; R52
and R56 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy; R49 is selected from the
group consisting of hydrogen, lower alkyl, and fluoro
substituted lower alkyl; Cy is selected from the group
consisting of aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; R39 is selected from the group
consisting of hydrogen, halogen, lower alkyl, lower
alkoxy, aryl, heteroaryl, and NR50R51, wherein the
alkyl chain of lower alkyl or lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
and wherein aryl and heteroaryl are optionally
substituted with one or more independent substituents
R23; R50 is hydrogen or lower alkyl optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino; R5
1 is aryl or heteroaryl, wherein aryl and heteroaryl
are optionally substituted with one or more
independent substituents R23; R23 at each occurrence
is independently selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR57, -SR57, -NR48R57, -NR48C(O)R57, -NR48S(O)2R57,
-S(O)2R57, -C(O)R57 , -C(O)OR57, -C(O)NR48R57,
-S(O)2NR48R57, halogen, lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl as
R23, or as substituents of lower alkyl, are optionally
substituted with one or more substituents selected
from thegroup consisting of -OH, -NH2, -CN, -NO2,
-C(O)OH, -S(O)2NH2, -C(O)NH2, -OR58, -SR58, -NR48R58,
-NR48C(O)R58, -NR48S(O)2R58, -S(O)2R58, -C(O)R58,
-C(O)OR58, -C(O)NR48R58, -S(O)2NR48R58, halogen, lower
alkyl, fluoro substituted lower alkyl, and
cycloalkylamino; R57 is selected from the group
consisting of lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, provided,
however, that any substitution of the alkyl carbon
bound to O, S, or N of -OR57, -SR57, -NR48R57,
-C(O)OR57, -C(O)NR48R57, or -S(O)2NR48R57 is fluoro,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl as R57 or as substituents of lower alkyl
are optionally substituted with one or more
substituents selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R58 at
each occurrence is independently selected from the
group consisting of lower alkyl, heterocycloalkyl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, monoalkylamino,
di-alkylamino, and cycloalkylamino, provided, however,
that any substitution of the alkyl carbon bound to O,
S, or N of -OR58, -SR58, -NR48R58, -C(O)OR58,
-C(O)NR48R58, or -S(O)2NR48R58 is fluoro; R48 at each
occurrence is independently hydrogen or lower alkyl;
and t is O, 1, 2, or 3. [0012] In some embodiments of
compounds of Formula HIb, Ai is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, more preferably -CH2- . In
some embodiments, Ai is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, more preferably -CH2-, and
R53 and R55 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy. In some embodiments, L3 is
-NR48CH(R49)-, -SCH(R49)-, or -OCH(R49)-, preferably
-OCH(R49)-. In some embodiments, Ai is -CR40R4 1- or
-C(O)-, preferably -CH2- or -C(O)-, more preferably
-CH2-, and L3 is -NR48CH(R49)-, -SCH(R49)-, or
-OCH(R49)-, preferably -OCH(R49)-. [0013] In some
embodiments, compounds of Formula IHhave the structure
according to the following sub-generic structure
Formula HIp:Formula nip all salts, prodrugs,
tautomers, and isomers thereof, wherein: A1 is -O-,
-CR40R4 1-, -C(O)- or -NR48-; Z2 is N or CR62; Z26 is
N or CR66; r is O, I , or 2; R40 and R4 1 are
independently selected from the group consisting of
hydrogen, fluoro, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, fluoro substituted lower
alkoxy, lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino; or R40 and R4 1 combine to form a 3-7
membered monocyclic cycloalkyl or 5-7 membered
monocyclic heterocycloalkyl, wherein the monocyclic
cycloalkyl or monocyclic heterocycloalkyl is
optionally substituted with one or more substituents
selected from the group consisting of halogen, -OH,
-NH2, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
R62, R63, R65 and R66 are independently selected from
the group consisting of hydrogen, halogen, lower alkyl
and lower alkoxy, wherein the alkyl chain of lower
alkyl or lower alkoxy is optionally substituted with
one or more substituents selected from the group
consisting of fluoro, -OH, -NH2, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino and cycloalkylamino, provided, however,
that any substitution on the alkyl carbon bound to the
-O- of lower alkoxy is fluoro; Cy is selected from the
group consisting of aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; R39 is selected from the group
consisting of hydrogen, halogen, lower alkyl, lower
alkoxy, aryl, heteroaryl, and NR50R5 1, wherein the
alkyl chain of lower alkyl or lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
and wherein aryl and heteroaryl are optionally
substituted with one or more independent substituents
R23 ;R50 is hydrogen or lower alkyl optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino; R5
1 is aryl or heteroaryl, wherein aryl and heteroaryl
are optionally substituted with one or more
independent substituents R23 ; R23 at each occurrence
is independently selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR57, -SR57, -NR48R57, -NR48C(O)R57, -NR48S(O)2R57,
-S(O)2R57 , -C(O)R57, -C(O)OR57, -C(O)NR48R57,
-S(O)2NR48R57, halogen, 



lower alkyl, cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl, wherein cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl as R23, or as substituents of
lower alkyl, are optionally substituted with one or
more substituents selected from the group consisting
of -OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R57 is
selected from the group consisting of lower alkyl,
cycloalkyl, heterocycloalkyl, aryl and heteroaryl,
wherein lower alkyl is optionally substituted with one
or more substituents selected from the group
consisting of fluoro, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
provided, however, that any substitution of the alkyl
carbon bound to O, S, or N of -OR57, -SR57, -NR48R57,
-C(O)OR57, -C(O)NR48R57, or -S(O)2NR48R57 is fluoro,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl as R57 or as substituents of lower alkyl
are optionally substituted with one or more
substituents selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R58 at
each occurrence is independently selected from the
group consisting of lower alkyl, heterocycloalkyl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino, provided, however,
that any substitution of the alkyl carbon bound to O,
S, or N of -OR58, -SR58, -NR48R58, -C(O)OR58,
-C(O)NR48R58, or -S(O)2NR48R58 is fluoro;R48 at each
occurrence is independently hydrogen or lower alkyl;
and t is O, 1, 2, or 3. [0014] In some embodiments of
compounds of Formula fflp, Ai is -CR40R41- or -C(O)-,
preferably -CH2- or -C(O)-. In some embodiments, A] is
-CR40R4 1- or -C(O)-, preferably -CH2- or -C(O)-, and
R62, R64, R65 and R66 are independently selected from
the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy. [0015] In some
embodiments, compounds of Formula III have the
structure according to the following sub-generic
structure Formula Hie: Formula IIIc all salts,
prodrugs, tautomers and isomers thereof, wherein A, s,
Z2, Z6, R4, R5, R6, R15 , R17 , and R32 are as defined
for Formula III. [0016] In some embodiments of
compounds of Formula IIIc, R4 and R6 are hydrogen, A
is -O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, more preferably -CH2-, R17 is selected from
the group consisting of hydrogen, halogen, lower alkyl
and lower alkoxy, wherein the alkyl chain of lower
alkyl or lower alkoxy is optionally substituted with
one or more substituents selected from the group
consisting of fluoro, -OH, -NH2, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino and cycloalkylamino, provided, however,
that any substitution on the alkyl carbon bound to the
-O- of lower alkoxy is fluoro, and R15 is selected
from the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy. [0017] In some
embodiments of compounds of Formula IIIc, R4 and R6
are hydrogen, A is -O-, -CRaRb-, -NR1-, or -C(O)-,
preferably -CH2- or -C(O)-, R17 is selected from the
group consisting of hydrogen, halogen, lower alkyl and
lower alkoxy, wherein the alkyl chain of lower alkyl
or lower alkoxy is optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, R15 is selected from thegroup
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy, Z2 is N or CR12, Z6 is N or
CR16 R12 and R16 are independently selected from the
group consisting of hydrogen, halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy, and R5 is selected
from the group consisting of hydrogen, halogen, lower
alkyl, lower alkoxy, optionally substituted aryl,
optionally substituted heteroaryl, and -NR2 1R22,
wherein R2 1 is hydrogen or lower alkyl, and R22 is
hydrogen, lower alkyl, optionally substituted aryl or
optionally substituted heteroaryl, and wherein the
alkyl chain of R5, R2 1 or R22, when lower alkyl, or
the alkyl chain of lower alkoxy is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
further wherein R32 is optionally substituted lower
alkyl or -OR18, where R18 is as defined for Formula
III. [0018] In some embodiments, compounds of Formula
III have the structure according to the following
sub-generic structure Formula DIn: Formula HIn all
salts, prodrugs, tautomers and isomers thereof,
wherein A, s, Z2, Z6, R4, R5, R6, R15, and R32 are as
defined for Formula III. [0019] In some embodiments of
compounds of Formula Illn, R4 and R6 are hydrogen, A
is -O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, more preferably -CH2-, and R15 is selected
from the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy. [0020] In some
embodiments of compounds of Formula IIIc, R4 and R6
are hydrogen, A is -O-, -CRaRb-, -NR1-, or -C(O)-,
preferably -CH2- or -C(O)-, R1S is selected from the
group consisting of hydrogen, halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy, Z2 is N or CR12 , Z6
is N or CR16, R12 and R16 are independently selected
from the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy, and R5 is
selected from the group consisting of hydrogen,
halogen, lower alkyl, lower alkoxy, optionally
substituted aryl, optionally substituted heteroaryl,
and -NR2 1R22,wherein R2 1 is hydrogen or lower alkyl,
and R22 is hydrogen, lower alkyl, optionally
substituted aryl or optionally substituted heteroaryl,
and wherein the alkyl chain of R5, R2 1 or R22, when
lower alkyl, or the alkyl chain of lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
further wherein R32 is optionally substituted lower
alkyl or -OR18 , where R18 is as defined for Formula
III. [0021] In some embodiments, compounds of Formula
III have the structure according to the following
sub-generic structure Formula IHo: Formula IHo all
salts, prodrugs, tautomers and isomers thereof,
wherein A, L2, Z2, Z4, Z5, Z , R4, R5, R6, and R33 are
as defined for Formula HI. [0022] In some embodiments
of compounds of Formula IIIo, R4 and R6 are hydrogen,
A is -O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2-
or -C(O)-, Z2 is N or CR12, Z4 is N or CR14, Z5 is N
or CR15 , Z6 is N or CR16 , and R12 , R14 , R15 and
R16 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl and lower
alkoxy, wherein the alkyl chain of lower alkyl or
lower alkoxy is optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro. [0023] In some embodiments of
compounds of Formula IIIo, R4 and R6 are hydrogen, A
is -O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, Z2 is N or CR12, Z4 is N or CR14, Z5 is N or
CR15 , Z6 is N or CR16 , R12 , R14 , R15 and R16 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl and lower alkoxy,
wherein the alkyl chain of lower alkyl or lower alkoxy
is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, and R5 is selected from the
group consisting of hydrogen, halogen, lower alkyl,
lower alkoxy, optionally substituted aryl, optionally
substituted heteroaryl, and NR2 1R22, wherein R2 1 is
hydrogen or lower alkyl, and R22 ishydrogen, lower
alkyl, optionally substituted aryl or optionally
substituted heteroaryl, and wherein the alkyl chain of
R5, R2 1 or R22, when lower alkyl, or the alkyl chain
of lower alkoxy is optionally substituted with one or
more substituents selected from the group consisting
of fluoro, -OH, -NH2, 



lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino.
[0024] In some embodiments of compounds of Formula
IIIo, R4 and R6 are hydrogen, A is -O-, -CRaRb-,
-NR1-, or -C(O)-, preferably -CH2- or -C(O)-, Z2 is N
or CR12 , Z4 is N or CR14 , Z5 is N or CR15 , Z6 is N
or CR16, R12, R14, R15 and R16 are independently
selected from the group consisting of hydrogen,
halogen, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, and fluoro substituted lower alkoxy, and
R5 is selected from the group consisting of hydrogen,
halogen, lower alkyl, lower alkoxy, optionally
substituted aryl, optionally substituted heteroaryl,
and NR2 1R22, wherein R2 1 is hydrogen or lower alkyl,
and R22 is hydrogen, lower alkyl, optionally
substituted aryl or optionally substituted heteroaryl,
and wherein the alkyl chain of R5, R2 1 or R22, when
lower alkyl, or the alkyl chain of lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino.
[0025] In some embodiments, compounds of Formula III
have the structure according to the following
sub-generic structure Formula IHq: Formula Illq all
salts, prodrugs, tautomers, and isomers thereof,
wherein: A1 is -O-, -CR40R4 1-, -C(O)- or -NR48-; Z12
isN or CR52 ; Zi4 is N or CR54; Z15 is N or CR55; Z16
is N or CR56; R40 and R4 1 are independently selected
from the group consisting of hydrogen, fluoro, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino; orR and R combine
to form a 3-7 membered monocyclic cycloalkyl or 5-7
membered monocyclic heterocycloalkyl, wherein the
monocyclic cycloalkyl or monocyclic heterocycloalkyl
is optionally substituted with one or more
substituents selected from the group consisting of
halogen, -OH, -NH2, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, fluoro substituted lower
alkoxy, lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino; L3 is selected from the group
consisting of -NR48-, -S-, -O-, -NR48CH(R49)-,
-SCH(R49)-, -OCH(R49)-, -C(O)NR48-, -S(O)2NR48-,
-CH(R49)NR48-, -CH(R49)O-, -CH(R49)S-, -NR48C(O)-, and
-NR48S(O)2-; R54 and R55 are independently selected
from the group consisting of hydrogen, halogen, lower
alkyl and lower alkoxy, wherein the alkyl chain of
lower alkyl or lower alkoxy is optionally substituted
with fluoro, -OH, -NH2, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino or cycloalkylamino, provided, however,
that any substitution on the alkyl carbon bound to the
-O- of lower alkoxy is fluoro; R52 and R56 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy; R49 is selected from the group
consisting of hydrogen, lower alkyl, and fluoro
substituted lower alkyl; Cy is selected from the group
consisting of aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; R39 is selected from the group
consisting of hydrogen, halogen, lower alkyl, lower
alkoxy, aryl, heteroaryl, and NR50R5 1, wherein the
alkyl chain of lower alkyl or lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
and wherein aryl and heteroaryl are optionally
substituted with one or more independent substituents
R23 ; R50 is hydrogen or lower alkyl optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino; R5
1 is aryl or heteroaryl, wherein aryl and heteroaryl
are optionally substituted with one or more
independent substituents R23 ; R23 at each occurrence
is independently selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR57, -SR57, -NR48R57, -NR48C(O)R57, -NR48S(O)2R57,
-S(O)2R57, -C(O)R57, -C(O)OR57, -C(O)NR48R57,
-S(O)2NR48R57, halogen, lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting
offluoro, lower alkoxy, fluoro substituted lower
alkoxy, lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl as
R23, or as substituents of lower alkyl, are optionally
substituted with one or more substituents selected
from the group consisting of -OH, -NH2, -CN, -NO2,
-C(O)OH, -S(O)2NH2, -C(O)NH2, -OR58, -SR58, -NR48R58,
-NR48C(O)R58, -NR48S(O)2R58, -S(O)2R58, -C(O)R58,
-C(O)OR58, -C(O)NR48R58, -S(O)2NR48R58, halogen, lower
alkyl, fluoro substituted lower alkyl, and
cycloalkylamino; R57 is selected from the group
consisting of lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, provided,
however, that any substitution of the alkyl carbon
bound to O, S, or N of -OR57, -SR57, -NR48R57,
-C(O)OR57, -C(O)NR48R57, or -S(O) NR48R57 is fluoro,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl as R57 or as substituents of lower alkyl
are optionally substituted with one or more
substituents selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R58 at
each occurrence is independently selected from the
group consisting of lower alkyl, heterocycloalkyl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, monoalkylamino,
di-alkylamino, and cycloalkylamino, provided, however,
that any substitution of the alkyl carbon bound to O,
S, or N of -OR58, -SR58, -NR48R58, -C(O)OR58,
-C(O)NR48R58, or -S(O)2NR48R58 is fluoro; R48 at each
occurrence is independently hydrogen or lower alkyl;
and t is 0, 1, 2, or 3. [0026] In some embodiments of
compounds of Formula IHq, A1 is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, more preferably -CH2-. In
some embodiments, Ai is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, more preferably -CH2-, and
R54 and R55 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy. In some embodiments, L3 is
-NR48CH(R49)-, -SCH(R49)-, or -OCH(R49)-, preferably
-OCH(R49)-. In some embodiments, A1 is -CR40R4 1- or
-C(O)-, preferably -CH2- or -C(O)-, more preferably
-CH2-, and L3 is -NR48CH(R49)-, -SCH(R49)-, or
-OCH(R49)-, preferably -OCH(R49)-.[0027] In some
embodiments, compounds of Formula III have the
structure according to the following sub-generic
structure Formula Illd: Formula IHd all salts,
prodrugs, tautomers and isomers thereof, wherein A,
Z2, Z4, Z5, Z6, R4, R5, R6, R10, R11 and R33 are as
defined for Formula III, and r is 0, 1, or 2. [0028]
In some embodiments of compounds of Formula HId, R4
and R6 are hydrogen, A is -O-, -CRaRb-, -NR1-, or
-C(O)-, preferably -CH2- or -C(O)-, Z2 is N or CR12 ,
Z4 is N or CR14 , Z5 is N or CR15, Z6 is N or CR16,
and R12, R14, Rl s and R16 are independently selected
from the group consisting of hydrogen, halogen, lower
alkyl and lower alkoxy, wherein the alkyl chain of
lower alkyl or lower alkoxy is optionally substituted
with one or more substituents selected from the group
consisting of fluoro, -OH, -NH2, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino and cycloalkylamino, provided, however,
that any substitution on the alkyl carbon bound to the
-O- of lower alkoxy is fluoro. [0029] In some
embodiments of compounds of Formula IHd, R4 and R6 are
hydrogen, A is -O-, -CRaRb-, -NR1-, or -C(O)-,
preferably -CH2- or -C(O)-, Z2 is N or CR12 , Z4 is N
or CR14, Z5 is N or CR15, Z6 is N or CR16, R12, R14,
R1S and R16 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl and lower
alkoxy, wherein the alkyl chain of lower alkyl or
lower 



alkoxy is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, R10 and Rn are independently
selected from the group consisting of hydrogen,
fluoro, lower alkyl, and fluoro substituted lower
alkyl, and R5 is selected from the group consisting of
hydrogen, halogen, lower alkyl, lower alkoxy,
optionally substituted aryl, optionally substituted
heteroaryl, and NR2 1R22, wherein R2 1 is hydrogen or
lower alkyl, and R22 is hydrogen, lower alkyl,
optionally substituted aryl or optionally substituted
heteroaryl, and wherein the alkyl chain of R5, R2 1 or
R22, when lower alkyl, or the alkyl chain of lower
alkoxy is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino.[0030] In some embodiments of
compounds of Formula Md, R4 and R6 are hydrogen, A is
-O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, Z2 is N or CR12, Z4 is N or CR14, Z5 is N or
CR15 , Z6 is N or CR16, R12 , R14 , R15 and R16 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy, R10 and R1 1 are independently selected
from the group consisting of hydrogen, fluoro, lower
alkyl, and fluoro substituted lower alkyl, and R5 is
selected from the group consisting of hydrogen,
halogen, lower alkyl, lower alkoxy, optionally
substituted aryl, optionally substituted heteroaryl,
and NR2 1R22, wherein R2! is hydrogen or lower alkyl,
and R22 is hydrogen, lower alkyl, optionally
substituted aryl or optionally substituted heteroaryl,
and wherein the alkyl chain of R5, R2 1 or R22, when
lower alkyl, or the alkyl chain of lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylarnino, di-alkylamino and cycloalkylamino.
[0031] In some embodiments, compounds of Formula III
have the structure according to the following
sub-generic structure Formula IHe: Formula IIIe all
salts, prodrugs, tautomers, and isomers thereof,
wherein: A1 is -O-, -CR40R4 1-, -C(O)- or -NR48-; Z22
is N or CR62 ; Z24 is N or CR64; Z25 is N or CR65; Z26
is N or CR66 ; ris O, I , or2; R40 and R4 1 are
independently selected from the group consisting of
hydrogen, fluoro, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, fluoro substituted lower
alkoxy, lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino; or R40 and R4 1 combine to form a 3-7
membered monocyclic cycloalkyl or 5-7 membered
monocyclic heterocycloalkyl, wherein the monocyclic
cycloalkyl or monocyclic heterocycloalkyl is
optionally substituted with one or more substituents
selected from thegroup consisting of halogen, -OH,
-NH2, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
R62, R64, R65 and R66 are independently selected from
the group consisting of hydrogen, halogen, lower alkyl
and lower alkoxy, wherein the alkyl chain of lower
alkyl or lower alkoxy is optionally substituted with
one or more substituents selected from the group
consisting of fluoro, -OH, -NH2 > lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino and cycloalkylamino, provided, however,
that any substitution on the alkyl carbon bound to the
-O- of lower alkoxy is fluoro; Cy is selected from the
group consisting of aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl; R39 is selected from the group
consisting of hydrogen, halogen, lower alkyl, lower
alkoxy, aryl, heteroaryl, and NR50R5 1, wherein the
alkyl chain of lower alkyl or lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
and wherein aryl and heteroaryl are optionally
substituted with one or more independent substituents
R23; R50 is hydrogen or lower alkyl optionally
substituted with one or more substituents selected
from the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino; R5
1 is aryl or heteroaryl, wherein aryl and heteroaryl
are optionally substituted with one or more
independent substituents R23 ; R23 at each occurrence
is independently selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR57, -SR57, -NR48R57, -NR48C(O)R57, -NR48S(O)2R57,
-S(O)2R57, -C(O)R57, -C(O)OR57, -C(O)NR48R57,
-S(O)2NR48R57, halogen, lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl as
R23, or as substituents of lower alkyl, are optionally
substituted with one or more substituents selected
from the group consisting of -OH, -NH2, -CN, -NO2,
-C(O)OH, -S(O)2NH2, -C(O)NH2, -OR58, -SR58, -NR48R58,
-NR48C(O)R58, -NR48S(O)2R58, -S(O)2R58, -C(O)R58,
-C(O)OR58, -C(O)NR48R58, -S(O)2NR48R58, halogen, lower
alkyl, fluoro substituted lower alkyl, and
cycloalkylamino; R57 is selected from the group
consisting of lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower
alkoxy,lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, provided,
however, that any substitution of the alkyl carbon
bound to O, S, or N of -OR57, -SR57, -NR48R57,
-C(O)OR57, -C(O)NR48R57, or -S(O)2NR48R57 is fluoro,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl as R57 or as substituents of lower alkyl
are optionally substituted with one or more
substituents selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R58 at
each occurrence is independently selected from the
group consisting of lower alkyl, heterocycloalkyl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino, provided, however,
that any substitution of the alkyl carbon bound to O,
S, or N of -OR58, -SR58, -NR48R58, -C(O)OR58,
-C(O)NR48R58, or -S(O)2NR48R58 is fluoro; R48 at each
occurrence is independently hydrogen or lower alkyl;
and t is O, 1, 2, or 3. [0032] In some embodiments of
compounds of Formula IHe, A is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-. In some embodiments, Ai is
-CR40R4 1- or -C(O)-, preferably -CH2- or -C(O)-, and
R62, R64, R65 and R66 are independently selected from
the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy. [0033] In some
embodiments, compounds of Formula III have the
structure according to the following sub-generic
structure Formula Illf: Formula IIIf all salts,
prodrugs, tautomers and isomers thereof, wherein A,
Z2, Z4, Z5, Z6, X, R4, R5, R6, R34, R35 and R82 are as
defined for Formula III. [0034] In some embodiments of
compounds of Formula IIIf, R4 and R6 are hydrogen, A
is -0-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, Z2 is N or CR12, Z4 is N or CR14, Z5 is N or
CR15, Z6 is N or CR16, and R12, R14, R15 and R16 are
independently selected from the group consistingof
hydrogen, halogen, lower alkyl and lower alkoxy,
wherein the alkyl chain of lower alkyl or lower alkoxy
is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro. [0035] In some embodiments of
compounds of Formula Illf, R4 and R6 are hydrogen, A
is -O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, Z2 is N or CR12, Z4 is N or CR14 , Z5 is N or 



CR15, Z6 is N or CR16, R12, R14, R15 and R16 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl and lower alkoxy,
wherein the alkyl chain of lower alkyl or lower alkoxy
is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, and one of R34 and R35 is
selected from the group consisting of optionally
substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl and optionally substituted
heteroaryl, and the other of R34 and R35 is hydrogen
or lower alkyl, or R34 and R35 together with the
nitrogen to which they are attached form optionally
substituted 5-7 membered heterocycloalkyl or
optionally substituted 5 or 7 membered nitrogen
containing heteroaryl. [0036] In some embodiments,
compounds of Formula III have the structure according
to the following sub-generic structure Formula IHg:
Formula HIg all salts, prodrugs, tautomers, and
isomers thereof, wherein: A1 is -O-, -CR40R4 1-,
-C(O)- or -NR48-; Z32 is N or CR72; Z34 isN or CR74;
Z35 is N or CR75 ; Z36 is N or CR76; X is O or S; R48
at each occurrence is independently hydrogen or lower
alkyl;R40 and R l are independently selected from the
group consisting of hydrogen, fluoro, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino; or R40 and R
combine to form a 3-7 membered monocyclic cycloalkyl
or 5-7 membered monocyclic heterocycloalkyl, wherein
the monocyclic cycloalkyl or monocyclic
heterocycloalkyl is optionally substituted with one or
more substituents selected from the group consisting
of halogen, -OH, -NH2, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, fluoro substituted lower
alkoxy, lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino; R72, R74, R75 and R76 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl and lower alkoxy,
wherein the alkyl chain of lower alkyl and lower
alkoxy is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2 lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro; R67 is selected from the group
consisting of hydrogen, halogen, optionally
substituted lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OH, -NH2,
-CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2, -C(S)NH2,
-NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2, -OR68, -SR68,
-NR69R68, -C(O)R68, -C(S)R68, -C(O)OR68, -C(O)NR69R68,
-C(S)NR69R68, -S(O)2NR69R68, -NR69C(O)R68,
-NR69C(S)R68, -NR69S(O)2R68, -NR69C(O)NH2,
-NR69C(O)NR69R68, -NR69C(S)NH2, -NR69C(S)NR69R68,
-NR69S(O)2NH2, -NR69S(O)2NR69R68, -S(O)R68, and
-S(O)2R68; one of R60 and R6 1 is lower alkyl, fluoro
substituted lower alkyl, or -(CH2V2R70, a the other of
R60 and R61 is hydrogen or lower alkyl; or R60 and R6
1 together with the nitrogen to which they are
attached form optionally substituted 5-7 membered
heterocycloalkyl or optionally substituted 5 or 7
membered nitrogen containing heteroaryl; R68 is
selected from the group consisting of optionally
substituted lower alkyl, optionally substituted lower
alkenyl, provided, however, that when R68 is
optionally substituted lower alkenyl, no alkene carbon
thereof is bound toN, S, O, S(O), S(O)2, C(O) or C(S)
of -OR68, -SR68, -NR69R68, -C(O)R68, -C(S)R68
-C(O)OR68, -C(O)NR69R68, -C(S)NR69R68, -S(O)2NR69R68,
-NR69C(O)R68, -NR69C(S)R68, -NR69S(O)2R68,
-NR69C(O)NH2, -NR69C(O)NR69R68, -NR69C(S)NH2,
-NR69C(S)NR69R68, -NR69S(O)2NH2, -NR69S(O)2NR69R68,
-S(O)R68, or -S(O)2R68, optionally substituted lower
alkynyl, provided, however, that when R68 is
optionally substituted lower alkynyl, no alkyne carbon
thereof is bound to N, S, O, S(O), S(O)2, C(O) or C(S)
of -OR68, -SR68, -NR69R68, -C(O)R68,
-C(S)R68,-C(O)OR68, -C(O)NR69R68, -C(S)NR69R68,
-S(O)2NR69R68, -NR69C(O)R68, -NR69C(S)R68,
-NR69S(O)2R68, -NR69C(O)NH2, -NR69C(O)NR69R68,
-NR69C(S)NH2, -NR69C(S)NR69R68, -NR69S(O)2NH2,
-NR69S(O)2NR69R68, -S(O)R6 , or -S(O)2R68, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and
optionally substituted heteroaryl; R69 is hydrogen or
optionally substituted lower alkyl; R70 is selected
from the group consisting of optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; and R82 is hydrogen or lower
alkyl. [0037] In some embodiments of compounds of
Formula IHg, A1 is -CR40R4 1- or -C(O)-, preferably
-CH2- or -C(O)-. [0038] In some embodiments of
compounds of Formula Illg, A] is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, and R67 is selected from
the group consisting of hydrogen, halogen, optionally
substituted lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -CN,
-S(O)2NH2, -C(O)NH2, -OR68, -SR68, -NR69R68, -C(O)R68,
-C(S)R68, -C(O)NR69R68, -S(O)2NR69R68, -NR69C(O)R68,
-NR69S(O)2R68, -S(O)R68, and -S(O)2R68. [0039] In some
embodiments, compounds of Formula III have the
structure according to the following sub-generic
structure Formula HIh: Formula HIh all salts,
prodrugs, tautomers and isomers thereof, wherein A,X,
R4, R5, R6, R37, R38, R42, R43, R45, R46, and R47 are
as defined for Formula III. [0040] In some embodiments
of compounds of Formula Illh, R4 and R6 are hydrogen,
A is -0-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2-
or -C(O)-, and R42, R43, R45, R46 and R47 are
independently selected from the group consisting of
hydrogen, halogen, -OH, -CN, -NO2, -NH2, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkyl, mono-alkylamino,
di-alkylamino, and cycloalkylamino, furtherwherein at
least one of, at least two of, at least three of, at
least four of, or preferably all of R42, R43, R45, R46
and R47 are hydrogen. [0041] In some embodiments,
compounds of Formula III have the structure according
to the following sub-generic structure Formula ffli:
Formula HIi all salts, prodrugs, tautomers, and
isomers thereof, wherein: A1 is -O-, -CR40R4 1-,
-C(O)- or -NR4 -; X is O or S; R48 at each occurrence
is independently hydrogen or lower alkyl; R40 and R4 1
are independently selected from the group consisting
of hydrogen, fluoro, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, fluoro substituted lower
alkoxy, lower alkylthio, fluoro substituted lower
alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino; or R40 and R4 1 combine to form a 3-7
merabered monocyclic cycloalkyl or 5-7 membered
monocyclic heterocycloalkyl, wherein the monocyclic
cycloalkyl or monocyclic heterocycloalkyl is
optionally substituted with one or more substituents
selected from the group consisting of halogen, -OH,
-NH2, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
R67 is selected from the group consisting of hydrogen,
halogen, optionally substituted lower alkyl,
optionally substituted lower alkenyl, optionally
substituted lower alkynyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, -OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2
-C(O)NH2, -C(S)NH2, -NHC(O)NH2, -NHC(S)NH2,
-NHS(O)2NH2, -OR68, -SR68, -NR69R68, -C(O)R68,
-C(S)R68, -C(O)OR68, -C(O)NR69R68, -C(S)NR69R68,
-S(O)2NR69R68, -NR69C(O)R68, -NR69C(S)R68,
-NR69S(O)2R68, -NR69C(O)NH2, -NR69C(O)NR69R68,
-NR69C(S)NH2, -NR69C(S)NR69R68, -NR69S(O)2NH2,
-NR69S(O)2NR69R68, -S(O)R68, and -S(O)2R68; 



one of R60 and R61 is lower alkyl, fluoro substituted
lower alkyl, or -(CH2V 2R70 a the other of R60 and R6
1 is hydrogen or lower alkyl;or R60 and R6 1 together
with the nitrogen to which they are attached form
optionally substituted 5-7 membered heterocycloalkyl
or optionally substituted 5 or 7 membered nitrogen
containing heteroaryl; R68 is selected from the group
consisting of optionally substituted lower alkyl,
optionally substituted lower alkenyl, provided,
however, that when R68 is optionally substituted lower
alkenyl, no alkene carbon thereof is bound to N, S, O,
S(O), S(O)2, C(O) or C(S) of -OR68, -SR68, -NR69R68,
-C(O)R68, -C(S)R68, -C(O)OR68, -C(O)NR69R68
-C(S)NR69R68, -S(O)2NR69R68, -NR69C(O)R68,
-NR69C(S)R68, -NR69S(O)2R68, -NR69C(O)NH2,
-NR69C(O)NR69R68, -NR69C(S)NH2, NR69C(S)NR69R68,
-NR69S(O)2NH2, -NR69S(O)2NR69R68, -S(O)R68, or
-S(O)2R68, optionally substituted lower alkynyl,
provided, however, that when R68 is optionally
substituted lower alkynyl, no alkyne carbon thereof is
bound to N, S, O, S(O), S(O)2, C(O) or C(S) of -OR68,
-SR68, -NR69R68, -C(O)R68, -C(S)R68, -C(O)OR68,
-C(O)NR69R68, -C(S)NR69R68, -S(O)2NR69R68,
-NR69C(O)R68, -NR69C(S)R68, -NR69S(O)2R68,
-NR69C(O)NH2, -NR69C(O)NR69R68, -NR69C(S)NH2,
-NR69C(S)NR69R68, -NR69S(O)2NH2, -NR69S(O)2NR69R68,
-S(O)R68, or -S(O)2R68, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; R69 is hydrogen or optionally
substituted lower alkyl; and R70 is selected from the
group consisting of optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl. [0042] In some embodiments of compounds of
Formula IHi, A is -CR40R4 1- or -C(O)-, preferably
-CH2- or -C(O)-. [0043] In some embodiments of
compounds of Formula Illi, Ai is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, and R67 is selected from
the group consisting of hydrogen, halogen, optionally
substituted lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -CN,
-S(O)2NH2, -C(O)NH2, -OR68, -SR68, -NR69R68, -C(O)R68,
-C(S)R68, -C(O)NR69R68, -S(O)2NR69R68, -NR69C(O)R68,
-NR69S(O)2R68, -S(O)R68, and -S(O)2R68. [0044] In some
embodiments of compounds of Formula IHi, Ai is -CR40R4
1- or -C(O)-, preferably -CH2- or -C(O)-, more
preferably -C(O)-, R67 is selected from the group
consisting of hydrogen, halogen, lower alkyl, lower
alkoxy, optionally substituted aryl, optionally
substituted heteroaryl, and NR2 1R22, wherein R2 1 is
hydrogen or lower alkyl, and R22 is hydrogen, lower
alkyl, optionally substituted aryl or optionally
substituted heteroaryl, and wherein the alkyl chain of
R67 , R2 1 or R22, when lower alkyl, or the alkyl
chain of lower alkoxy is optionally substituted with
one or more substituents selected from the group
consisting of fluoro, -OH, -NH2, lower alkoxy, fluoro
substitutedlower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino and cycloalkylamino, and one of R60 and
R6 1 is lower alkyl or fluoro substituted lower alkyl,
and the other of R60 and R6 1 is hydrogen or lower
alkyl. In some embodiments, A1 is -C(O)-, R67 is
optionally substituted aryl or optionally substituted
heteroaryl, and one of R60 and R6 1 is lower alkyl or
fluoro substituted lower alkyl, and the other of R60
and R6 1 is hydrogen or lower alkyl. [0045] In some
embodiments, compounds of Formula III have the
structure according to the following sub-generic
structure Formula HIj: Formula IHj all salts,
prodrugs, tautomers and isomers thereof, wherein A,
R4, R5, R6, R12 , R14 , R15 , R16 , and R36 are as
defined for Formula III. [0046] In some embodiments of
compounds of Formula IIIj, R4 and R6 are hydrogen, A
is -O-, -CRaRb-, -NR1-, or -C(O)-, preferably -CH2- or
-C(O)-, and R12 , R14 , R15 and R16 are independently
selected from the group consisting of hydrogen,
halogen, lower alkyl and lower alkoxy, wherein the
alkyl chain of lower alkyl or lower alkoxy is
optionally substituted with one or more substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino and cycloalkylamino,
provided, however, that any substitution on the alkyl
carbon bound to the -O- of lower alkoxy is fluoro,
preferably wherein R14 and R15 are hydrogen, more
preferably wherein R12 is fluoro, R16 is hydrogen,
fluoro or chloro, and R14 and R15 are hydrogen. [0047]
In some embodiments of compounds of Formula mj, R4 and
R6 are hydrogen, A is -O-, -CRaRb-, -NR1-, or -C(O)-,
preferably -CH2- or -C(O)-, R12, R14 , R15 and R16 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl and lower alkoxy,
wherein the alkyl chain of lower alkyl or lower alkoxy
is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino and
cycloalkylamino, provided, however, that any
substitution on the alkyl carbon bound to the -O- of
lower alkoxy is fluoro, preferably wherein R14 and R15
are hydrogen, more preferably wherein R12 is fluoro,
R16 is hydrogen, fluoro or chloro, and R14 and R15 are
hydrogen, and R36 is selected from the group
consisting of optionally substituted C2-6 alkyl,
optionally substituted cycloalkyl,
optionallysubstituted heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
and -NR19R20, where R19 and R20 are as defined for
Formula III, further wherein one of R19 and R20 is
hydrogen or optionally substituted lower alkyl, and
the other of R19 and R20 is selected from the group
consisting of hydrogen, optionally substituted lower
alkyl, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl and optionally substituted heteroaryl. [0048] In
some embodiments, compounds of Formula III have the
structure according to the following sub-generic
structure Formula ink: Formula HIk all salts,
prodrugs, tautomers and isomers thereof, wherein: A1
is -O-, -CR40R4 1-, -C(O)- or -NR48-; R81 is selected
from the group consisting of hydrogen, halogen,
optionally substituted lower alkyl, optionally
substituted lower alkenyl, optionally substituted
lower alkynyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-C(S)NH2 -NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2, -OR68,
-SR68, -NR69R68, -C(O)R68, -C(S)R68, -C(O)OR68,
-C(O)NR69R68, -C(S)NR69R68, -S(O)2NR69R68,
-NR69C(O)R68, -NR69C(S)R68, -NR69S(O)2R68,
-NR69C(O)NH2, -NR69C(O)NR69R68, -NR69C(S)NH2,
-NR69C(S)NR69R68, -NR69S(O)2NH2, -NR69S(O)2NR69R68,
-S(O)R68, and -S(O)2R68; R7 1 and R78 are
independently selected from the group consisting of
hydrogen, halogen, Ci-3 alkyl, and fluoro substituted
Ci-3 alkyl; R77 is selected from the group consisting
of substituted methyl, optionally substituted C2-6
alkyl, optionally substituted aryl, optionally
substituted heteroaryl, and -NR79R80, wherein methyl
is substituted with one or more substituents selected
from the group consisting of optionally substituted
aryl and optionally substituted heteroaryl; R68 is
selected from the group consisting of optionally
substituted lower alkyl, optionally substituted lower
alkenyl, provided, however, that when R68 is
optionally substituted lower alkenyl, no alkene carbon
thereof is bound to N, S, O, S(O), S(O)2, C(O) or C(S)
of -OR68, -SR68, -NR69R68, -C(O)R68, -C(S)R68,
-C(O)OR68, -C(O)NR69R68 -C(S)NR69R68, -S(O)2NR69R68,
-NR69C(O)R68, -NR69C(S)R68, -NR69S(O)2R68,
-NR69C(O)NH2,-NR69C(O)NR 69R68, -NR69C(S)NH2,
-NR69C(S)NR 69R68, -NR69S(O)2NH2, -NR69S(O)2NR69R68,
-S(O)R 68, or -S(O)2R68, optionally substituted lower
alkynyl, provided, however, that when R68 is
optionally substituted lower alkynyl, no alkyne carbon
thereof is bound to N, S, O, S(O), S(O)2, C(O) or C(S)
of -OR68, -SR68, -NR69R68, -C(O)R 68, -C(S)R68,
-C(O)OR 68, -C(O)NR 69R68, -C(S)NR 69R68,
-S(O)2NR69R68, -NR6 C(O)R 68, -NR69C(S)R 68,
-NR69S(O)2R68, -NR69C(O)NH 2, -NR69C(O)NR 69R68,
-NR69C(S)NH 2, -NR69C(S)NR 69R68, -NR69S(O)2NH2,
-NR69S(O)2NR69R68, -S(O)R 68, or -S(O)2R68, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and
optionally substituted heteroaryl; R69 is hydrogen or
optionally substituted lower alkyl; and R79 and R80
are independently hydrogen or optionally substituted
lower alkyl, or R79 and R80 combine with the nitrogen
to which they are attached to form optionally
substituted 5-7 membered heterocycloalkyl. [0049] In
some embodiments of compounds of Formula HIk, Ai is
-CR40R4 1- or -C(O)-, preferably -CH2- or -C(O)-, more
preferably -C(O)-. [0050] In some embodiments of
compounds of Formula IHk, Ai is -CR40R4 1- or -C(O)-,
preferably -CH2- or -C(O)-, more preferably -C(O)-,
and R8 1 is selected from the group consisting of
hydrogen, halogen, optionally substituted lower alkyl,
optionally substituted lower alkenyl, optionally
substituted lower alkynyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl, 



optionally substituted aryl, optionally substituted
heteroaryl, -CN, -S(O)2NH2, -C(O)NH 2, -OR68, -SR68,
-NR69R68, -C(O)R 68, -C(S)R 68, -C(O)NR 69R68,
-S(O)2NR69R68, -NR69C(O)R 68, -NR69S(O)2R68, -S(O)R
68, and -S(O)2R68. [0051] In some embodiments,
compounds of Formula III have the structure according
to the following sub-generic structure Formula IHm:
Formula HEm all salts, prodrugs, tautomers and isomers
thereof, wherein: R8 1 is selected from the group
consisting of hydrogen, halogen, optionally
substituted lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl,optionally substituted heteroaryl, -OH, -NH2,
-CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2, -C(S)NH2,
-NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2, -OR68, -SR68,
-NR69R68, -C(O)R68, -C(S)R68, -C(O)OR68, -C(O)NR69R68,
-C(S)NR69R68, -S(O)2NR69R68, -NR69C(O)R68,
-NR69C(S)R68, -NR69S(O)2R68, -NR69C(O)NH2,
-NR69C(O)NR69R68, -NR69C(S)NH2, -NR69C(S)NR69R68,
-NR69S(O)2NH2, -NR69S(O)2NR69R68, -S(O)R68, and
-S(O)2R68; R83 is selected from the group consisting
of hydrogen, fluoro and chloro; R112 is selected from
the group consisting of optionally substituted C2-6
alkyl, optionally substituted aryl, optionally
substituted heteroaryl, and -NR79R80; R68 is selected
from the group consisting of optionally substituted
lower alkyl, optionally substituted lower alkenyl,
provided, however, that when R68 is optionally
substituted lower alkenyl, no alkene carbon thereof is
bound to N, S, O, S(O), S(O)2, C(O) or C(S) of -OR68,
-SR68, -NR69R68, -C(O)R68, -C(S)R68, -C(O)OR68,
-C(O)NR69R68, -C(S)NR6V 8, -S(O)2NR69R68,
-NR69C(O)R68, -NR69C(S)R68, -NR69S(O)2R68,
-NR69C(O)NH2, -NR69C(O)NR69R68, -NR69C(S)NH2,
-NR69C(S)NR69R68, -NR69S(O)2NH2, -NR69S(O)2NR69R68,
-S(O)R68, or -S(O)2R68, optionally substituted lower
alkynyl, provided, however, that when R68 is
optionally substituted lower alkynyl, no alkyne carbon
thereof is bound to N, S, O, S(O), S(O)2, C(O) or C(S)
of -OR68, -SR68, -NR69R68, -C(O)R68, -C(S)R68,
-C(O)OR68, -C(O)NR69R68, -C(S)NR69R68, -S(O)2NR69R68,
-NR69C(O)R68, -NR69C(S)R68, -NR69S(O)2R68,
-NR69C(O)NH2, -NR69C(O)NR69R68, -NR69C(S)NH2,
-NR69C(S)NR69R68, -NR69S(O)2NH2, -NR69S(O)2NR69R68,
-S(O)R68, or -S(O)2R68, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; R69 is selected from the group
consisting of hydrogen and optionally substituted
lower alkyl; and R79 and R80 are independently
hydrogen or optionally substituted lower alkyl, or R79
and R80 combine with the nitrogen to which they are
attached to form optionally substituted 5-7 membered
heterocycloalkyl. [0052] In some embodiments of
compounds of Formula Illm, R8 1 is selected from the
group consisting of hydrogen, halogen, optionally
substituted lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkynyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -CN,
-S(O)2NH2, -C(O)NH2, -OR68, -SR68, -NR69R68, -C(O)R68,
-C(S)R68, -C(O)NR69R68, -S(O)2NR69R68, -NR69C(O)R68,
-NR69S(O)2R68, -S(O)R68, and -S(O)2R68. [0053] In one
aspect, the present invention includes compounds that
are useful as intermediates in the preparation of
compounds of Formula III, the compounds having a
structure selected from thegroup consisting of Formula
IV, Formula V, Formula VI, Formula VII, Formula VIII,
and Formula IX as follows: Formula V Formula VI > > >
Formula VII Formula VIII and Formula EX wherein: Z2,
Z4, Z5, Z6, L2, X, s, R15, R17, R31, R32, R33, R37,
R38, R42, R43, R45, R46, and R47 are as defined for
Formula III; R108 is selected from the group
consisting of -C(O)R84, -CH2I, -CH2Cl, -CH2Br, -CH2OH,
and -CH2OS(O)2R109; R109 is selected from the group
consisting of lower alkyl and aryl; R84 is selected
from the group consisting of hydrogen, lower alkoxy,
-OH, and -Cl; R85 is selected from the group
consisting of hydrogen, a nitrogen protecting group,
-S(O)2R87, -C(O)NR88R89, and -C(S)NR88R89; R86 is
selected from the group consisting of hydrogen, lower
alkyl, and a nitrogen protecting group; R87 is
selected from the group consisting of optionally
substituted lower alkyl, optionally substituted lower
alkenyl, provided, however, that when R87 is
optionally substituted lower alkenyl, no alkene carbon
thereof is bound to S(O)2, optionally substituted
lower alkynyl, provided, however, that when R87 is
optionally substituted lower alkynyl, no alkyne carbon
thereof is bound to S(O)2, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, and -NR 90R9 1; and R88, R89 , R90 and R9
1 are independently selected from the group consisting
of hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl and optionally substituted heteroaryl; orR88 and
R89 together with the nitrogen to which they are
attached form optionally substituted 5-7 membered
lieterocycloalkyl or optionally substituted 5 or 7
membered nitrogen containing heteroaryl. [0054] In
some embodiments of compounds of Formulae IV, V, VI,
VII, or VIII, R108 is -C(O)R84, preferably wherein R84
is hydrogen. In some embodiments of compounds of
Formulae IV, V, VI, VII, or Vip , Z2 is N or CR12 , Z4
is N or CR14 , Z5 is N or CR15 , and Z6 is N or CR16
and R12, R14, R15, R16, R17 , R42, R43, R45, R46 and
R47 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy. [0055] In some embodiments,
compounds of Formula IV have the structure according
to the following sub-generic structure Formula IVa:
Formula FVa wherein: R84 is selected from the group
consisting of hydrogen, lower alkoxy, -OH, and -Cl;
R92, R93 , R95 , and R96 are independently selected
from the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy; L4 is selected
from the group consisting of -NR48-, -S-, -O-,
-NR48CH(R49)-, -SCH(R49)-, -OCH(R49)-, -C(O)NR48-,
-S(O)2NR48-, -CH(R49)NR48-, -CH(R49)O-, -CH(R49)S-,
-NR48C(O)-, and -NR48S(O)2-; Cy is selected from the
group consisting of cycloalkyl, heterocycloalkyl, aryl
and heteroaryl; R97 at each occurrence is
independently selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR57, -SR57, -NR48R57, -NR48C(O)R57, -NR48S(O)2R57,
-S(O)2R57, -C(O)R57, -C(O)OR57, -C(O)NR48R57,
-S(O)2NR48R57, halogen, lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl as
R97, or as substituents of lower alkyl, are optionally
substituted with one or more substituents selected
from the group consisting of -OH, -NH2, -CN, -NO2,
-C(O)OH, -S(O)2NH2, -C(O)NH2, -OR58, -SR58,-NR48R58,
-NR48C(O)R58, -NR48S(O)2R58, -S(O)2R58, -C(O)R58,
-C(O)OR58, -C(O)NR48R58, -S(O)2NR48R58, halogen, lower
alkyl, fluoro substituted lower alkyl, and
cycloalkylamino; R49 is selected from the group
consisting of hydrogen, lower alkyl, and fluoro
substituted lower alkyl; R57 is selected from the
group consisting of lower alkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein lower
alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, provided,
however, that any substitution of the alkyl carbon
bound to O, S, or N of -OR57, -SR57, -NR48R57,
-C(O)OR57, -C(O)NR48R57 , or -S(O)2NR48R57 is fluoro,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl as R57 or as substituents of lower alkyl
are optionally substituted with one or more
substituents selected from the group consisting of
-OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, 



lower alkyl, fluoro substituted lower alkyl, and
cycloalkylamino; and R58 at each occurrence is
independently selected from the group consisting of
lower alkyl, heterocycloalkyl and heteroaryl, wherein
lower alkyl is optionally substituted with one or more
substituents selected from the group consisting of
fluoro, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
monoalkylamino, di-alkylamino, and cycloalkylamino,
provided, however, that any substitution of the alkyl
carbon bound to O, S, or N of -OR58, -SR58, -NR48R58,
-C(O)OR58, -C(O)NR48R58, or -S(O)2NR48R58 is fluoro;
R48 at each occurrence is independently hydrogen or
lower alkyl; and u is O, 1, 2, or 3. [0056] In some
embodiments of compounds of Formula IVa, at least two
of R92, R93, R95 and R96 are hydrogen. In some
embodiments, at least two of R92, R93, R95 and R96 are
hydrogen, L4 is -NR48CH(R49)-, -SCH(R49)-, or
-OCH(R49)-, preferably L4 is -OCH2-, Cy is aryl or
heteroaryl, and each R97 is independently selected
from the group consisting of halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy. [0057] In some
embodiments, compounds of Formula IV have the
structure according to the following sub-generic
structure Formula IVb:Formula IVb wherein R84, R92,
R93, R95, R96, R97, Cy and u are as defined for
Formula IVa, and r is 0, 1 or 2. [0058] In some
embodiments of compounds of Formula IVb5 at least two
of R92, R93, R95 and R96 are hydrogen. In some
embodiments, at least two of R92, R93, R95 and R96 are
hydrogen, Cy is aryl or heteroaryl, and each R97 is
independently selected from the group consisting of
halogen, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, and fluoro substituted lower alkoxy.
[0059] In some embodiments, compounds of Formula V
have the structure according to the following
sub-generic structure Formula Va: Formula Va wherein:
R84 is selected from the group consisting of hydrogen,
lower alkoxy, -OH, and -Cl; R92, R93 , R95, and R96
are independently selected from the group consisting
of hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy; R98 is selected from the group
consisting of hydrogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy; and s is 0, 1, or 2; [0060]
In some embodiments, compounds of Formula VI have the
structure according to the following sub-generic
structure Formula Via: Formula Via wherein: R84 is
selected from the group consisting of hydrogen, lower
alkoxy, -OH, and -Cl;R92, R94, R95 and R96 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy; L4 is selected from the group consisting
of -NR48-, -S-, -O-, -NR48CH(R49)-, -SCH(R49)-,
-OCH(R49)-, -C(O)NR48-, -S(O)2NR48-, -CH(R49)NR48-,
-CH(R49)O-, -CH(R49)S-, -NR48C(O)-, and -NR48S(O)2-;
Cy is selected from the group consisting of
cycloalkyl, heterocycloalkyl, aryl and heteroaryl; R97
at each occurrence is independently selected from the
group consisting of -OH, -NH2, -CN, -NO2, -C(O)OH,
-S(O)2NH2, -C(O)NH2, -OR57, -SR57, -NR48R57,
-NR48C(O)R57, -NR48S(O)2R57, -S(O)2R57, -C(O)R57,
-C(O)OR57, -C(O)NR48R57, -S(O)2NR48R57, halogen, lower
alkyl, cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl, wherein cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl as R97, or as substituents of
lower alkyl, are optionally substituted with one or
more substituents selected from the group consisting
of -OH, -NH2, -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O) R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R49 is
selected from the group consisting of hydrogen, lower
alkyl, and fluoro substituted lower alkyl; R57 is
selected from the group consisting of lower alkyl,
cycloalkyl, heterocycloalkyl, aryl and heteroaryl,
wherein lower alkyl is optionally substituted with one
or more substituents selected from the group
consisting of fluoro, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
provided, however, that any substitution of the alkyl
carbon bound to O, S, or N of -OR57, -SR57, -NR48R57,
-C(O)OR57, -C(O)NR48R57, or -S(O)2NR48R57 is fluoro,
cycloalkyl, heterocycloalkyl, aryl or heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl as R57 or as substituents of lower alkyl
are optionally substituted with one or more
substituents selected from the group consisting of
-OH, -NH , -CN, -NO2, -C(O)OH, -S(O)2NH2, -C(O)NH2,
-OR58, -SR58, -NR48R58, -NR48C(O)R58, -NR48S(O)2R58,
-S(O)2R58, -C(O)R58, -C(O)OR58, -C(O)NR48R58,
-S(O)2NR48R58, halogen, lower alkyl, fluoro
substituted lower alkyl, and cycloalkylamino; R58 at
each occurrence is independently selected from the
group consisting of lower alkyl, heterocycloalkyl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more substituents selected
from the group consisting of fluoro, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, monoalkylamino,
di-alkylamino, and cycloalkylamino, provided, however,
that any substitution ofthe alkyl carbon bound to O, S
or N of -OR58, -SR58, -NR48R58, -C(O)OR58,
-C(O)NR48R58, or -S(O)2NR48R58 is fluoro; R48 at each
occurrence is independently hydrogen or lower alkyl;
and u is 0, 1, 2 or 3. [0061] In some embodiments of
compounds of Formula Via, at least two of R92, R94 R95
and R96 are hydrogen. In some embodiments, at least
two of R92, R94, R95 and R96 are hydrogen, L4 is
-NR48CH(R49)-, -SCH(R49)-, or -OCH(R49)-, preferably
L4 is -OCH2-, Cy is aryl or heteroaryl, and each R97
is independently selected from the group consisting of
halogen, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, and fluoro substituted lower alkoxy.
[0062] In some embodiments, compounds of Formula VI
have the structure according to the following
sub-generic structure Formula VIb: Formula VIb wherein
R84, R92, R94, R95, R96, R97, Cy and u are as defined
for Formula Via and r is 0, 1 or 2. [0063] In some
embodiments of compounds of Formula VIb, at least two
of R92, R94, R95 and R96 are hydrogen. In some
embodiments, at least two of R92, R94, R95 and R96 are
hydrogen, Cy is aryl or heteroaryl, and each R97 is
independently selected from the group consisting of
halogen, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, and fluoro substituted lower alkoxy.
[0064] In some embodiments, compounds of Formula VII
have the structure according to the following
sub-generic structure Formula Vila: Formula Vila
wherein: R84 is selected from the group consisting of
hydrogen, lower alkoxy, -OH, and -Cl; R92, R94, R95,
and R96 are independently selected from the group
consisting of hydrogen, halogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy;R99 is selected from the
group consisting of optionally substituted lower
alkyl, optionally substituted aryl, optionally
substituted heteroaryl, and -NR79R80; and R79 and R80
are independently hydrogen or optionally substituted
lower alkyl, or R79 and Rso combine with the nitrogen
to which they are attached to form optionally
substituted 5-7 membered heterocycloalkyl. [0065] In
some embodiments of compounds of Formula Vila, one of
R92 and R96 is selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy, and the other of R92 and R96 is selected
from the group consisting of halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy; in further
embodiments, one of R92 and R96 is hydrogen, fluoro or
chloro, and the other of R92 and R96 is fluoro or
chloro; in further embodiments, R92 is fluoro and R96
is hydrogen, fluoro, or chloro; in further
embodiments, R92 and R96 are both fluoro. [0066] In
some embodiments of compounds of Formula Vila, R94 and
R95 are hydrogen; in further embodiments, one of R92
and R96 is selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy and the other of R92 and R96 is selected
from the group consisting of halogen, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, and
fluoro substituted lower alkoxy; in further
embodiments, one of R92 and R96 



is selected from hydrogen, fluoro or chloro and the
other of R92 and R96 is selected from fluoro or
chloro; in further embodiments, R92 is fluoro and R96
is selected from hydrogen, fluoro, or chloro; in
further embodiments, R92 and R9 are both fluoro.
[0067] In some embodiments, compounds of Formula VII
have the structure according to the following
sub-generic structure Formula VIIb: Formula VIIb
wherein: X is O or S; R84 is selected from the group
consisting of hydrogen, lower alkoxy, -OH, and -Cl;
R92, R94, R95, and R96 are independently selected from
the group consisting of hydrogen, halogen, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
and fluoro substituted lower alkoxy; R82 is hydrogen
or lower alkyl;one of R100 and R101 is lower alkyl,
fluoro substituted lower alkyl, or -(CH2V 2R70, and
the other of R100 and R101 is hydrogen or lower alkyl;
or R100 and R101 together with the nitrogen to which
they are attached form optionally substituted 5-7
membered heterocycloalkyl or optionally substituted 5
or 7 membered nitrogen containing heteroaryl; and R70
is selected from the group consisting of optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and
optionally substituted heteroaryl. [0068] In some
embodiments of compounds of Formula VIIb, at least two
of R92, R94, R95 and R96 are hydrogen. In some
embodiments, at least two of R92 , R94, R95 and R96
are hydrogen, and R70 is aryl or heteroaryl, wherein
aryl and heteroaryl are optionally substituted with
one or more substituents selected from the group
consisting of halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy. [0069] In some embodiments, compounds of
Formula VDI have the structure according to the
following sub-generic structure Formula Villa: Formula
Villa wherein: X is O or S; R84 is selected from the
group consisting of hydrogen, lower alkoxy, -OH, and
-Cl; R102, R103, R105, R106, and R107 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fluoro substituted
lower alkoxy; one of R100 and R101 is lower alkyl,
fluoro substituted lower alkyl, or -(CH2V2R70 and the
other of R100 and R101 is hydrogen or lower alkyl; or
R100 and R101 together with the nitrogen to which they
are attached form optionally substituted 5-7 membered
heterocycloalkyl or optionally substituted 5 or 7
membered nitrogen containing heteroaryl; and R70 is
selected from the group consisting of optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and
optionally substituted heteroaryl. [0070] In some
embodiments of compounds of Formula Villa, at least
two, also at least three, also at least four, or all
of R102, R103, R105, R106, and R107 are hydrogen. In
some embodiments, at least two,also at least three,
also at least four, or all of R102, R103 , R105 ,
R106, and R107 are hydrogen, and R70 is aryl or
heteroaryl, wherein aryl and heteroaryl are optionally
substituted with one or more substituents selected
from the group consisting of halogen, lower alkyl,
fiuoro substituted lower alkyl, lower alkoxy, and
fiuoro substituted lower alkoxy. [0071] In some
embodiments, compounds of Formula IX have the
structure according to the following sub-generic
structure Formula DCa: Formula DCa wherein: Rs4 is
selected from the group consisting of hydrogen, lower
alkoxy, -OH, and -Cl; R92, R95, and R96 are
independently selected from the group consisting of
hydrogen, halogen, lower alkyl, fluoro substituted
lower alkyl, lower alkoxy, and fiuoro substituted
lower alkoxy; R98 is selected from the group
consisting of hydrogen, lower alkyl, fluoro
substituted lower alkyl, lower alkoxy, and fluoro
substituted lower alkoxy; and s is O, 1, or 2. [0072]
In some embodiments of any of the above embodiments of
compounds of Formula IVa, IVb, Va, Via, VIb, Vila,
VIIb, Villa, or DCa, R84 is hydrogen. [0073] In some
embodiments of the above compounds, compounds are
excluded where N (except where N is a heteroaryl ring
atom), O, or S is bound to a carbon that is also bound
to N (except where N is a heteroaryl ring atom), O, or
S; or where N (except where N is a heteroaryl ring
atom), O, C(S), C(O), or S(O)n (n is 0-2) is bound to
an alkene carbon of an alkenyl group or bound to an
alkyne carbon of an alkynyl group; accordingly, in
some embodiments compounds which include linkages such
as the following are excluded from the present
invention: -NR-CH 2-NR-, -0-CH 2-NR-, -S-CH 2-NR-,
-NR-CH 2-O-, -0-CH 2-O-, -S-CH2-O-, -NR-CH2-S-, -0-CH
2-S-, -S-CH 2-S-, -NR-CH=CH-, -CH=CH-NR-, -NR-C -,
-CaC-NR-, -0-CH=CH-, -CH=CH-O-, -0-CsC-, -CaC-O-,
-S(OV 2-CH=CH-, -CH=CH-S(O) 0-2-, -S(OV 2-CsC-, -C
HC-S(O) 0-2-, -C(O)-CH=CH-, -CH=CH-C(O)-, -CsC-C(O)-,
or -C(O)-C HC-, -C(S)-CH=CH-, -CH=CH-C(S)-, -C
HC-C(S)-, or -C(S)-CaC-. [0074] In reference to
compounds herein, specification of a compound or group
of compounds includes pharmaceutically acceptable
salts of such compound(s), prodrug(s), and all
stereoisomers,unless clearly indicated to the
contrary. In reference to compounds of Formula III, it
is understood that such reference includes compounds
of Formulae IIIa-IHq, and all sub-embodiments thereof.
[0075] In one aspect, the invention provides methods
for treating a protein kinase mediated disease or
condition in an animal subject, wherein the method
involves administering to the subject an effective
amount of a compound of Formula III. The terms
"treat," "therapy," and like terms refer to the
administration of material, e.g., compound of Formula
HI, in an amount effective to prevent, alleviate, or
ameliorate one or more symptoms of a disease or
condition, i.e., indication, and/or to prolong the
survival of the subject being treated. The term
"protein kinase mediated disease or condition" refers
to a disease or condition in which the biological
function of a protein kinase affects the development
and/or course of the disease or condition, and/or in
which modulation of the protein kinase alters the
development, course, and/or symptoms of the disease or
condition. A protein kinase mediated disease or
condition includes a disease or condition for which
modulation provides a therapeutic benefit, e.g.
wherein treatment with protein kinase inhibitors,
including compounds described herein, provides a
therapeutic benefit to the subject suffering from or
at risk of the disease or condition. In one aspect,
the method involves administering to the subject an
effective amount of a compound of Formula III in
combination with one or more other therapies for the
disease or condition. [0076] In one aspect, the
invention provides methods for treating a Raf protein
kinase mediated disease or condition in an animal
subject, wherein the method involves administering to
the subject an effective amount of a compound of
Formula III. The terms "Raf protein kinase mediated
disease or condition," "Raf mediated disease or
condition," and the like refer to a disease or
condition in which the biological function of a Raf
kinase, including any mutations thereof, affects the
development and/or course of the disease or condition,
and/or in which modulation of the Raf protein kinase
alters the development, course, and/or symptoms of the
disease or condition. The Raf protein kinase includes,
but is not limited to, B-Raf, mutations of B-Raf,
c-Raf-1 and mutations of c-Raf-1 . In some
embodiments, the Raf protein kinase is B-Raf mutation
V600E. In further embodiments, the disease or
condition is a cancer that is amenable to treatment by
an inhibitor of the V600E mutant B-Raf. A Raf protein
kinase mediated disease or condition includes a
disease or condition for which Raf inhibition provides
a therapeutic benefit, e.g. wherein treatment with Raf
inhibitors, including compounds described herein,
provides a therapeutic benefit to the subject
suffering from or at risk of the disease or condition.
In one aspect, the method involves administering to
the subject an effective amount of a compound of
Formula III in combination with one or more other
therapies for the disease or condition. [0077] In one
aspect, the invention provides methods for treating a
Fms protein kinase mediated disease or condition in an
animal subject, wherein the method involves
administering to the subject aneffective amount of a
compound of Formula HI. The terms "Fms protein kinase
mediated disease or condition," "Fms mediated disease
or condition," and the like refer to a disease or
condition in which the biological function of a Fms
protein kinase, including any mutations thereof,
affects the development and/or course of the disease
or condition, and/or in which modulation of Fms alters
the development, course, and/or symptoms of the
disease or condition. A Fms mediated disease or
condition includes a disease or condition for which
Fms inhibition provides a therapeutic benefit, e.g.
wherein treatment with Fms inhibitors, including
compounds described herein, provides a therapeutic
benefit to the subject suffering from or at risk of
the disease or condition. In one aspect, the method
involves administering to the subject an effective
amount of a compound of Formula III in combination
with one or more other therapies for the disease or
condition. 



[0078] In one aspect, the invention provides methods
for treating a Kit protein kinase mediated disease or
condition in an animal subject, wherein the method
involves administering to the subject an effective
amount of a compound of Formula III. The terms "Kit
mediated disease or condition," "Kit protein kinase
mediated disease or condition," and the like refer to
a disease or condition in which the biological
function of a Kit protein kinase, including any
mutation thereof, affects the development and/or
course of the disease or condition, and/or in which
modulation of Kit alters the development, course,
and/or symptoms of the disease or condition. A Kit
mediated disease or condition includes a disease or
condition for which Kit inhibition provides a
therapeutic benefit, e.g. wherein treatment with Kit
inhibitors, including compounds described herein,
provides a therapeutic benefit to the subject
suffering from or at risk of the disease or condition.
In one aspect, the method involves administering to
the subject an effective amount of a compound of
Formula III in combination with one or more other
therapies for the disease or condition. [0079] In one
aspect, the invention provides methods for treating a
Jnk protein kinase mediated disease or condition in an
animal subject, wherein the method involves
administering to the subject an effective amount of a
compound of Formula III. The terms "Jnk mediated
disease or condition," "Jnk protein kinase mediated
disease or condition," and the like refer to a disease
or condition in which the biological function of a Jnk
kinase, e.g. Jnkl, Jnk2, Jnk3, or any mutation
thereof, affects the development and/or course of the
disease or condition, and/or in which modulation of
the Jnk kinase alters the development, course, and/or
symptoms of the disease or condition. A Jnk mediated
disease or condition includes a disease or condition
for which Jnk inhibition provides a therapeutic
benefit, e.g. wherein treatment with Jnk inhibitors,
including compounds described herein, provides a
therapeutic benefit to the subject suffering from or
at risk of the disease or condition. In one aspect,
the method involves administering to the subject an
effective amount of a compound of Formula III in
combination with one or more other therapies for the
disease or condition. The Jnk protein kinase includes,
but is not limited to, Jnkl, Jnk2, or Jnk3.[0080] In
some embodiments, a compound of the invention has an
IC50 of less than 500 nm, less than 100 nM, less than
50 nM, less than 20 nM, less than 10 nM, less than 5
nM, or less than 1 nM as determined in a generally
accepted kinase activity assay. In some embodiments, a
compound of Formula m will have an IC50 of less than
500 nm, less than 100 nM, less than 50 nM, less than
20 nM, less than 10 nM, less than 5 nM, or less than 1
nM with respect to at least one kinase selected from
the group consisting of B-Raf, c-Raf-1, Fms, JrM,
Jnk2, Jnk3, and Kit, and any mutations thereof. In
some embodiments, a compound of Formula III will have
an IC5O of less than 500 nm, less than 100 nM, less
than 50 nM, less than 20 nM, less than 10 nM, less
than 5 nM, or less than 1 nM with respect to at least
one kinase selected from the group consisting of
B-Raf, B-Raf V600E mutant, c-Raf-1, Fms, Jnkl, Jnk2,
Jnk3, and Kit, preferably B-Raf, B-Raf V600E mutant or
c-Raf-1. [0081] In some embodiments, a compound of
Formula III is an inhibitor of a Raf kinase and has an
IC50 of less than 500 nm, less than 100 nM, less than
50 nM, less than 20 nM, less than 10 nM, less than 5
nM, or less than 1 nM as determined in a generally
accepted Raf kinase activity assay. In some
embodiments, a compound of Formula III will have an
IC50 of less than 500 nm, less than 100 nM, less than
50 nM, less than 20 nM, less than 10 nM, less than 5
nM, or less than 1 nM with respect to B-Raf, c-Raf-1,
or B-Raf V600E mutant. In some embodiments, a compound
of Formula III will selectively inhibit one Raf kinase
relative to one or more other Raf kinases. In some
embodiments, the compound of Formula III will
selectively inhibit a mutation of the Raf kinase
relative to the wild type kinase, for example B-Raf
V600E relative to wild type B-Raf. [0082] In some
embodiments, a compound of Formula III is an inhibitor
of a Fms kinase and has an IC50 of less than 500 nm,
less than 100 nM, less than 50 nM, less than 20 nM,
less than 10 nM, less than 5 nM, or less than 1 nM as
determined in a generally accepted Fms kinase activity
assay. In some embodiments, a compound of Formula III
will selectively inhibit Fms kinase relative to Kit
kinase. [0083] In some embodiments, a compound of
Formula III is an inhibitor of a Kit kinase and has an
IC50 of less than 500 nm, less than 100 nM, less than
50 nM, less than 20 nM, less than 10 nM, less than 5
nM, or less than 1 nM as determined in a generally
accepted Kit kinase activity assay. [0084] In some
embodiments, a compound of Formula III is an inhibitor
of a Jnk kinase and has an IC50 of less than 500 nm,
less than 100 nM, less than 50 nM, less than 20 nM,
less than 10 nM, less than 5 nM, or less than 1 nM as
determined in a generally accepted Jnk kinase activity
assay. In some embodiments, a compound of Formula JJI
is an inhibitor of a Jnkl kinase and has an IC50 of
less than 500 nm, less than 100 nM, less than 50 nM,
less than 20 nM, less than 10 nM, less than 5 nM, or
less than 1 nM as determined in a generally accepted
Jnkl kinase activity assay. In some embodiments, a
compound of Formula III is an inhibitor of a Jnk2
kinase and has an IC5Oof less than 500 nm, lessthan
100 nM, less than 50 nM, less than 20 nM, less than 10
nM, less than 5 nM, or less than 1 iiM as determined
in a generally accepted Jnk2 kinase activity assay. In
some embodiments, a compound of Formula III is an
inhibitor of a Jnk3 kinase and has an IC50 of less
than 500 nm, less than 100 nM, less than 50 nM, less
than 20 nM, less than 10 nM, less than 5 nM, or less
than 1 nM as determined in a generally accepted Jnk3
kinase activity assay. In some embodiments, a compound
of Formula III will selectively inhibit one Jnk kinase
relative to one or more other Jnk kinases, such as
selectively inhibiting Jnk 1 relative to Jnk 2 and/or
Jnk3, selectively inhibiting Jnk2 relative to Jnk3
and/or Jnkl, or selectively inhibiting Jnk3 relative
to Jnkl and/or Jnk 2. [0085] Further to any of the
above mentioned embodiments, a compound of the
invention will inhibit the effects of a mutation of
the kinase, including, but not limited to, a mutation
that is related to a disease state, such as a cancer.
For example, B-Raf V600E mutant is present in a high
percentage of some cancers, such as melanoma, and
compounds of the invention will inhibit the kinase
activity of this mutant. [0086] Further to any of the
above embodiments, a compound of the invention may
selectively inhibit one kinase relative to one or more
other kinases, where preferably inhibition is
selective with respect to any of the other kinases,
whether a kinase discussed herein, or other kinases.
In some embodiments, the compound may selectively
inhibit the effects of a mutation of the kinase
relative to the wild type kinase, for example B-Raf
V600E relative to wild type B-Raf. In some
embodiments, the compound may selectively inhibit Fms
relative to Kit. Selective inhibition of one kinase
relative to another is such that the IC50 for the one
kinase may be at least about 2-fold, also 5-fold, also
10-fold, also 20-fold, also 50-fold, or at least about
100-fold less than the IC50 for any of the other
kinases as determined in a generally accepted kinase
activity assay. [0087] In another aspect, the
invention provides methods for treating a protein
kinase mediated disease or condition in an animal
subject, wherein the method involves administering to
the subject an effective amount of a composition
including a compound of Formula III. [0088] In one
aspect, the invention provides methods for treating a
disease or condition mediated by a protein kinase
selected from the group consisting of B-Raf, c-Raf-1,
Fms, Jnkl, Jnk2, Jnk3, and Kit, and any mutations
thereof, by administering to the subject an effective
amount of a composition including a compound of
Formula III. [0089] In one aspect, the invention
provides methods for treating a disease or condition
mediated by B-Raf, c-Raf-1 , or B-Raf V600E by
administering to the subject an effective amount of a
composition including a compound of Formula IJJ. In
one aspect, the invention provides methods for
treating a disease or condition mediated by B-Raf,
c-Raf-1, or B-Raf V600E by administering to thesubject
an effective amount of a composition including a
compound of Formula III in combination with one or
more other suitable therapies for treating the disease
or condition. In one aspect, the invention provides
methods for treating a cancer mediated by B-Raf V600E
mutant by administering to the subject an effective
amount of a composition including a compound of
Formula III in combination with one or more suitable
anticancer therapies, such as one or more
chemotherapeutic drugs. [0090] In another aspect, the
invention provides a method of treating or prophylaxis
of a disease or condition in a mammal, by
administering to the mammal a therapeutically
effective amount of a compound of Formula III, a
prodrug of such compound, or a pharmaceutically
acceptable salt of such compound or prodrug. The
compound can be alone or can be part of a composition.
In another aspect, the invention provides a method of
treating or prophylaxis of a disease or condition in a
mammal, by administering to the mammal a
therapeutically effective amount of a compound of
Formula HI, a prodrug of such compound, or a
pharmaceutically acceptable salt of such compound or
prodrug in combination with one or more other suitable
therapies for the disease or condition. [0091] In
another aspect, the invention provides compositions
that include a therapeutically effective amount of a
compound of Formula III and at least one
pharmaceutically acceptable carrier, excipient, and/or
diluent. The composition can include a plurality of
different pharmacologically active compounds, which
can include a plurality of compounds of Formula III.
[0092] In a related aspect, the invention provides
kits that include a composition as described herein.
In some embodiments, the composition is packaged,
e.g., in a vial, bottle, flask, which may be further
packaged, e.g., within a box, envelope, or bag; the
composition is approved by the U.S. Food and Drug
Administration or similar regulatory agency for
administration to a mammal, e.g., a human; the
composition is approved for administration to a
mammal, e.g., a human, for a protein kinase 



mediated disease or condition; the invention kit
includes written instructions for use and/or other
indication that the composition is suitable or
approved for administration to a mammal, e.g., a
human, for a protein kinase-mediated disease or
condition; and the composition is packaged in unit
dose or single dose form, e.g., single dose pills,
capsules, or the like. [0093] In aspects involving
treatment or prophylaxis of a disease or condition
with the compounds of Formula III, the disease or
condition is, for example without limitation, selected
from the group consisting of neurologic diseases such
as ischemic stroke, cerebrovascular ischemia,
multi-infarct dementia, head injury, spinal cord
injury, Alzheimer's disease (AD), Parkinson's disease,
amyotrophic lateral sclerosis, dementia, senile
chorea, and Huntington's disease; neoplastic diseases
and associated complications, including
chemotherapy-induced hypoxia, gastrointestinal stromal
tumors (GISTs), prostate tumors, mast cell tumors
(including canine mast cell tumors), acute myeloid
leukemia, acutelymphocytic leukemia, chronic myeloid
leukemia, multiple myeloma, melanoma, mastocytosis,
gliomas, glioblastoma, astrocytoma, neuroblastoma,
sarcomas (e.g. sarcomas of neuroectodermal origin),
carcinomas (e.g. lung, breast, pancreatic, renal,
female genital tract, carcinoma in situ), lymphoma
(e.g. histiocytic lymphoma), neurofibromatosis
(including Schwann cell neoplasia), myelodysplastic
syndrome, leukemia, tumor angiogenesis, and cancers of
the thyroid, liver, bone, skin, brain, pancreas, lung
(e.g. small cell lung cancer), breast, colon,
prostate, testes and ovary; pain of neuropathic or
inflammatory origin, including acute pain, chronic
pain, and migraine; cardiovascular diseases including
heart failure, cardiac hypertrophy, thrombosis (e.g.
thrombotic microangiopathy syndromes),
atherosclerosis, reperfusion injury and ischemia (e.g.
cerebrovascular ischemia, liver ischemia);
inflammation including, but not limited to, polycystic
kidney disease (PKD), age-related macular
degeneration, rheumatoid arthritis, allergic rhinitis,
inflammatory bowel disease (IBD), ulcerative colitis,
Crohn's disease, systemic lupus erythematosis,
Sjogren's Syndrome, Wegener's granulomatosis,
psoriasis, scleroderma, chronic thyroiditis, Grave's
disease, myasthenia gravis, multiple sclerosis,
osteoarthritis, endometriosis, scarring, vascular
restenosis, fibrotic disorders, hypereosinophilia, CNS
inflammation, pancreatitis, nephritis, atopic
dermatitis, and hepatitis; immunodeficiency diseases,
organ transplant rejection, graft versus host disease;
renal or prostatic diseases including diabetic
nephropathy, nephrosclerosis, glomerulonephritis,
interstitial nephritis, Lupus nephritis, prostate
hyperplasia, chronic renal failure, tubular necrosis,
diabetesassociated renal complications, and
hypertrophy; metabolic diseases including type 1
diabetes, type 2 diabetes, metabolic syndrome,
obesity, hepatic steatosis, insulin resistance,
hyperglycemia, lipolysis and obesity; infection,
including, but not limited to Helicobacter pylori and
Influenza virus, fever, sepsis; pulmonary diseases
including chronic obstructive pulmonary disease
(COPD), acute respiratory distress syndrome (ARDS),
asthma, allergy, bronchitis, emphysema, and pulmonary
fibrosis; genetic developmental diseases such as
Noonan's syndrome, Costello syndrome,
(faciocutaneoskeletal syndrome), leopard syndrome,
cardio-faciocutaneous syndrome (CFC) and neural crest
syndrome abnormalities causing cardiovascular,
skeletal, intestinal, skin, hair and endocrine
diseases; and disorders of bone structure or
mineralization, including osteoporosis, increased risk
of fracture, hypercalcemia, and bone metastases.
[0094] In a related aspect, compounds of Formula IH,
can be used in the preparation of a medicament for the
treatment of a B-Raf-mediated disease or condition,
selected from the group consisting of neurologic
diseases such as ischemic stroke, multi-infarct
dementia, head injury, spinal cord injury, Alzheimer's
disease (AD), Parkinson's disease; neoplastic diseases
including, but not limited to, melanoma, glioma,
sarcoma, carcinoma (e.g. lung, breast, pancreatic,
renal), lymphoma (e.g. histiocytic lymphoma) and
cancer of the thyroid, lung (e.g. small cell lung
cancer), liver, breast, ovary and colon,
neurofibromatosis, myelodysplastic syndrome, leukemia,
tumor angiogenesis; pain of neuropathic or
inflammatory origin, including acute pain, chronic
pain, and migraine;cardiovascular diseases including
heart failure, cardiac hypertrophy, thrombosis (e.g.
thrombotic microangiopathy syndromes),
atherosclerosis, reperfusion injury; inflammation
including, but not limited to, psoriasis, polycystic
kidney disease (PKD), arthritis and autoimmune
diseases and conditions, osteoarthritis,
endometriosis, scarring, vascular restenosis, fbrotic
disorders, rheumatoid arthritis, inflammatory bowel
disease (EBD); immunodeficiency diseases, organ
transplant rejection, graft versus host disease; renal
or prostatic diseases including diabetic nephropathy,
nephrosclerosis, glomerulonephritis, prostate
hyperplasia; metabolic disorders, obesity; infection,
including, but not limited to Helicobacter pylori and
Influenza virus, fever, sepsis; pulmonary diseases
including chronic obstructive pulmonary disease (COPD)
and acute respiratory distress syndrome (ARDS);
genetic developmental diseases such as Noonan's
syndrome, Costello syndrome, (faciocutaneoskeletal
syndrome), leopard syndrome, cardio-faciocutaneous
syndrome (CFC), and neural crest syndrome
abnormalities causing cardiovascular, skeletal,
intestinal, skin, hair and endocrine diseases. [0095]
In a related aspect, compounds of Formula III, can be
used in the preparation of a medicament for the
treatment of a c-Raf-1 -mediated disease or condition
selected from the group consisting of colorectal,
ovarian, lung and renal cell carcinoma, acute myeloid
leukemia, myelodysplastic syndromes, tumor
angiogenesis, and neuroendocrine tumors such as
medullary thyroid cancer, carcinoid, small cell lung
cancer and pheochromocytoma. [0096] In a related
aspect, compounds of Formula III, can be used in the
preparation of a medicament for the treatment of a
Fms-mediated disease or condition selected from the
group consisting of immune disorders, including
rheumatoid arthritis, systemic lupus erythematosis
(SLE), Wegener's granulomatosis, and transplant
rejection, inflammatory diseases including Chronic
Obstructive Pulmonary Disease (COPD), emphysema, and
atherosclerosis, metabolic disorders, including
insulin resistance, hyperglycemia, and lipolysis,
disorders of bone structure or mineralization,
including osteoporosis, increased risk of fracture,
hypercalcemia, and bone metastases, kidney diseases,
including nephritis (e.g. glomerulonephritis,
interstitial nephritis, Lupus nephritis), tubular
necrosis, diabetes-associated renal complications, and
hypertrophy and cancers, including multiple myeloma,
acute myeloid leukemia, chronic myeloid leukemia
(CML), breast cancer, and ovarian cancer. [0097] In a
related aspect, compounds of Formula in, can be used
in the preparation of a medicament for the treatment
of a Jnk-mediated disease or condition selected from
the group consisting of Metabolic diseases including
type 1 diabetes, type 2 diabetes, metabolic syndrome,
obesity, and hepatic steatosis; cardiovascular
diseases such as atherosclerosis, ischemia (e.g.
cerebrovascular ischemia, liver ischemia), reperfusion
injury, cardiac hypertrophy; renal diseases such as
chronic renal failure; neoplastic diseases and
associated complications, including
chemotherapyinduced hypoxia, prostate tumors, myeloid
leukemia and cancers of the liver, bone, skin,
brain,pancreas, lung breast, colon, prostate and
ovary; transplant rejection; pain of neuropathic or
inflammatory origin including acute and chronic pain;
inflammatory and autoimmune diseases including
age-related macular degeneration, rheumatoid
arthritis, inflammatory bowel disease, ulcerative
colitis, Crohn's disease, systemic lupus
erythematosis, Sjogren's Syndrome, psoriasis,
scleroderma, chronic thyroiditis, Grave's disease,
myasthenia gravis, and multiple sclerosis, and
inflammation in other organs including CNS
inflammation, pancreatitis, nephritis, atopic
dermatitis, and hepatitis; airway inflammatory
diseases such as asthma, allergy, bronchitis,
pulmonary fibrosis, chronic obstructive pulmonary
disease; neurologic diseases such as stroke,
cerebrovascular ischemia, neurodegenerative diseases
such as Parkinson's disease, Alzheimer's disease,
amyotrophic lateral sclerosis, dementia, senile
chorea, head and spinal cord trauma, and Huntington's
disease. [0098] In a related aspect, compounds of
Formula III, can be used in the preparation of a
medicament for the treatment of a Jnkl -mediated
disease or condition selected from the group
consisting of type 1 diabetes, type 2 diabetes,
metabolic syndrome, obesity and hepatic steatosis.
[0099] In a related aspect, compounds of Formula III,
can be used in the preparation of a medicament for the
treatment of a Jnk2-mediated disease or condition,
such as atherosclerosis. [0100] In a related aspect,
compounds of Formula III, can be used in the
preparation of a medicament for the treatment of a
Jnk3-mediated disease or condition selected from the
group consisting of inflammatory diseases including
autoimmune diseases such as rheumatoid arthritis,
inflammatory bowel syndrome, Crohn's disease, systemic
lupus erythematosis, Sjogren's Syndrome, psoriasis and
multiple sclerosis, airway inflammatory diseases such
as asthma, allergy, pulmonary fibrosis, and chronic
obstructive pulmonary disease, and inflammation in
other organs, such as CNS inflammation, pancreatitis,
nephritis, and hepatitis; neurologic diseases such as
stroke, cerebrovascular ischemia, and
neurodegenerative diseases such as Parkinson's
disease, Alzheimer's disease, and Huntington's
disease; and neoplastic diseases such as prostate
tumors and myeloid leukemia. [0101] In a related
aspect, compounds of Formula IH, can be used in the
preparation of a medicament for the treatment of a
Kit-mediated disease or condition selected from the
group consisting of malignancies, including mast cell
tumors, small cell lung cancer, testicular cancer,
gastrointestinal stromal tumors (GISTs), glioblastoma,
astrocytoma, neuroblastoma, carcinomas of the female
genital tract, sarcomas of neuroectodermal origin,
colorectal carcinoma, carcinoma in situ, Schwann cell
neoplasia associated with neurofibromatosis, acute
myelocytic leukemia, acute lymphocytic leukemia,
chronic myelogenous leukemia, mastocytosis, melanoma,
and canine mast cell tumors, and inflammatory
diseases, including asthma, rheumatoid arthritis,
allergic rhinitis, multiple 



sclerosis, inflammatory bowel syndrome, transplant
rejection, and hypereosinophilia.[0102] Additional
aspects and embodiments will be apparent from the
following Detailed Description and from the claims.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS As
used herein the following definitions apply unless
clearly indicated otherwise: [0103] "Halogen" refer to
all halogens, that is, chloro (Cl), fluoro (F), bromo
(Br), or iodo (I). [0104] "Hydroxyl" or "hydroxy"
refer to the group -OH. [0105] "Thiol" refers to the
group -SH. [0106] "Lower alkyl" alone or in
combination means an alkane-derived radical containing
from 1 to 6 carbon atoms (unless specifically defined)
that includes a straight chain alkyl or branched
alkyl. The straight chain or branched alkyl group is
attached at any available point to produce a stable
compound. In many embodiments, a lower alkyl is a
straight or branched alkyl group containing from 1-6,
1-4, or 1-2, carbon atoms, such as methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, and the like. A
"substituted lower alkyl" denotes lower alkyl that is
independently substituted, unless indicated otherwise,
with one or more, preferably 1, 2, 3, 4 or 5, also 1,
2, or 3 substituents, attached at any available atom
to produce a stable compound, wherein the substituents
are selected from the group consisting of -F, -OH,
-NH2, -NO2, -CN, -C(O)OH, -C(S)OH, -C(O)NH2, -C(S)NH2,
-S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2,
-C(NH)NH2, -OR0, -SR0, -OC(O)R0, -OC(S)R0, -C(O)R0,
-C(S)R0, -C(O)OR0, -C(S)OR0, -S(O)R0, -S(O)2R0,
-C(O)NHR0, -C(S)NHR0, -C(O)NR0R0, -C(S)NR0R0,
-S(O)2NHR0, -S(O)2NR0R0, -C(NH)NHR0, -C(NH)NR R0,
-NHC(O)R0, -NHC(S)R0, -NR0C(O)R0, -NR0C(S)R0,
-NHS(O)2R0, -NR0S(O)2R0, -NHC(O)NHR0, -NHC(S)NHR0,
-NR0C(O)NH2, -NR0C(S)NH2, -NR0C(O)NHR0, -NR0C(S)NHR0,
-NHC(O)NR0R0, -NHC(S)NR0R0, -NR0C(O)NR0R0,
-NR0C(S)NR0R0, -NHS(O)2NHR0, -NR0S(O)2NH2,
-NR0S(O)2NHR0, -NHS(O)2NR0R0, -NR0S(O)2NR0R0, -NHR0,
-NR0R0, -Re, -Rf, and -Re. Furthermore, possible
substitutions include subsets of these substitutions,
such as are indicated herein, for example, in the
description of compounds of Formula III, attached at
any available atom to produce a stable compound. For
example "fluoro substituted lower alkyl" denotes a
lower alkyl group substituted with one or more fluoro
atoms, such as perfluoroalkyl, where preferably the
lower alkyl is substituted with 1, 2, 3, 4 or 5 fluoro
atoms, also 1, 2, or 3 fluoro atoms. While it is
understood that substitutions are attached at any
available atom to produce a stable compound, when
optionally substituted alkyl is an R group of a moiety
such as -OR (e.g. alkoxy), -SR (e.g. thioalkyl), -NHR
(e.g. alkylamino), -C(O)NHR, and the like,
substitution of the alkyl R group is such that
substitution of the alkyl carbon bound to any O, S, or
N of the moiety (except where N is a heteroaryl ring
atom) excludessubstituents that would result in any O,
S, or N of the substituent (except where N is a
heteroaryl ring atom) being bound to the alkyl carbon
bound to any O, S, or N of the moiety. "C2 6 alkyl"
denotes lower alkyl containing 2-6 carbon atoms. A
"substituted C2-6 alkyl" denotes optionally
substituted lower alkyl containing 2-6 carbon atoms. A
"substituted methyl" denotes methyl that is
independently substituted, unless indicated otherwise,
with 1, 2, or 3 substituents, wherein the substituents
are selected as per optionally substituted lower
alkyl. [0107] "Ci-3 alkylene" refers to a divalent
alkane-derived radical containing 1-3 carbon atoms,
straight chain or branched, from which two hydrogen
atoms are taken from the same carbon atom or from
different carbon atoms. Ci-3 alkylene includes
methylene -CH2-, ethylene -CH2CH2-, propylene
-CH2CH2CH2-, and isopropylene -CH(CH3)CH2- or
-CH2CH(CH3)-. C1 3 alkylene substituted with one or
more substituents indicates Ci-3 alkylene that is
independently substituted, with one or more,
preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents as indicated, attached at any available
atom to produce a stable compound. [0108] "Lower
alkenyl" alone or in combination means a straight or
branched hydrocarbon containing 2-6 carbon atoms
(unless specifically defined) and at least one,
preferably 1-3, more preferably 1-2, most preferably
one, carbon to carbon double bond. Carbon to carbon
double bonds may be either contained within a straight
chain or branched portion. Examples of lower alkenyl
groups include ethenyl, propenyl, isopropenyl,
butenyl, and the like. A "substituted lower alkenyl"
denotes lower alkenyl that is independently
substituted, unless indicated otherwise, with one or
more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents, attached at any available atom to
produce a stable compound, wherein the substituents
are selected from the group consisting of -F, -OH,
-NH2, -NO2, -CN, -C(O)OH, -C(S)OH, -C(O)NH2, -C(S)NH2,
-S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2,
-C(NH)NH2, -OR0, -SR0, -OC(O)R0, -OC(S)R0, -C(O)R0,
-C(S)R0, -C(O)OR0, -C(S)OR0, -S(O)R0, -S(O)2R0,
-C(O)NHR0, -C(S)NHR0, -C(O)NR0R0, -C(S)NR0R0,
-S(O)2NHR0, -S(O)2NR0R0, -C(NH)NHR0, -C(NH)NRPR,
-NHC(O)R0 -NHC(S)R0, -NR0C(O)R0, -NR0C(S)R0
-NHS(O)2R0, -NR0S(O)2R0, -NHC(O)NHR0, -NHC(S)NHR0,
-NR0C(O)NH2, -NR0C(S)NH2, -NR0C(O)NHR0, -NR0C(S)NHR0,
-NHC(O)NR0R0, -NHC(S)NR0R0, -NR0C(O)NR0R0,
-NR0C(S)NR0R0, -NHS(O)2NHR0, -NR0S(O)2NH2,
-NR0S(O)2NHR0, -NHS(O)2NR0R0, -NR0S(O)2NR0R0, -NHR0,
-NR0R0, -Rd, -Rf, and -Rg. Further, possible
substitutions include subsets of these substitutions,
such as are indicated herein, for example, in the
description of compounds of Formula III, attached at
any available atom to produce a stable compound. For
example "fluoro substituted lower alkenyl" denotes a
lower alkenyl group substituted with one or more
fluoro atoms, where preferably the lower alkenyl is
substituted with 1, 2, 3, 4 or 5 fluoro atoms, also 1,
2, or 3 fluoro atoms. While it is understood that
substitutions are attached at any available atom to
produce a stable compound, substitution of alkenyl
groups are such that -F, -C(O)-, -C(S)-, -C(NH)-,
-S(O)-,-S(O)2-, -O-, -S-, or N (except where N is a
heteroaryl ring atom), are not bound to an alkene
carbon thereof. Further, where alkenyl is a
substituent of another moiety or an R group of a
moiety such as -OR, -NHR, -C(O)R, and the like,
substitution of the moiety is such that any -C(O)-,
-C(S)-, -S(O)-, -S(O)2-, -0-, -S-, or N thereof
(except where N is a heteroaryl ring atom) are not
bound to an alkene carbon of the alkenyl substituent
or R group. Further, where alkenyl is a substituent of
another moiety or an R group of a moiety such as -OR,
-NHR, -C(O)NHR, and the like, substitution of the
alkenyl R group is such that substitution of the
alkenyl carbon bound to any O, S, or N of the moiety
(except where N is a heteroaryl ring atom) excludes
substituents that would result in any O, S, or N of
the substituent (except where N is a heteroaryl ring
atom) being bound to the alkenyl carbon bound to any
O, S, or N of the moiety. An "alkenyl carbon" refers
to any carbon within an alkenyl group, whether
saturated or part of the carbon to carbon double bond.
An "alkene carbon" refers to a carbon within an
alkenyl group that is part of a carbon to carbon
double bond. [0109] "Lower alkynyl" alone or in
combination means a straight or branched hydrocarbon
containing 2-6 carbon atoms (unless specifically
defined) containing at least one, preferably one,
carbon to carbon triple bond. Examples of alkynyl
groups include ethynyl, propynyl, butynyl, and the
like. A "substituted lower alkynyl" denotes lower
alkynyl that is independently substituted, unless
indicated otherwise, with one or more, preferably 1,
2, 3, 4 or 5, also 1, 2, or 3 substituents, attached
at any available atom to produce a stable compound,
wherein the substituents are selected from the group
consisting of -F, -OH, -NH2, -NO2, -CN, -C(O)OH,
-C(S)OH, -C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2,
-NHC(S)NH2, -NHS(O)2NH2, -C(NH)NH2, -OR0, -SR0,
-OC(O)R0, -OC(S)R0, -C(O)R0, -C(S)R0, -C(O)OR0,
-C(S)OR0, -S(O)R0, -S(O)2R0, -C(O)NHR0, -C(S)NHR0,
-C(O)NR0R0, -C(S)NR0R0, -S(O)2NHR0, -S(O)2NR0R0,
-C(NH)NHR0, -C(NH)NRPR, -NHC(O)R0, -NHC(S)R0,
-NR0C(O)R0, -NR0C(S)R0, -NHS(O)2R0, -NR0S(O)2R0,
-NHC(O)NHR0, -NHC(S)NHR0, -NR0C(O)NH2, -NR0C(S)NH2,
-NR0C(O)NHR0, -NR0C(S)NHR0, -NHC(O)NR0R0,
-NHC(S)NR0R0, -NR0C(O)NR0R0, -NR0C(S)NR0R0,
-NHS(O)2NHR0, -NR0S(O)2NH2, -NR0S(O)2NHR0,
-NHS(O)2NR0R0, -NR0S(O)2NR0R0, -NHR0, -NR0R0, -Rd,
-Re, and -RE. Further, possible substitutions include
subsets of these substitutions, such as are indicated
herein, for example, in the description of compounds
of Formula III, attached at any available atom to
produce a stable compound. For example "fluoro
substituted lower alkynyl" denotes a lower alkynyl
group substituted with one or more fluoro atoms, where
preferably the lower alkynyl is substituted with 1, 2,
3, 4 or 5 fluoro atoms, also 1, 2, or 3 fluoro atoms.
While it is understood that substitutions are attached
at any available atom to produce a stable compound,
substitution of alkynyl groups are such that -F,
-C(O)-, -C(S)-, -C(NH)-, -S(O)-, -S(O)2-, -O-, -S-, or
N (except where N is a heteroaryl ring atom) are not
bound to an alkyne carbon thereof. Further, where
alkynyl is a substituent of another moiety or an R
group of a moiety such as -OR, -NHR, -C(O)R, and the
like, substitution of the moiety is such that any
-C(O)-, -C(S)-,-S(O)-, -S(O)2-, -0-, -S-, or N thereof
(except where N is a heteroaryl ring atom) are not
boundto an alkyne carbon of the alkynyl substituent or
R group. Further, where alkynyl is a substituent of
another moiety or an R group of a moiety such as -OR1
-NHR, -C(O)]SlHR, and the like, substitution of the
alkynyl R group is such that substitution of the
alkynyl carbon bound to any O, S, or N of the moiety
(except where N is a heteroaryl ring atom) excludes
substituents that would result in any O, S, or N of
the substituent (except where N is a heteroaryl ring
atom) being bound to the alkynyl carbon bound to any
O, S, or N of the moiety. An "alkynyl carbon" refers
to any carbon within an alkynyl group, whether
saturated or part of the carbon to carbon triple bond.
An "alkyne carbon" refers to a carbon within an
alkynyl group that is part of a carbon to carbon
triple bond. [0110] "Cycloalkyl" refers to saturated
or unsaturated, non-aromatic monocyclic, bicycHc or
tricyclic carbon ring systems of 3-10, also 3-8, more
preferably 3-6, ring members per ring, such as
cyclopropyl, cyclopentyl, cyclohexyl, adamantyl, and
the like. A "substituted cycloalkyl" is a cycloalkyl
that is independently substituted, unless indicated
otherwise, with one or more, preferably 



1, 2, 3, 4 or 5, also 1, 2, or 3 substituents,
attached at any available atom to produce a stable
compound, wherein the substituents are selected from
the group consisting of halogen, -OH, -NH2, -NO2, -CN,
-C(O)OH, -C(S)OH, -C(O)NH2, -C(S)NH2, -S(O)2NH2,
-NHC(O)NH 2, -NHC(S)NH 2, -NHS(O)2NH2, -C(NH)NH 2,
-OR0, -SR0, -OC(O)R0, -OC(S)R0, -C(O)R0, -C(S)R0,
-C(O)OR0, -C(S)OR0, -S(O)R0, -S(O)2R0, -C(O)NHR0,
-C(S)NHR 0, -C(O)NR0R0, -C(S)NR 0R0, -S(O)2NHR0,
-S(O)2NR0R0, -C(NH)NHR 0, -C(NH)NRPR, -NHC(O)R0,
-NHC(S)R0, -NR0C(O)R0, -NR0C(S)R0, -NHS(O)2R0,
-NR0S(O)2R0, -NHC(O)NHR 0, -NHC(S)NHR 0, -NR0C(O)NH2,
-NR0C(S)NH2, -NR0C(O)NHR 0, -NR0C(S)NHR0, -NHC(O)NR
0R0, -NHC(S)NR 0R0, -NR0C(O)NR 0R0, -NR0C(S)NR0R0,
-NHS(O)2NHR0, -NR0S(O)2NH2, -NR0S(O)2NHR0,
-NHS(O)2NR0R0, -NR0S(O)2NR0R0, -NHR0, -NR0R0, -Rd,
-Re, -Rf, and -Rg. [0111] "Heterocycloalkyl" refers to
a saturated or unsaturated non-aromatic cycloalkyl
group having from 5 to 10 atoms in which from 1 to 3
carbon atoms in the ring are replaced by heteroatoms
of O, S or N, and are optionally fused with benzo or
heteroaryl of 5-6 ring members. Heterocycloalkyl is
also intended to include oxidized S or N, such as
sulfmyl, sulfonyl and N-oxide of a tertiary ring
nitrogen. Heterocycloalkyl is also intended to include
compounds in which a ring carbon may be oxo
substituted, i.e. the ring carbon is a carbonyl group,
such as lactones and lactams. The point of attachment
of the heterocycloalkyl ring is at a carbon or
nitrogen atom such that a stable ring is retained.
Examples of heterocycloalkyl groups include, but are
not limited to, morpholino, tetrahydrofuranyl,
dihydropyridinyl, piperidinyl, pyrrolidinyl,
pyrrolidonyl, piperazinyl, dihydrobenzofuryl, and
dihydroindolyl. A "substituted heterocycloalkyl" is a
heterocycloalkyl that is independently substituted,
unless indicated otherwise, with one or more,
preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents, attached at any available atom to
produce a stable compound, wherein the substituents
are selected from the group consisting of halogen,
-OH, -NH2, -NO2, -CN, -C(O)OH,-C(S)OH, -C(O)NH2,
-C(S)NH2, -S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2,
-NHS(O)2NH2, -C(NH)NH2, -OR0, -SR0, -OC(O)R0,
-OC(S)R0, -C(O)R0, -C(S)R0, -C(O)OR0, -C(S)OR0,
-S(O)R0, -S(O)2R0, -C(O)NHR0, -C(S)NHR0, -C(O)NR0R0,
-C(S)NR0R0, -S(O)2NHR0 -S(O)2NR0R0, -C(NH)NHR0,
-C(NH)NRPRC, -NHC(O)R0, -NHC(S)R0, -NR0C(O)R0,
-NR0C(S)R0, -NHS(O)2R0, -NR0S(O)2R0, -NHC(O)NHR0,
-NHC(S)NHR0, -NR0C(O)NH2, -NR0C(S)NH2, -NR0C(O)NHR0,
-NR0C(S)NHR0, -NHC(O)NR0R0, -NHC(S)NR0R0,
-NR0C(O)NR0R0, -NR0C(S)NR0R0, -NHS(O)2NHR0,
-NR0S(O)2NH2, -NR0S(O)2NHR0, -NHS(O)2NR0R0,
-NR0S(O)2NR0R0, -NHR0, -NR0R0, -Rd, -Re, -Rf, and -Rg.
[0112] "Aryl" alone or in combination refers to a
monocyclic or bicyclic ring system containing aromatic
hydrocarbons such as phenyl or naphthyl, which may be
optionally fused with a cycloalkyl of preferably 5-7,
more preferably 5-6, ring members. A "substituted
aryl" is an aryl that is independently substituted,
unless indicated otherwise, with one or more,
preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents, attached at any available atom to
produce a stable compound, wherein the substituents
are selected from the group consisting of halogen,
-OH, -NH2, -NO2, -CN, -C(O)OH, -C(S)OH, -C(O)NH2,
-C(S)NH2, -S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2,
-NHS(O)2NH2, -C(NH)NH2, -OR0, -SR0, -OC(O)R0,
-OC(S)R0, -C(O)R0, -C(S)R0, -C(O)OR0, -C(S)OR0,
-S(O)R0, -S(O)2R0, -C(O)NHR0, -C(S)NHR0, -C(O)NR0R0,
-C(S)NR0R0, -S(O)2NHR0, -S(O)2NR0R0, -C(NH)NHR0,
-C(NH)NRPR, -NHC(O)R0, -NHC(S)R0, -NR0C(O)R0,
-NR0C(S)R0, -NHS(O)2R0, -NR0S(O)2R0, -NHC(O)NHR0,
-NHC(S)NHR0, -NR0C(O)NH2, -NR0C(S)NH2, -NR0C(O)NHR0,
-NR0C(S)NHR0, -NHC(O)NR0R0, -NHC(S)NR0R0,
-NR0C(O)NR0R0, -NR0C(S)NR0R0, -NHS(O)2NHR0,
-NR0S(O)2NH2, -NR0S(O)2NHR0, -NHS(O)2NR0R0,
-NR0S(O)2NR0R0, -NHR0, -NR0R0, -Rd, -Re, -Rf, and -Rg.
[0113] "Heteroaryl" alone or in combination refers to
a monocyclic aromatic ring structure containing 5 or 6
ring atoms, or a bicyclic aromatic group having 8 to
10 atoms, containing one or more, preferably 1-4, more
preferably 1-3, even more preferably 1-2, heteroatoms
independently selected from the group consisting of O,
S, and N. Heteroaryl is also intended to include
oxidized S or N, such as sulfinyl, sulfonyl and
N-oxide of a tertiary ring nitrogen. A carbon or
nitrogen atom is the point of attachment of the
heteroaryl ring structure such that a stable compound
is produced. Examples of heteroaryl groups include,
but are not limited to, pyridinyl, pyridazinyl,
pyrazinyl, quinaoxalyl, indolizinyl, benzo[b]thienyl,
quinazolinyl, purinyl, indolyl, quinolinyl,
pyrimidinyl, pyrrolyl, pyrazolyl, oxazolyl, thiazolyl,
thienyl, isoxazolyl, oxathiadiazolyl, isothiazolyl,
tetrazolyl, imidazolyl, triazolyl, furanyl,
benzofuryl, and indolyl. "Nitrogen containing
heteroaryl" refers to heteroaryl wherein any
heteroatoms are N. A "substituted heteroaryl" is a
heteroaryl that is independently substituted, unless
indicated otherwise, with one or more, preferably 1,
2, 3, 4 or 5, also 1, 2, or 3 substituents, attached
at any available atom to produce a stable compound,
wherein thesubstituents are selected from the group
consisting of halogen, -OH, -NH2 -NO2, -CN, -C(O)OH,
-C(S)OH, -C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2,
-NHC(S)NH2, -NHS(O)2NH2, -C(NH)NH2, -OR0, -SR0,
-OC(O)R0, -OC(S)R0, -C(O)R0, -C(S)R0, -C(O)OR0,
-C(S)OR0, -S(O)R0, -S(O)2R0, -C(O)NHR0, -C(S)NHR0,
-C(O)NR0R0, -C(S)NR0R0, -S(O)2NHR0, -S(O)2NR0R0,
-C(NH)NHR0, -C(NH)NR R0, -NHC(O)R0, -NHC(S)R0,
-NR0C(O)R0, -NR0C(S)R0, -NHS(O)2R0, -NR0S(O)2R0,
-NHC(O)NHR0, -NHC(S)NHR0, -NR0C(O)NH2, -NR0C(S)NH2,
-NR0C(O)NHR0, -NR0C(S)NHR0, -NHC(O)NR0R0,
-NHC(S)NR0R0, -NR0C(O)NR0R0, -NR0C(S)NR0R0,
-NHS(O)2NHR0, -NR0S(O)2NH2, -NR0S(O)2NHR0,
-NHS(O)2NR0R0, -NR0S(O)2NR0R0, -NHR0, -NR0R0, -Rd,
-Re, -Rf, and -R8. [0114] The variables R0, Rp, Rc,
Rd, Re, Rf and Rg as used in the description of
optional substituents for alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl and heteroaryl are
defined as follows: each R0, Rp, and R are
independently selected from the group consisting of
Rd, Re, Rf, and Rg, or Rp and Rc combine with the
nitrogen to which they are attached to form a 5-7
membered heterocycloalkyl or a 5 or 7 membered
nitrogen containing heteroaryl, wherein the 5-7
membered heterocycloalkyl or 5 or 7 membered nitrogen
containing heteroaryl are optionally substituted with
one or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or
3 substituents selected from the group consisting of
halogen, -NO2, -CN, -OH, -NH2, -ORU, -SRU, -NHRU,
-NRURU, -Rx, and -Ry; each Rd is independently lower
alkyl, wherein lower alkyl is optionally substituted
with one or more, preferably 1, 2, 3, 4 or 5, also 1,
2 or 3 substituents selected from the group consisting
of fluoro, -OH, -NH2, -NO2, -CN, -C(O)OH, -C(S)OH,
-C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2,
-NHS(O)2NH2, -C(NH)NH2, -0R k, -SRk, -0C(0)R k,
-OC(S)Rk, -C(0)R k, -C(S)Rk, -C(0)0R\ -C(S)ORk,
-S(O)Rk, -S(O)2R", -C(0)NHR k, -C(S)NHRk, -C(0)NR kRk,
-C(S)NRkRk, -S(0) 2NHRk, -S(0) 2NRkRk, -C(NH)NHRk,
-C(NH)NRmRn, -NHC(O)Rk, -NHC(S)Rk, -NRkC(0)R k,
-NRkC(S)Rk, -NHS(0) 2Rk, -NRkS(0) 2Rk, -NHC(0)NHR k,
-NHC(S)NHRk, -NRkC(0)NH 2, -NRkC(S)NH2, -NRkC(0)NHR k,
-NRkC(S)NHRk, -NHC(0)NR kRk, -NHC(S)NRkRk,
-NRkC(O)NRkRk, -NRkC(S)NRkRk, -NHS(0) 2NHRk,
-NRkS(O)2NH2, -NRkS(0) 2NHRk, -NHS(O)2NRkRk, -NRkS(0)
2NRkRk, -NHRk, -NRkRk, -R , and -Rj ; each Re is
independently lower alkenyl, wherein lower alkenyl is
optionally substituted with one or more, preferably 1,
2, 3, 4 or 5, also 1, 2 or 3 substituents selected
from the group consisting of fluoro, -OH, -NH2, -NO2,
-CN, -C(O)OH, -C(S)OH, -C(O)NH2, -C(S)NH2, -S(O)2NH2,
-NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2, -C(NH)NH2, -0R k,
-SRk, -0C(0)R k, -OC(S)Rk, -C(O)Rk, -C(S)Rk, -C(0)0R\
-C(S)ORk, -S(O)Rk, -S(O)2Rk, -C(0)NHR k, -C(S)NHRk,
-C(0)NR kRk, -C(S)NRkRk, -S(0) 2NHRk, -S(0) 2NRkRk,
-C(NH)NHRk, -C(NH)NRmRn, -NHC(0)R k, -NHC(S)Rk,
-NRkC(0)R k, -NRkC(S)Rk, -NHS(0) 2Rk, -NRkS(O),Rk,
-NHC(0)NHR k, -NHC(S)NHRk, -NRkC(0)NH 2,-NRkC(S)NH2,
-NRkC(O)NHRk, -NRkC(S)NHRk, -NHC(O)NRkRk,
-NHC(S)NRkRk, -NRkC(O)NRkRk, -NRkC(S)NRkRk,
-NHS(O)2NHRk, -NRkS(O)2NH2, -NRkS(O)2NHRk,
-NHS(O)2NRkRk, -NRkS(O)2NRkRk, -NHRk, -NRkRk, -Rh, and
-Rj ; each Rf is independently lower alkynyl, wherein
lower alkynyl is optionally substituted with one or
more, preferably 1, 2, 3, 4 or 5, also 1, 2 or 3
substituents selected from the group consisting of
fluoro, -OH, -NH2, -NO2, -CN, -C(O)OH, -C(S)OH,
-C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2
-NHS(O)2NH2, -C(NH)NH2, -0R k, -SRk, -OC(O)Rk,
-OC(S)Rk, -C(0)R k, -C(S)Rk, -C(O)ORk, -C(S)ORk,
-S(O)Rk, -S(O)2Rk, -C(0)NHR k, -C(S)NHRk, -C(0)NR kRk,
-C(S)NRkRk, -S(0) 2NHRk, -S(O)2NRkRk, -C(NH)NHRk,
-C(NH)NRmRn, -NHC(0)R k, -NHC(S)Rk, -NRkC(O)Rk,
-NRkC(S)Rk, -NHS(0) 2Rk, -NRkS(0) 2Rk, -NHC(0)NHR k,
-NHC(S)NHRk, -NRkC(O)NH2, -NRkC(S)NH2, -NRkC(0)NHR k,
-NRkC(S)NHRk, -NHC(0)NR kRk, -NHC(S)NRkRk, -NRkC(0)NR
kRk -NRkC(S)NRkRk, -NHS(0) 2NHRk, -NRkS(O)2NH2,
-NRkS(0) 2NHRk, -NHS(0) 2NRkRk, -NRkS(0) 2NRkRk,
-NHRk, -NRkRk, -Rh, and -Rj ; each Rg is independently
selected from the group consisting of cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are
optionally substituted with one or more, preferably 1,
2, 3, 4 or 5, also 1, 2 or 3 substituents selected
from the group consisting of halogen, -OH, -NH2, -NO2,
-CN, -C(O)OH, -C(S)OH, -C(O)NH2, -C(S)NH2, -S(O)2NH2,
-NHC(O)NH2, -NHC(S)NH2, -NHS(O)2NH2, -C(NH)NH2, -0R k,
-SRk, -0C(0)R k, -OC(S)Rk, -C(0)R\ -C(S)Rk, -C(O)ORk,
-C(S)ORk, -S(O)Rk, -S(O)2Rk, -C(0)NHR k, -C(S)NHRk,
-C(0)NR kRk, -C(S)NRkRk, -S(0) 2NHRk, -S(0) 2NRkRk,
-C(NH)NHRk, -C(NH)NR 1R", -NHC(0)R k, -NHC(S)Rk,
-NRkC(0)R k, -NRkC(S)Rk, -NHS(0) 2Rk, -NRkS(0) 2Rk,
-NHC(0)NHR k, -NHC(S)NHRk, -NRkC(0)NH 2, -NRkC(S)NH2,
-NRkC(0)NHR k, -NRkC(S)NHRk, -NHC(O)NRkRk,
-NHC(S)NRkRk, -NRkC(0)NR kRk, -NRkC(S)NRkRk,
-NHS(O)2NHRk, -NRkS(O)2NH2, -NRkS(0) 2NHRk, 



-NHS(0) 2NRkRk, -NRkS(0) 2NRkRk, -NHRk, -NRkRk, -Rh,
-R , and -Rj ; wherein Rk, Rm, and R" at each
occurrence are independently selected from the group
consisting of Rh, R1, and RJ, or Rm and Rn combine
with the nitrogen to which they are attached form a
5-7 membered heterocycloalkyl or a 5 or 7 membered
nitrogen containing heteroaryl, wherein the 5-7
membered heterocycloalkyl or 5 or 7 membered nitrogen
containing heteroaryl are optionally substituted with
one or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or
3 substituents selected from the group consisting of
halogen, -NO2, -CN, -OH, -NH2, ORU, -SRU, -NHRU,
-NRURU, -Rx, and -Ry; wherein each Rh is independently
lower alkyl optionally substituted with one or more,
preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents selected from the group consisting of
fluoro, -OH, -NH2, -NO2, -CN, -C(O)OH, -C(S)OH,
-C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2, -NHC(S)NH2,
-NHS(O)2NH2, -C(NH)NH2, -0R r, -SRr, -OC(O)Rr,
-OC(S)Rr, -C(0)R r, -C(S)Rr, -C(0)0R r,-C(S)ORr,
-S(O)Rr, -S(O)2Rr, -C(O)NHR', -C(S)NHRr, -C(O)NR R',
-C(S)NR1R', -S(O)2NHR', -S(O)2NR1R', -C(NH)NHRr,
-C(NH)NR R , -NHC(O)Rr, -NHC(S)Rr, -NRrC(O)Rr,
-NRrC(S)Rr, -NHS(O)2Rr, -NRrS(O)2Rr, -NHC(O)NHRr,
-NHC(S)NHRr, -NRrC(O)NH2, -NRrC(S)NH2, -NR'C(O)NHRr,
-NRrC(S)NHRr, -NHC(O)NRrRr, -NHC(S)NR1R , -NR^(O)NR
1R', -NR1C(S)NR1R , -NHS(O)2NHR', -NR'S(O)2NH2,
-NR'S(O)2NHR', -NHS(O)2NR'Rr, -NR'S(O)2NR'R', -NHR',
-NR1R', -R1' , and -Rj ; wherein each R1is
independently selected from the group consisting of
lower alkenyl and lower alkynyl, wherein lower alkenyl
or lower alkynyl are optionally substituted with one
or more, preferably 1, 2, 3, 4 or 5, also 1, 2 or 3
substituents selected from the group consisting of
fluoro, -OH, -NH2, -NO2, -CN, -C(O)OH,
-C(S)OH5-C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2,
-NHC(S)NH2, -NHS(O)2NH2, -C(NH)NH2, -OR', -SR',
-OC(O)R', -OC(S)R', -C(O)R', -C(S)R', -C(O)OR',
-C(S)OR', -S(O)R', -S(O)2R', -C(O)NHR', -C(S)NHR',
-C(O)NR1R', -C(S)NR1R', -S(O)2NHR', -S(O)2NR R',
-C(NH)NHR', -C(NH)NR8R , -NHC(O)R', -NHC(S)R',
-NR'C(0)R r, -NR'C(S)Rr, -NHS(O)2Rr, -NRrS(O)2Rr,
-NHC(O)NHR', -NHC(S)NHR', -NR1C(O)NH2, -NR'C(S)NH2,
-NR'C(0)NHR r, -NR'C(S)NHR'; -NHC(0)NR'R r,
-NHC(S)NR1R', -NR'C(0)NR'R r, -NR'C(S)NR'R',
-NHS(O)2NHR', -NR'S(O)2NH2, -NR'S(0) 2NHR', -NHS(0)
2NR'R', -NR'S(0) 2NR'Rr, -NHRr, -NR1R', and -Rj ;
wherein each R is independently selected from the
group consisting of cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, wherein cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl are optionally
substituted with one or more, preferably 1, 2, 3, 4 or
5, also 1, 2 or 3 substituents selected from the group
consisting of halogen, -OH, -NH2, -NO2, -CN, -C(O)OH,
-C(S)OH, -C(O)NH2, -C(S)NH2, -S(O)2NH2, -NHC(O)NH2,
-NHC(S)NH2, -NHS(O)2NH2, -C(NH)NH2, -OR', -SR',
-OC(O)R', -OC(S)R', -C(O)R', -C(S)R', -C(O)OR',
-C(S)OR', -S(O)R', -S(O)2R', -C(O)NHR', -C(S)NHR',
-C(0)NR'R r, -C(S)NR'R', -S(O)2NHR', -S(O)2NR'R',
-C(NH)NHR', -C(NH)NR R , -NHC(O)R', -NHC(S)R',
-NR'C(0)R', -NR'C(S)R', -NHS(O)2R', -NR'S(O)2R',
-NHC(O)NHR', -NHC(S)NHR', -NR'C(0)NH 2, -NR'C(S)NH2,
-NR'C(0)NHR', -NR'C(S)NHR', -NHC(0)NR'R',
-NHC(S)NR1R', -NR'C(0)NR'R', -MfC(S)NR 1R',
-NHS(O)2NHR', -NR'S(O)2NH2, -NR'S(0) 2NHRr,
-NHS(O)2NR1R', -NR'S(0) 2NR'R', -NHR', -NR'R',
cycloalkylamino, and -Rx; wherein each R', Rs, and R
at each occurrence are independently selected from the
group consisting of lower alkyl, C3-6 alkenyl, C3-6
alkynyl, cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, wherein lower alkyl is optionally
substituted with one or more, preferably 1, 2, 3, 4 or
5, also 1, 2, or 3 substituents selected from the
group consisting of-R y, fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino,
provided, however, thatany substitution of the lower
alkyl carbon bound to any O, S, or N, of -ORr, -SRr,
-C(O)ORr, -C(S)ORr, -C(O)NHRr, -C(S)NHRr, -C(O)NRX
-C(S)NR1R , -S(O)2NHRr, -S(O)2NR1R -C(NH)NHRr,
-NRrC(0)R r, -NRrC(S)Rr 5-NRrS(0) 2Rr, -NHC(0)NHR r,
-NHC(S)NHRr, -NRrC(0)NH 2 -NRrC(S)NH2, -NRrC(0)NHR r,
-NRrC(S)NHRr, -NHC(0)NR rRr, -NHC(S)NRrRr,
-NR1C(O)NR1R', -NRrC(S)NRIRr, -NHS(0) 2NHRr,
-NRrS(O)2NH2, -NRrS(0) 2NHRr, -NHS(0) 2NRrRr, -NRrS(0)
2NRrRr -NHRr, or -NRrRr is selected from the group
consisting of fiuoro and -Ry, and wherein C3.6 alkenyl
or C3-6 alkynyl are optionally substituted with one or
more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents selected from the group consisting of
-Ry, fiuoro, lower alkyl, fiuoro substituted lower
alkyl, lower alkoxy, fiuoro substituted lower alkoxy,
lower alkylthio, fiuoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino,
provided, however, that any substitution of the C3 6
alkenyl or C3 6 alkynyl carbon bound to any O, S, or
N, of -0R r, -SRr, -C(O)ORr, -C(S)ORr, -C(O)NHRr,
-C(S)NHRr, -C(0)NR rRr, -C(S)NR1R , -S(0) 2NHRr,
-S(O)2NRrRr, -C(NH)NHRr, -NRrC(0)R r, -NRrC(S)Rr,
-NRrS(O)2Rr, -NHC(O)NHRr, -NHC(S)NHRr, -NRrC(0)NH 2
-NRrC(S)NH2, -NRrC(0)NHR r, -NRrC(S)NHRr, -NHC(0)NR
rRr, -NHC(S)NRrRr, -NRrC(O)NRrRr, -NR C(S)NR1R',
-NHS(0) 2NHRr, -NRrS(O)2NH2, -NRrS(0) 2NHRr,
-NHS(O)2NRrRr, -NRrS(0) 2NRrRr, -NHRr, or -NRrRr is
selected from the group consisting of fiuoro, lower
alkyl, fiuoro substituted lower alkyl, and -Ry, and
wherein cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl are optionally substituted with one or
more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents selected from the group consisting of
halogen, -OH, -NH2, -NO2, -CN, lower alkyl, fiuoro
substituted lower alkyl, lower alkoxy, fiuoro
substituted lower alkoxy, lower alkylthio, fiuoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino, or Rs and R
combine with the nitrogen to which they are attached
form a 5-7 membered heterocycloalkyl or a 5 or 7
membered nitrogen containing heteroaryl, wherein the
5-7 membered heterocycloalkyl or 5 or 7 membered
nitrogen containing heteroaryl are optionally
substituted with one or more, preferably 1, 2, 3, 4 or
5, also 1, 2, or 3 substituents selected from the
group consisting of halogen, -NO2, -CN, -OH, -NH2,
ORU, -SRU, -NHRU, -NRURU, -Rx, and -Ry; wherein each
Ru is independently selected from the group consisting
of lower alkyl, C3-6 alkenyl, C3-6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
wherein lower alkyl is optionally substituted with one
or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents selected from the group consisting of-R
y, fiuoro, -OH, -NH2, lower alkoxy, fiuoro substituted
lower alkoxy, lower alkylthio, fiuoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino, and
cycloalkylamino, provided, however, that any
substitution of the lower alkyl carbon bound to the O
of -ORU, S of -SRU, or N of -NHRUis fiuoro or -Ry, and
wherein C3-6 alkenyl or C3-6 alkynyl are optionally
substituted with one or more, preferably 1, 2, 3, 4or
5, also 1, 2, or 3 substituents selected from the
group consisting of -Ry, fluoro, -OH, -NH2, lower
alkyl, fluoro substituted lower alkyl, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino, provided, however,
that any substitution of the C3-6 alkenyl or C3 6
alkynyl carbon bound to the O of -ORU, S of -SRU, or N
of -NHR11 is fluoro, lower alkyl, fluoro substituted
lower alkyl, or -Ry, and wherein cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl are optionally
substituted with one or more, preferably 1, 2, 3, 4 or
5, also 1, 2, or 3 substituents selected from the
group consisting of halogen, -OH, -NH2, -NO2, -CN,
lower alkyl, fluoro substituted lower alkyl, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino;
wherein each Rx is selected from the group consisting
of lower alkyl, lower alkenyl and lower alkynyl,
wherein lower alkyl is optionally substituted with one
or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3
substituents selected from the group consisting of
-Ry, fluoro, -OH, -NH , lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino, and wherein lower
alkenyl or lower alkynyl are optionally substituted
with one or more, preferably 1, 2, 3, 4 or 5, also 1,
2, or 3 substituents selected from the group
consisting of -Ry, fluoro, -OH, -NH2, lower alkyl,
fluoro substituted lower alkyl, lower alkoxy, fluoro
substituted lower alkoxy, lower alkylthio, fluoro
substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino; wherein each Ry is
selected from the group consisting of cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl are
optionally substituted with one or more, preferably 1,
2, 3, 4 or 5, also 1, 2, or 3 substituents selected
from the group consisting of halogen, -OH, -NH2, -NO2,
-CN, lower alkyl, fluoro substituted lower alkyl,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino.
[0115] In some embodiments, all occurrences of
optionally substituted lower alkyl, optionally
substituted C2-6 alkyl, optionally substituted lower
alkenyl, or optionally substituted lower alkynyl are
optionally substituted with one or more, also 1, 2 or
3 groups or substituents selected from the group
consisting of fluoro, -NO2, -CN, -0R la, -SRla,
-NRlaRla, -OC(O)Rla, -OC(S)Rla, -C(0)R la, -C(S)RIa,
-C(O)OR!a, -C(S)ORla, -C(0)NR laRIa, -C(S)NRlaRla,
-S(O)2NRlaRla, -C(NH)NR 1R1\ -NRlaC(0)R la,
-NRlaC(S)Rla, -NRlaS(0) 2Rla, -NRl aC(0)NR laRla,
-NRIaC(S)NRlaRIa, -NRlaS(O)2NRIaRla, -S(O)Rla, 



-S(O)2Rla, cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, wherein cycloalkyl, heterocycloalkyl, aryl
and heteroaryl are optionally substituted with one or
more, also 1, 2 or 3 groups or substituents selected
from the group consisting of halogen, -NO2, -CN, -0R
Ia, -SRla, -NRlaRla, -OC(O)Rla,-OC(S)Rla, -C(O)Rla,
-C(S)Rla, -C(O)ORIa, -C(S)ORla, -C(O)NRlaRIa,
-C(S)NRlaRla, -S(O)2NRlaRIa, -C(NH)NRlaRla,
-NRlaC(O)Rla, -NRlaC(S)Rla, -NRlaS(O)2Rla, -NR1
C(O)NR1 R1\ -NRlaC(S)NRlaRla, -NRlaS(O)2NRIaRIa,
-S(O)Rla, -S(O)2R1 , -RIb, and lower alkyl optionally
substituted with one or more, also 1, 2 or 3 groups or
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino, and
-Rlb, and all occurrences of optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted 5-7 membered heterocycloalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, or optionally substituted 5 or 7 membered
nitrogen containing heteroaryl are optionally
substituted with one or more, also 1, 2, or 3 groups
or substituents selected from the group consisting of
halogen, -NO2, -CN, -ORla, -SRla, -NRlaRla, -OC(O)Rla,
-OC(S)Rla, -C(O)Rla, -C(S)Rla, -C(O)ORla, -C(S)ORla,
-C(O)NRlaRla, -C(S)NRlaRla, -S(O)2NRlaRl a,
-C(NH)NRlaRla, -NRlaC(0)R la, -NRlaC(S)Rla,
-NRlaS(O)2Rla, -NRlaC(O)NRlaRla, -NRlaC(S)NRlaRla,
-NRlaS(O)2NRlaRla, -S(O)Rla, -S(O)2Rla, -Rlb, and
lower alkyl optionally substituted with one or more,
also 1, 2 or 3 groups or substituents selected from
the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and -Rlb, wherein Rla
is selected from the group consisting of hydrogen,
provided, however, that hydrogen is not bound to any
of C(S), C(O), S(O), or S(O)2 of -OC(O)Rla, -OC(S)Rla,
-C(0)R la, -C(S)RIa, -NRIaC(0)R la, -NRlaC(S)Rla,
-NRlaS(0) 2Rla, -S(O)Rla, or -S(O)2Rla, -Rlb, and
lower alkyl optionally substituted with one or more,
also 1, 2 or 3 groups or substituents selected from
the group consisting of fluoro, -OH, -NH2, lower
alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and -Rlb, provided,
however, that any substitution of the alkyl carbon
bound to O, S, or N of -0R la, -SRla, -NRlaRla,
-C(O)ORia, -C(S)ORIa, -C(0)NR laRIa, -C(S)NRlaRla,
-S(0) 2NRlaRla, -C(NH)NRlaRla, -NRlaC(0)R la,
-NRlaC(S)Rla, -NRlaS(0) 2Rla, -NRlaC(0)NR laRla,
-NRIaC(S)NRlaRla, or -NRlaS(0) 2NRIaRla, is fluoro or
-Rlb, and wherein -Rlb is selected from the group
consisting of cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, wherein cycloalkyl, heterocycloalkyl, aryl
and heteroaryl are optionally substituted with one or
more, also 1, 2 or 3 groups or substituents selected
from the group consisting of halogen, -CN, -OH, -NH2,
lower alkoxy, fluoro substituted lower alkoxy, lower
alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and cycloalkylamino.
[0116] In some embodiments, all occurrences of
optionally substituted lower alkyl, optionally
substituted C2-6 alkyl, optionally substituted lower
alkenyl, or optionally substituted lower alkynyl are
optionally substituted with one or more, also 1, 2 or
3 groups or substituents selected from the group
consisting of fluoro, -CN, -0R la, -SRla, -NRlaRla,
-C(O)Rla, -C(S)Rla, -C(O)ORla, -C(O)NRlaRla,
-C(S)NRlaRla, -S(O)2NRl aRla, -NRlaC(O)Rla,
-NRlaC(S)Rla, -NRlaS(O)2Rla, -S(O)Rla, -S(O)2Rla,
cycloalkyl, heterocycloalkyl, aryl and heteroaryl,
wherein cycloalkyl, heterocycloalkyl, aryl
andheteroaryl are optionally substituted with one or
more, also 1, 2 or 3 groups or substituents selected
from the group consisting of halogen, -CN, -ORla,
-SRla, -NRlaRla, -C(O)Rla, -C(S)Rla, -C(O)ORla,
-C(O)NRlaRla, -C(S)NRlaRla, -S(O)2NRIaRla, -NRlaC(O)R
la, -NRIaC(S)Rla, -NRIaS(O)2RIa, -S(O)Rla, -S(O)2Rla,
-Rlb, and lower alkyl optionally substituted with one
or more, also 1, 2 or 3 groups or substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and -Rlb, and all
occurrences of optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted 5-7 membered heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
or optionally substituted 5 or 7 membered nitrogen
containing heteroaryl are optionally substituted with
one or more, also 1, 2, or 3 groups or substituents
selected from the group consisting of halogen, -CN,
-ORla, -SRla, -NRlaRla, -C(O)Rla, -C(S)R la,
-C(O)ORla, -C(0)NR laRla, -C(S)NRlaRla, -S(O)2NRlaRl
a, -NRlaC(O)Rla, -NRlaC(S)Rla, -NRlaS(O)2Rla,
-S(O)RIa, -S(O)2Rla, -Rlb, and lower alkyl optionally
substituted with one or more, also 1, 2 or 3 groups or
substituents selected from the group consisting of
fluoro, -OH, -NH2, lower alkoxy, fluoro substituted
lower alkoxy, lower alkylthio, fluoro substituted
lower alkylthio, mono-alkylamino, di-alkylamino, and
-Rlb, wherein RIa is selected from the group
consisting of hydrogen, provided, however, that
hydrogen is not bound to any of C(S), C(O), S(O), or
S(O)2 of -C(O)Rla, -C(S)R1 , -NRlaC(O)Rla,
-NRlaC(S)Rla, -NRlaS(O)2Rla, -S(O)Rla, or -S(O)2Rla,
-Rlb, and lower alkyl optionally substituted with one
or more, also 1, 2 or 3 groups or substituents
selected from the group consisting of fluoro, -OH,
-NH2, lower alkoxy, fluoro substituted lower alkoxy,
lower alkylthio, fluoro substituted lower alkylthio,
mono-alkylamino, di-alkylamino, and -Rlb, provided,
however, that any substitution of the alkyl carbon
bound to O, S, or N of -0R Ia, -SRla, -NRlaR!a,
-C(O)ORla, -C(0)NR laRla, -C(S)NR laRla, -S(0)
2NRlaRla, -NRlaC(0)R la, -NRlaC(S)Rla, or -NRlaS(0)
2Rla, is fluoro or -Rlb, and wherein -Rlb is selected
from the group consisting of cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, wherein
cycloalkyl, heterocycloalkyl, aryl and heteroaryl are
optionally substituted with one or more, also 1, 2 or
3 groups or substituents selected from the group
consisting of halogen, -CN, -OH, -NH2, lower alkoxy,
fluoro substituted lower alkoxy, lower alkylthio,
fluoro substituted lower alkylthio, mono-alkylamino,
di-alkylamino, and cycloalkylamino. [0117] "Lower
alkoxy" denotes the group -ORZ, where Rz is lower
alkyl. "Substituted lower alkoxy" denotes lower alkoxy
in which Rz is lower alkyl substituted with one or
more substituents as indicated herein, for example, in
the description of compounds of Formula III, including
descriptions of substituted cycloalkyl,
cycloheteroalkyl, aryl and heteroaryl, attached at any
available atom to produce a stable compound.
Preferably, substitution of lower alkoxy is with 1, 2,
3, 4, or 5 substituents, also 1, 2, or 3 substituents.
For example "fluoro substituted lower alkoxy" denotes
lower alkoxy in which the lower alkyl is substituted
with one or more fluoro atoms, where preferably the
lower alkoxy is substituted with 1, 2, 3, 4 or 5
fluoro atoms, also 1, 2, or 3 fluoro atoms. While it
isunderstood that substitutions on alkoxy are attached
at any available atom to produce a stable compound,
substitution of alkoxy is such that O, S, or N (except
where N is a heteroaryl ring atom), are not bound to
the alkyl carbon bound to the alkoxy O. Further, where
alkoxy is described as a substituent of another
moiety, the alkoxy oxygen is not bound to a carbon
atom that is bound to an O, S, or N of the other
moiety (except where N is a heteroaryl ring atom), or
to an alkene or alkyne carbon of the other moiety.
[0118] "Lower alkylthio" denotes the group -SRaa,
where Raa is lower alkyl. "Substituted lower
alkylthio" denotes lower alkylthio in which Raa is
lower alkyl substituted with one or more substituents
as indicated herein, for example, in the description
of compounds of Formula III, including descriptions of
substituted cycloalkyl, cycloheteroalkyl, aryl and
heteroaryl, attached at any available atom to produce
a stable compound. Preferably, substitution of lower
alkylthio is with 1, 2, 3, 4, or 5 substituents, also
1, 2, or 3 substituents. For example "fluoro
substituted lower alkylthio" denotes lower alkylthio
in which the lower alkyl is substituted with one or
more fluoro atoms, where preferably the lower
alkylthio is substituted with 1, 2, 3, 4 or 5 fluoro
atoms, also 1, 2, or 3 fluoro atoms. While it is
understood that substitutions on alkylthio are
attached at any available atom to produce a stable
compound, substitution of alkylthio is such that O, S,
or N (except where N is a heteroaryl ring atom), are
not bound to the alkyl carbon bound to the alkylthio
S. Further, where alkylthio is described as a
substituent of another moiety, the alkylthio sulfur is
not bound to a carbon atom that is bound to an O, S,
or N of the other moiety (except where N is a
heteroaryl ring atom), or to an alkene or alkyne
carbon of the other moiety. [0119] "Amino" or "amine"
denotes the group -NH2- "Mono-alkylamino" denotes the
group -NHRbb where Rbb is lower alkyl. "Di-alkylamino"
denotes the group -NR bbR0C, where Rbb and Rcc are
independently lower alkyl. "Cycloalkylamino" denotes
the group -NRddRee, where Rdd and Ree combine with the
nitrogen to form a 5-7 membered heterocycloalkyl,
where the heterocycloalkyl may contain an additional
heteroatom within the ring, such as O, N, or S, and
may also be further substituted with lower alkyl.
Examples of 5-7 membered heterocycloalkyl include, but
are not limited to, piperidine, piperazine,
4-methylpiperazine, morpholine, and thiomorpholine.
While it is understood that when mono-alkylamino,
di-alkylamino, or cycloalkylamino are substituents on
other moieties that are attached at any available atom
to produce a stable compound, the nitrogen of
mono-alkylamino, di-alkylamino, or cycloalkylamino as
substituents is not bound to a carbon atom that is
bound to an O, S, or N of the other moiety. [0120] A
"nitrogen protecting group" is a chemical group
covalently bound to a nitrogen atom of a compound that
is used to protect the nitrogen from reaction during a
synthetic step. The nitrogen protecting group may be
added to a compound and removed in a subsequent step
by methods known to those of skill in the art.
Nitrogen protecting groups include, without
limitation, carbamates,amides, N-sulfonyl derivatives,
groups of formula -C(O)OR, wherein R is, for example,
methyl, ethyl, t-butyl, benzyl, phenylethyl,
CH2=CHCH2-, and the like, groups of the formula
-C(O)R', wherein R' is, for example, methyl, phenyl,
trifluoromethyl, and the like, groups of the formula
-SO2R", wherein R" is, for example, tolyl, phenyl,
trifluoromethyl, 2,2,5,7,8-rentamethylchroman-6-yl,
2,3,6-trimethyl- 4-methoxyphenyl, and the like, and
silanyl containing groups, such as
2-trimethylsilylethoxymethyl, t-butyldimethylsilyl,
triisopropylsilyl, and the like. Other suitable
nitrogen protecting groups may be 



found in texts such as T.W. Greene & P. G.M. Wuts,
Protective Groups in Organic Synthesis, John Wiley &
Sons, 1991. [0121] As used herein, the term
"composition" refers to a formulation suitable for
administration to an intended animal subject for
therapeutic purposes that contains at least one
pharmaceutically active compound and at least one
pharmaceutically acceptable carrier or excipient.
[0122] The term "pharmaceutically acceptable"
indicates that the indicated material does not have
properties that would cause a reasonably prudent
medical or veterinary practitioner to avoid
administration of the material to a subject, taking
into consideration the disease or conditions to be
treated and the respective route of administration.
For example, it is commonly required that such a
material be essentially sterile, e.g., for
injectibles. [0123] In the present context, the term
"therapeutically effective" or "effective amount"
indicates that the materials or amount of material is
effective to prevent, alleviate, or ameliorate one or
more symptoms of a disease or condition, and/or to
prolong the survival of the subject being treated.
[0124] As used herein, the term "modulating" or
"modulate" refers to an effect of altering a
biological activity, especially a biological activity
associated with a particular biomolecule such as a
protein kinase. For example, an agonist or antagonist
of a particular biomolecule modulates the activity of
that biomolecule, e.g., an enzyme, by either
increasing (e.g. agonist, activator), or decreasing
(e.g. antagonist, inhibitor) the activity of the
biomolecule, such as an enzyme. Such activity is
typically indicated in terms of an inhibitory
concentration (IC50) or excitation concentration
(EC50) of the compound for an inhibitor or activator,
respectively, with respect to, for example, an enzyme.
[0125] In the context of the use, testing, or
screening of compounds that are or may be modulators,
the term "contacting" means that the compound(s) are
caused to be in sufficient proximity to a particular
molecule, complex, cell, tissue, organism, or other
specified material that potential binding interactions
and/or chemical reaction between the compound and
other specified material can occur.[0126] The present
invention concerns compounds of Formula HI and all
sub-generic formulae thereof including compounds of
Formula IIIa-m and all sub-generic formulae thereof,
including all salts, prodrugs, tautomers, and isomers,
that are modulators of protein kinases, for example
without limitation, the compounds are modulators of at
least one of the kinases selected from the group
consisting of B-Raf, c-Raf-1, Fms, Jnkl, Jnk2, Jnk3,
Kit, and any mutations of these kinases, and the use
of such compounds in the treatment of diseases or
conditions. II. Kinase targets and indications of the
invention [0127] Protein kinases play key roles in
propagating biochemical signals in diverse biological
pathways. More than 500 kinases have been described,
and specific kinases have been implicated in a wide
range of diseases or conditions including, for example
without limitation, cancer, cardiovascular disease,
inflammatory disease, neurological disease, and other
diseases and conditions. As such, kinases represent
important control points for small molecule
therapeutic intervention. Specific target protein
kinases contemplated by the present invention follow:
[0128] B-Raf: Target kinase B-Raf (i.e., v-raf murine
sarcoma viral oncogene homolog Bl) is a 84.4 kDa
serine/threonine kinase encoded by chromosome 7q34
(symbol: BRAF). The mature protein comprises RBD
(i.e., Ras binding domain), Cl (i.e., protein kinase C
conserved region 1) and STK (i.e., serine/threonine
kinase) domains. Target kinase B-Raf includes any
mutations of B-Raf, such as Val<600> to Glu<600>
(V600E) mutant. [0129] Indications for modulation of
B-Raf activity, including B-Raf V600E activity, for
the treatment of pathologic states include, but are
not limited to, neurologic diseases such as ischemic
stroke, multi-infarct dementia, head injury, spinal
cord injury, Alzheimer's disease (AD), Parkinson's
disease; neoplastic diseases including, but not
limited to, melanoma, glioma, sarcoma, carcinoma (e.g.
lung, breast, pancreatic, renal), lymphoma (e.g.
histiocytic lymphoma) and cancer of the thyroid, lung
(e.g. small cell lung cancer), liver, breast, ovary
and colon, neurofibromatosis, myelodysplastic
syndrome, leukemia, tumor angiogenesis; pain of
neuropathic or inflammatory origin, including acute
pain, chronic pain, and migraine; cardiovascular
diseases including heart failure, cardiac hypertrophy,
thrombosis (e.g. thrombotic microangiopathy
syndromes), atherosclerosis, reperfusion injury;
inflammation including, but not limited to, psoriasis,
polycystic kidney disease (PKD), arthritis and
autoimmune diseases and conditions, osteoarthritis,
endometriosis, scarring, vascular restenosis, fibrotic
disorders, rheumatoid arthritis, inflammatory bowel
disease (IBD); immunodeficiency diseases, organ
transplant rejection, graft versus host disease; renal
or prostatic diseases including diabetic nephropathy,
nephrosclerosis, glomerulonephritis, prostate
hyperplasia; metabolic disorders,obesity; infection,
including, but not limited to Helicobacter pylori and
Influenza virus, fever, sepsis; pulmonary diseases
including chronic obstructive pulmonary disease (COPD)
and acute respiratory distress syndrome (ARDS);
genetic developmental diseases such as Noonan's
syndrome, Costello syndrome, (faciocutaneoskeletal
syndrome), leopard syndrome, cardio-faciocutaneous
syndrome (CFC), and neural crest syndrome
abnormalities causing cardiovascular, skeletal,
intestinal, skin, hair and endocrine diseases. [0130]
c-Raf-1: Target kinase c-Raf-1 (i.e., v-raf murine
sarcoma viral oncogene homolog 1) is a 73.0 kDa STK
encoded by chromosome 3p25 (symbol: RAFl). c-Raf-1 can
be targeted to the mitochondria by BCL2 (i.e.,
oncogene B-cell leukemia 2) which is a regulator of
apoptotic cell death. Active c-Raf-1 improves
BCL2-mediated resistance to apoptosis, and c-Raf-1
phosphorylates BAD (i.e., BCL2-binding protein).
c-Raf-1 is implicated in carcinomas, including
colorectal, ovarian, lung and renal cell carcinoma.
C-Raf-1 is also implicated as an important mediator of
tumor angiogenesis (Hood et al, 2002, Science 296,
2404). C-Raf-1 inhibitors may also be useful for the
treatment of acute myeloid leukemia and
myelodysplastic syndromes (Crump, CurrPharm Des 2002,
8(25):2243- 8). Raf-1 activators may be useful as
treatment for neuroendocrine tumors, such as medullary
thyroid cancer, carcinoid, small cell lung cancer and
pheochromocytoma (Kunnimalaiyaan et al., Anticancer
Drugs 2006, 17(2):139-42). [0131] Fms: Target kinase
Fms (i.e., feline McDonough sarcoma) is a member of
the family of genes originally isolated from the Susan
McDonough strain of feline sarcoma viruses. Fms is a
transmembrane tyrosine kinase of 108.0 kDa coded by
chromosome 5q33.2-q33.3 (symbol: CSFlR). The structure
of the transmembrane receptor Fms comprises two
Ig-like domains, a IgC2-like domain, two additional
Ig-like domains, a TM domain, and the TK domain.
[0132] The presence of c-fins has been associated with
a number of different types of diseases. Fms has been
associated with immune disorders, including rheumatoid
arthritis, systemic lupus erythematosis (SLE),
Wegener's granulomatosis, and transplant rejection,
inflammatory diseases including Chronic Obstructive
Pulmonary Disease (COPD), emphysema, and
atherosclerosis, metabolic disorders, including
insulin resistance, hyperglycemia, and lipolysis,
disorders of bone structure or mineralization,
including osteoporosis, increased risk of fracture,
hypercalcemia, and bone metastases, kidney diseases,
including nephritis (e.g. glomerulonephritis,
interstitial nephritis, Lupus nephritis), tubular
necrosis, diabetes-associated renal complications, and
hypertrophy and cancers, including multiple myeloma,
acute myeloid leukemia, chronic myeloid leukemia
(CML), breast cancer, and ovarian cancer. [0133] Jnkl:
Target Jnkl (i.e., c-Jun kinase 1) is a 48.3 kDa
serine/threonine kinase encoded by chromosome 1OqI
1.22 (symbol: MAPK8), also known as mitogen-activated
protein kinase 8. Jnkl isa mitogen-activated protein
kinase (i.e., MAPK) which form a family of
serine-threonine protein kinases that participate in a
major signaling system by which cells transduce
extracellular stimuli into intracellular responses.
Jnkl is implicated in type 1 diabetes, type 2
diabetes, metabolic syndrome, obesity and hepatic
steatosis. [0134] Jnk2: Target kinase Jnk2 (i.e.,
c-Jun kinase 2) is 48.1 kDa serine/threonine kinase
encoded by chromosome 5q35 (symbol: MAPK9). Jnk2 is
implicated in atherosclerosis. [0135] Jnk3: Target
kinase Jnk3 (i.e., c-Jun kinase 3) is 52.6 kDa
serine/threonine kinase encoded by chromosome 4q21-q22
(symbol: MAPKlO). Jnk3 inhibitors are potential
therapeutics for the treatment of Inflammatory
diseases including autoimmune diseases such as
rheumatoid arthritis, inflammatory bowel syndrome,
Crohn's disease, systemic lupus erythematosis,
Sjogren's Syndrome, psoriasis and multiple sclerosis,
airway inflammatory diseases such as asthma, allergy,
pulmonary fibrosis, and chronic obstructive pulmonary
disease, and inflammation in other organs, such as CNS
inflammation, pancreatitis, nephritis, and hepatitis;
neurologic diseases such as stroke, cerebrovascular
ischemia, and neurodegenerative diseases such as
Parkinson's disease, Alzheimer's disease, and
Huntington's disease; and neoplastic diseases such as
prostate tumors and myeloid leukemia. [0136] Kit:
Target kinase Kit (i.e., feline Hardy-Zuckerman 4
sarcoma viral oncogene) is a 109.9 kDa transmembrane
tyrosine kinase encoded by chromosome 4ql2 (symbol:
KIT). Receptor protein tyrosine kinases (RPTKs)
regulate key signal transduction cascades that control
cellular growth and proliferation. The Stem Cell
Factor (SCF) receptor Kit is a type III transmembrane
RPTK that includes five extracellular immunoglobulin
(IG) domains, a single transmembrane domain, and a
split cytoplasmic kinase domain separated by a kinase
insert segment. Kit plays an important role in the
development of melanocytes, mast, germ, and
hematopoietic cells. [0137] Aberrant expression and/or
activation of Kit has been implicated in a variety of
pathologic 



states. Kit has been associated with mast cell tumors,
small cell lung cancer, testicular cancer,
gastrointestinal stromal tumors (GISTs), glioblastoma,
astrocytoma, neuroblastoma, carcinomas of the female
genital tract, sarcomas of neuroectodermal origin,
colorectal carcinoma, carcinoma in situ, Schwann cell
neoplasia associated with neurofibromatosis, acute
myelocytic leukemia, acute lymphocytic leukemia,
chronic myelogenous leukemia, mastocytosis, melanoma,
and canine mast cell tumors, and inflammatory
diseases, including asthma, rheumatoid arthritis,
allergic rhinitis, multiple sclerosis, inflammatory
bowel syndrome, transplant rejection, and
hypereosinophilia.III. Kinase Activity Assays [0138] A
number of different assays for kinase activity can be
utilized for assaying for active modulators and/or
determining specificity of a modulator for a
particular kinase or group of kinases. In addition to
the assays mentioned in the Examples below, one of
ordinary skill in the art will know of other assays
that can be utilized and can modify an assay for a
particular application. For example, numerous papers
concerning kinases describe assays that can be used.
When assayed for kinase activity, preferred compounds
of the present invention (i.e., compounds of Formula m
) will have an IC50 or EC50 of less than 10 mM, also
less than 1 mM, also less than 100 nM, also less than
10 nM or less than 1 nM. IV. Organic Synthetic
Techniques [0139] A wide array of organic synthetic
techniques exist in the art to prepare compounds of
Formula III. Many of these organic synthetic methods
are described in detail in standard reference sources
utilized by those skilled in the art. One example of
such a reference is March, 1994, Advanced Organic
Chemistry; Reactions, Mechanisms and Structure, New
York, McGraw Hill. V. Alternative Compound Forms or
Derivatives [0140] Compounds contemplated herein are
described with reference to both generic formulae and
specific compounds. In addition, invention compounds
may exist in a number of different forms or
derivatives, all within the scope of the present
invention. These include, for example, tautomers,
stereoisomers, racemic mixtures, regioisomers, salts,
prodrugs (e.g., carboxylic acid esters), solvated
forms, different crystal forms or polymorphs, and
active metabolites. (a) Tautomers, Stereoisomers,
Regioisomers, and Solvated Forms [0141] It is
understood that some compounds may exhibit
tautomerism. In such cases, the formulae provided
herein expressly depict only one of the possible
tautomeric forms. It is therefore to be understood
that the formulae provided herein are intended to
represent any tautomeric form of the depicted
compounds and are not to be limited merely to the
specific tautomeric form depicted by the drawings of
the formulae. [0142] Likewise, some of the compounds
according to the present invention may exist as
stereoisomers, i.e. having the same atomic
connectivity of covalently bonded atoms yet differing
in the spatial orientation of the atoms. For example,
compounds may be optical stereoisomers, which contain
one or more chiral centers, and therefore, may exist
in two or more stereoisomeric forms (e.g. enantiomers
or diastereomers). Thus, such compounds may be present
as single stereoisomers (i.e.,essentially free of
other stereoisomers), racemates, and/or mixtures of
enantiomers and/or diastereomers. As another example,
stereoisomers include geometric isomers, such as cis-
or transorientation of substituents on adjacent
carbons of a double bond. All such single
stereoisomers, racemates and mixtures thereof are
intended to be within the scope of the present
invention. Unless specified to the contrary, all such
steroisomeric forms are included within the formulae
provided herein. [0143] In some embodiments, a chiral
compound of the present invention is in a form that
contains at least 80% of a single isomer (60%
enantiomeric excess ("e.e.") or diastereomeric excess
("d.e.")), or at least 85% (70% e.e. or d.e.), 90%
(80% e.e. or d.e.), 95% (90% e.e. or d.e.), 97.5% (95%
e.e. or d.e.), or 99% (98% e.e. or d.e.). As generally
understood by those skilled in the art, an optically
pure compound having one chiral center is one that
consists essentially of one of the two possible
enantiomers (i.e., is enantiomerically pure), and an
optically pure compound having more than one chiral
center is one that is both diastereomerically pure and
enantiomerically pure. In some embodiments, the
compound is present in optically pure form. [0144] For
compounds in which synthesis involves addition of a
single group at a double bond, particularly a
carbon-carbon double bond, the addition may occur at
either of the double bond-linked atoms. For such
compounds, the present invention includes both such
regioisomers. [0145] Additionally, the formulae are
intended to cover solvated as well as unsolvated forms
of the identified structures. For example, the
indicated structures include both hydrated and
non-hydrated forms. Other examples of solvates include
the structures in combination with a suitable solvent
such as isopropanol, ethanol, methanol, DMSO, ethyl
acetate, acetic acid, or ethanolamine. (b) Prodrugs
and Metabolites [0146] In addition to the present
formulae and compounds described herein, the invention
also includes prodrugs (generally pharmaceutically
acceptable prodrugs), active metabolic derivatives
(active metabolites), and their pharmaceutically
acceptable salts. [0147] Prodrugs are compounds or
pharmaceutically acceptable salts thereof which, when
metabolized under physiological conditions or when
converted by solvolysis, yield the desired active
compound. Prodrugs include, without limitation,
esters, amides, carbamates, carbonates, ureides,
solvates, or hydrates of the active compound.
Typically, the prodrug is inactive, or less active
than the active compound, but may provide one or more
advantageous handling, administration, and/or
metabolic properties. For example, some prodrugs are
esters of the active compound; during metabolysis, the
ester group is cleaved to yield the active drug. Also,
some prodrugs are activatedenzymatically to yield the
active compound, or a compound which, upon further
chemical reaction, yields the active compound. [0148]
In this context, a common example or a prodrug is an
alkyl ester of a carboxylic acid. Relative to
compounds of Formula III , further examples include,
without limitation, an amide or carbamate derivative
at the 1-position nitrogen of the azaindole core.
[0149] As described in The Practice of Medicinal
Chemistry, Ch. 31-32 (Ed. Wermuth, Academic Press, San
Diego, CA, 2001), prodrugs can be conceptually divided
into two non-exclusive categories, bioprecursor
prodrugs and carrier prodrugs. Generally, bioprecursor
prodrugs are compounds that are inactive or have low
activity compared to the corresponding active drug
compound, that contain one or more protective groups
and are converted to an active form by metabolism or
solvolysis. Both the active drug form and any released
metabolic products should have acceptably low
toxicity. Typically, the formation of active drug
compound involves a metabolic process or reaction that
is one of the follow types: [0150] Oxidative reactions
: Oxidative reactions are exemplified without
limitation to reactions such as oxidation of alcohol,
carbonyl, and acid functionalities, hydroxylation of
aliphatic carbons, hydroxylation of alicyclic carbon
atoms, oxidation of aromatic carbon atoms, oxidation
of carboncarbon double bonds, oxidation of
nitrogen-containing functional groups, oxidation of
silicon, phosphorus, arsenic, and sulfur, oxidative
N-dealkylation, oxidative O- and S-dealkylation,
oxidative deamination, as well as other oxidative
reactions. [0151] Reductive reactions : Reductive
reactions are exemplified without limitation to
reactions such as reduction of carbonyl
functionalities, reduction of alcohol functionalities
and carbon-carbon double bonds, reduction of
nitrogen-containing function groups, and other
reduction reactions. [0152] Reactions without change
in the oxidation state: Reactions without change in
the state of oxidation are exemplified without
limitation to reactions such as hydrolysis of esters
and ethers, hydrolytic cleavage of carbon-nitrogen
single bonds, hydrolytic cleavage of non-aromatic
heterocycles, hydration and dehydration at multiple
bonds, new atomic linkages resulting from dehydration
reactions, hydrolytic dehalogenation, removal of
hydrogen halide molecule, and other such reactions.
[0153] Carrier prodrugs are drug compounds that
contain a transport moiety, e.g., that improves uptake
and/or localized delivery to a site(s) of action.
Desirably for such a carrier prodrug, the linkage
between the drug moiety and the transport moiety is a
covalent bond, the prodrug is inactive or less active
than the drug compound, the prodrug and any release
transport moiety are acceptably non-toxic. For
prodrugs where the transport moiety is intended to
enhance uptake, typically therelease of the transport
moiety should be rapid. In other cases, it is
desirable to utilize a moiety that provides slow
release, e.g., certain polymers or other moieties,
such as cyclodextrins. (See, e.g., Cheng et al., U.S.
Patent Publ. No. 20040077595, App. No. 10/656,838,
incorporated herein by reference). Such carrier
prodrugs are often advantageous for orally
administered drugs. Carrier prodrugs can, for example,
be used to improve one or more of the following
properties: increased lipophilicity, increased
duration of pharmacological effects, increased
site-specificity, decreased toxicity and adverse
reactions, and/or improvement in drug formulation
(e.g., stability, water solubility, suppression of an
undesirable organoleptic or physiochemical property).
For example, lipophilicity can be increased by
esterification of hydroxyl groups with lipophilic
carboxylic acids, or of carboxylic acid groups with
alcohols, e.g., aliphatic alcohols. Wermuth, supra.
[0154] Prodrugs may proceed from prodrug form to
active form in a single step or may have one or more
intermediate forms which may themselves have activity
or may be inactive. [0155] Metabolites, e.g., active
metabolites overlap with prodrugs as described above,
e.g., 



bioprecursor prodrugs. Thus, such metabolites are
pharmacologically active compounds or compounds that
further metabolize to pharmacologically active
compounds that are derivatives resulting from
metabolic process in the body of a subject. Of these,
active metabolites are such pharmacologically active
derivative compounds. For prodrugs, the prodrug
compound is generally inactive or of lower activity
than the metabolic product. For active metabolites,
the parent compound may be either an active compound
or may be an inactive prodrug. [0156] Prodrugs and
active metabolites may be identified using routine
techniques know in the art. See, e.g., Bertolini et
al, 1997, J Med Chern 40:2011-2016; Shan et al.,
JPharm Sd 86:756-757; Bagshawe, 1995, Drug Dev Res
34:220-230; Wermuth, supra. (c) Pharmaceutically
acceptable salts [0157] Compounds can be formulated as
or be in the form of pharmaceutically acceptable
salts. Pharmaceutically acceptable salts are non-toxic
in the amounts and concentrations at which they are
administered. The preparation of such salts can
facilitate the pharmacological use by altering the
physical characteristics of a compound without
preventing it from exerting its physiological effect.
Useful alterations in physical properties include
lowering the melting point to facilitate transmucosal
administration and increasing the solubility to
facilitate administering higher concentrations of the
drug. [0158] Pharmaceutically acceptable salts include
acid addition salts such as those containing sulfate,
chloride, hydrochloride, fumarate, maleate, phosphate,
sulfamate, acetate, citrate, lactate, tartrate,
methanesulfonate, ethanesulfonate,
benzenesulfonate,/?-toluenesulfonate,
cyclohexylsulfamate andquinate. Pharmaceutically
acceptable salts can be obtained from acids such as
hydrochloric acid, maleic acid, sulfuric acid,
phosphoric acid, sulfamic acid, acetic acid, citric
acid, lactic acid, tartaric acid, malonic acid,
methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, j^-toluenesulfonic acid,
cyclohexylsulfamic acid, fumaric acid, and quinic
acid. [0159] Pharmaceutically acceptable salts also
include basic addition salts such as those containing
benzathine, chloroprocaine, choline, diethanolamine,
ethanolamine, t-butylamine, ethylenediamine,
meglumine, procaine, aluminum, calcium, lithium,
magnesium, potassium, sodium, ammonium, alkylamine,
and zinc, when acidic functional groups, such as
carboxylic acid or phenol are present. For example,
see Remington's Pharmaceutical Sciences, 19* ed., Mack
Publishing Co., Easton, PA, Vol. 2, p. 1457, 1995.
Such salts can be prepared using the appropriate
corresponding bases. [0160] Pharmaceutically
acceptable salts can be prepared by standard
techniques. For example, the free-base form of a
compound can be dissolved in a suitable solvent, such
as an aqueous or aqueousalcohol solution containing
the appropriate acid and then isolated by evaporating
the solution. In another example, a salt can be
prepared by reacting the free base and acid in an
organic solvent. [0161] Thus, for example, if the
particular compound is a base, the desired
pharmaceutically acceptable salt may be prepared by
any suitable method available in the art, for example,
treatment of the free base with an inorganic acid,
such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, and the like, or
with an organic acid, such as acetic acid, maleic
acid, succinic acid, mandelic acid, fumaric acid,
malonic acid, pyruvic acid, oxalic acid, glycolic
acid, salicylic acid, a pyranosidyl acid, such as
glucuronic acid or galacturonic acid, an alpha-hydroxy
acid, such as citric acid or tartaric acid, an amino
acid, such as aspartic acid or glutamic acid, an
aromatic acid, such as benzoic acid or cinnamic acid,
a sulfonic acid, such as p-toluenesulfonic acid or
ethanesulfonic acid, or the like. [0162] Similarly, if
the particular compound is an acid, the desired
pharmaceutically acceptable salt may be prepared by
any suitable method, for example, treatment of the
free acid with an inorganic or organic base, such as
an amine (primary, secondary or tertiary), an alkali
metal hydroxide or alkaline earth metal hydroxide, or
the like. Illustrative examples of suitable salts
include organic salts derived from amino acids, such
as L-glycine, L-lysine and L-arginine, ammonia,
primary, secondary, and tertiary amines, and cyclic
amines, such as hydroxyethylpyrrolidine, piperidine,
morpholine and piperazine, and inorganic salts derived
from sodium, calcium, potassium, magnesium, manganese,
iron, copper, zinc, aluminum and lithium. Further
examples of pharmaceutically acceptable salts of
compounds of Formula I include, without limitation,
the mono-sodium and bis-potassium salts thereof.[0163]
The pharmaceutically acceptable salt of the different
compounds may be present as a complex. Examples of
complexes include 8-chlorotheophylline complex
(analogous to, e.g., dimenhydrinate: diphenhydramine
8-chlorotheophylline (1:1) complex; Dramamine) and
various cyclodextrin inclusion complexes. [0164]
Unless specified to the contrary, specification of a
compound herein includes pharmaceutically acceptable
salts of such compound. (d) Polymorphic forms [0165]
In the case of agents that are solids, it is
understood by those skilled in the art that the
compounds and salts may exist in different crystal or
polymorphic forms, all of which are intended to be
within the scope of the present invention and
specified formulae. VI. Administration [0166] The
methods and compounds will typically be used in
therapy for human subjects. However, they may also be
used to treat similar or identical indications in
other animal subjects. In this context, the terms
"subject," "animal subject," and the like refer to
human and non-human vertebrates, e.g. mammals, such as
non-human primates, sports and commercial animals,
e.g., equines, bovines, porcines, ovines, rodents, and
pets, e.g., canines and felines. [0167] Suitable
dosage forms, in part, depend upon the use or the
route of administration, for example, oral,
transdermal, transmucosal, inhalant or by injection
(parenteral). Such dosage forms should allow the
compound to reach target cells. Other factors are well
known in the art, and include considerations such as
toxicity and dosage forms that retard the compound or
composition from exerting its effects. Techniques and
formulations generally may be found in The Science and
Practice of Pharmacy, 2 1st edition, Lippincott,
Williams and Wilkins, Philadelphia, PA, 2005 (hereby
incorporated by reference herein). [0168] Compounds of
the present invention, i.e. Formula HI, can be
formulated as pharmaceutically acceptable salts.
[0169] Carriers or excipients can be used to produce
compositions. The carriers or excipients can be chosen
to facilitate administration of the compound. Examples
of carriers include calcium carbonate, calcium
phosphate, various sugars such as lactose, glucose, or
sucrose, or types of starch, cellulose derivatives,
gelatin, vegetable oils, polyethylene glycols and
physiologically compatible solvents. Examples of
physiologically compatible solvents include sterile
solutions of water for injection (WFI), saline
solution, and dextrose.[0170] The compounds can be
administered by different routes including
intravenous, intraperitoneal, subcutaneous,
intramuscular, oral, transmucosal, rectal,
transdermal, or inhalant. Oral administration is
preferred. For oral administration, for example, the
compounds can be formulated into conventional oral
dosage forms such as capsules, tablets, and liquid
preparations such as syrups, elixirs, and concentrated
drops. [0171] For inhalants, compounds of the
invention may be formulated as dry powder or a
suitable solution, suspension, or aerosol. Powders and
solutions may be formulated with suitable additives
known in the art. For example, powders may include a
suitable powder base such as lactose or starch, and
solutions may comprise propylene glycol, sterile
water, ethanol, sodium chloride and other additives,
such as acid, alkali and buffer salts. Such solutions
or suspensions may be administered by inhaling via
spray, pump, atomizer, or nebulizer, and the like. The
compounds of the invention may also be used in
combination with other inhaled therapies, for example
corticosteroids such as fluticasone proprionate,
beclomethasone dipropionate, triamcinolone acetonide,
budesonide, and mometasone furoate; beta agonists such
as albuterol, salmeterol, and formoterol;
anticholinergic agents such as ipratroprium bromide or
tiotropium; vasodilators such as treprostinal and
iloprost; enzymes such as DNAase; therapeutic
proteins; immunoglobulin antibodies; an
oligonucleotide, such as single or double stranded DNA
or RNA, siRNA; antibiotics such as tobramycin;
muscarinic receptor antagonists; leukotriene
antagonists; cytokine antagonists; protease
inhibitors; cromolyn sodium; nedocril sodium; and
sodium cromoglycate. [0172] Pharmaceutical
preparations for oral use can be obtained, for
example, by combining the active compounds with solid
excipients, optionally grinding a resulting mixture,
and processing the mixture of granules, after adding
suitable auxiliaries, if desired, to obtain tablets or
dragee cores. Suitable excipients are, in particular,
fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations, for
example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl
cellulose, hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose (CMC), and/or
polyvinylpyrrolidone (PVP: povidone). If desired,
disintegrating agents may be added, such as the
cross-linked polyvinylpyrrolidone, agar, or alginic
acid, or a salt thereof such as sodium alginate.
[0173] Dragee cores are provided with suitable
coatings. For this purpose, concentrated sugar
solutions may be used, which may optionally contain,
for example, gum arabic, talc, poly vinylpyrrolidone,
carbopol gel, polyethylene glycol (PEG), and/or
titanium dioxide, lacquer solutions, 



and suitable organic solvents or solvent mixtures.
Dye-stuffs or pigments may be added to the tablets or
dragee coatings for identification or to characterize
different combinations of active compound doses.[0174]
Pharmaceutical preparations that can be used orally
include push-fit capsules made of gelatin ("gelcaps"),
as well as soft, sealed capsules made of gelatin, and
a plasticizer, such as glycerol or sorbitol. The
push-fit capsules can contain the active ingredients
in admixture with filler such as lactose, binders such
as starches, and/or lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In
soft capsules, the active compounds may be dissolved
or suspended in suitable liquids, such as fatty oils,
liquid paraffin, or liquid polyethylene glycols
(PEGs). In addition, stabilizers may be added. [0175]
Alternatively, injection (parenteral administration)
may be used, e.g., intramuscular, intravenous,
intraperitoneal, and/or subcutaneous. For injection,
the compounds of the invention are formulated in
sterile liquid solutions, preferably in
physiologically compatible buffers or solutions, such
as saline solution, Hank's solution, or Ringer's
solution. In addition, the compounds may be formulated
in solid form and redissolved or suspended immediately
prior to use. Lyophilized forms can also be produced.
[0176] Administration can also be by transmucosal,
topical, or transdermal means. For transmucosal,
topical or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known
in the art, and include, for example, for transmucosal
administration, bile salts and fusidic acid
derivatives. In addition, detergents may be used to
facilitate permeation. Transmucosal administration,
for example, may be through nasal sprays or
suppositories (rectal or vaginal). The topical
compositions of this invention are formulated
preferably as oils, creams, lotions, ointments and the
like by choice of appropriate carriers known in the
art. Suitable carriers include vegetable or mineral
oils, white petrolatum (white soft paraffin), branched
chain fats or oils, animal fats and high molecular
weight alcohol (greater than Ci2) . The preferred
carriers are those in which the active ingredient is
soluble. Emulsif ers, stabilizers, humectants and
antioxidants may also be included as well as agents
imparting color or fragrance, if desired. Creams for
topical application are preferably formulated from a
mixture of mineral oil, self-emulsifying beeswax and
water in which mixture the active ingredient,
dissolved in a small amount solvent (e.g., an oil), is
admixed. Additionally, administration by transdermal
means may comprise a transdermal patch or dressing
such as a bandage impregnated with an active
ingredient and optionally one or more carriers or
diluents known in the art. To be administered in the
form of a transdermal delivery system, the dosage
administration will, of course, be continuous rather
than intermittent throughout the dosage regimen.
[0177] The amounts of various compounds to be
administered can be determined by standard procedures
taking into account factors such as the compound IC5O,
the biological half-life of the compound, the age,
size, and weight of the subject, and the disorder
associated with the subject. The importance of these
and other factors are well known to those of ordinary
skill in the art. Generally, adose will be between
about 0.01 and 50 mg/kg, preferably 0.1 and 20 mg/kg
of the subject being treated. Multiple doses may be
used. EXAMPLES [0178] Examples related to the present
invention are described below. In most cases,
alternative techniques can be used. The examples are
intended to be illustrative and are not limiting or
restrictive to the scope of the invention. In some
examples, the mass spectrometry result indicated for a
compound may have more than one value due to the
isotope distribution of an atom in the molecule, such
as a compound having a bromo or chloro substituent.
Example 1: Synthesis of propane-1-sulfonic acid
[3-(5-bromo-lH-pyrrolo[2,3-b]pyridine-3-
carbonyl)-2,4-difluoro-phenyl]-amide P-0773 and
related compounds. [0179] Compound P-0773 was
synthesized in five steps from
2,4-difluoro-phenylamine 42 as shown in Scheme 13.
Scheme 13 Step 1 -Preparation
of3-amino-2,6-difluoro-benzoic acid benzyl ester (43):
[0180] To 2,4-difluoro-phenylamine (42, 5.11 mL, 50.7
mmol) in tetrahydrofuran (250 mL), cooled with dry
ice/acetone bath under an atmosphere of nitrogen, was
added n-butyllithium ( 1.60 M in hexane, 34.0 mL, 54.4
mmol) slowly. After 30 minutes,
l,2-Bis-(chloro-dimethyl-silanyl)-ethane ( 11.5 g,
53.4 mmol) dissolved in tetrahydrofuran (40.0 mL) was
added to the reaction slowly. After 1 hour,
n-butyllithium ( 1.60 M in hexane, 31.9 mL, 5 1.0
mmol) was added slowly to the reaction. The reaction
was stirred at -78 0C for 30 minutes and then allowed
to warm to room temperature over 40 minutes. The
reaction was cooled to -78 0C, followed by addition of
n-butyllithium (1.60 M in hexane, 35.1 mL, 56.2 mmol)
slowly. After 70 minutes, benzyl chloroformate (7.97
mL, 55.8 mmol) was added to the reaction. The reaction
mixture was stirred at -78 C overnight followed by
addition of 2 N HCl (120 mL). The reaction was allowed
to warm to room temperature for 2 hours. Theorganic
layer was separated. The aqueous layer was basified
with potassium carbonate and extracted with ethyl
acetate. The organic layers were combined and washed
with brine, dried over anhydrous sodium sulfate,
filtrated and concentrated. The desired compound was
isolated by silica gel column chromatography (ethyl
acetate/hexane 20%) to give a colorless oil (43, 10.6
g, 79.7%). MS(ESI) [M+irT = 264.1. Step 2 -
Preparation of 2,
6-difluoro-3-(propane-l-sulfonylamino)-benzoic acid
benzyl ester (44): [0181] To
3-amino-2,6-difluoro-benzoic acid benzyl ester (43,
6.00 g, 22.8 mmol) in methylene chloride (150 mL) was
added pyridine (2.76 mL, 34.2 mmol) and
propane-1-sulfonyl chloride (3.80 mL, 33.8 mmol). The
reaction was stirred at room temperature overnight.
Then the reaction was poured into water, and extracted
with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtrated
and concentrated. The desired compound was isolated
with silica gel column chromatography to give a
colorless oil (44, 7.0 g, 83.1%). MS(ESI) [MH-H+J+ =
370.1. Step 3-Preparation
of2,6-difluoro-3-(propane-l-sulfonylamino)-benzoic
acid (45): [0182] To
2,6-difluoro-3-(propane-l-sulfonylamino)-benzoic acid
benzyl ester (44, 2.0 g, mmol) in methanol (30 mL) was
added 20% palladium hydroxide on carbon (100 mg). The
reaction was stirred under hydrogen at 1 atm for 15
minutes. The reaction was filtrated and concentrated
to give white solid 45 that was used in the next step.
Step 4 - Preparation
of2,6-difluoro-3-(propane-l-sulfonylamino)-benzoyl
chloride (46): [0183] To
2,6-difluoro-3-(propane-l-sulfonylamino)-benzoic acid
(45, 1.50 g, 5.4 mmol) was added toluene (7.0 mL) and
thionyl chloride (15.0 mL, 0.21 mmol). The reaction
was heated to reflux for 3 hours. The reaction was
concentrated to give crude compound that was used in
the next step. Step 5- Preparation of propane-
1-sulfonic acid
[3-(5-bromo~lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-
2,4-difluoro-phenyl]-amide (P-0773): [0184] To
aluminum trichloride (8.89 g, 66.7 mmol) was added
methylene chloride (150 mL) under an atmosphere of
nitrogen below 5 0C. Into this, 5-bromo-7-azaindole
(67, 1.64 g, 8.34 mmol) in methylene chloride (20 mL)
was added. The reaction was stirred for 60.0 minutes
and 2,6-difluoro-3- (propane-l-sulfonylamino)-benzoyl
chloride (46, 3.50 g, 11.8 mmol) in methylene chloride
(20 mL) was added. The reaction was stirred for 6
hours and warmed to room temperature overnight. The
reaction mixture was poured into water and extracted
with ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate, filtrated and concentrated.
The desired compound was isolated by silica gel column
chromatography (methylene chloride/methanol 5%) to
give a white solid (P-0773, 1.2 g, 31.4%). MS(ESI)
[M+HT = 460.0, 462.0.[0185]
N-[3-(5-Bromo-lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,
4-difluoro-phenyl]- benzenesulfonamide P-0798 and N- -
-bromo-lH-pyrrolo -b pyridine- -carbony -
difluorophenyl] -3-fluoro-benzenesulfonamide were
prepared following the protocol of Scheme 13,
substituting propane- 1-sulfonyl chloride with
benzenesulfonyl chloride and 3-fluoro-benzenesulfonyl
chloride, respectively, in Step 2. P-0798 MS(ESI) [M -
H ] = 489.9, 491.9. [0186] Propane- 1-sulfonic acid
[3-(5-bromo-lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-4-ch
loro-2- fluoro-phenyl]-amide P-0805 was prepared
following the protocol of Scheme 13, substituting
2,4-difluoro-phenylamme with 4-
chloro-2-fluoro-phenylamine in Step 1. MS(ESI) [M - H1
= 471.9, 473.9. [0187] Propane- 1-sulfonic acid
[2,4-difluoro-3-(lH-pyrrolo[2,3-b]pyridine-3-carbonyl)
-phenyl]- amide P-0007 was prepared following the
protocol of Scheme 13, substituting
5-bromo-7-azaindole with 7- azaindole in Step 5.
MS(ESI) [M + H+ + = 380.1 .[0188] Propane-1-sulfonic
acid
[2,4-difluoro-3-(5-methoxy-lH-pyrrolo[2,3-b]pyridine-3
-carbonyl)- phenyl]-amide P-0806 was prepared
following the protocol of Scheme 13, substituting
5-bromo-7-azaindole with 5- methoxy-7-azaindole 104
(prepared as described in Example 16) in Step 5.
MS(ESI) [M - H+] = 410.1. Example 2: Synthesis of
Propane-1-sulfonic acid
[3-(5-bromo-lH-pyrrolo[2,3-b]pyridine-3-
carbonyl)-2-fluoro-phenyl]-amide P-0955 and related
compounds. [0189] Compound P-0955 was synthesized in
six steps from 4-chloro-2-fluoro-phenylamine 47 as 



shown in Scheme 14. Scheme 14 Step 1 -Preparation
ofi-Amino-6-chloro-2-fluoro-benzoic acid benzyl ester
(48): [0190] To 4-chloro-2-fluoro-phenylamine (47,
6.30 mL, 57.0 mmol) in tetrahydrofuran (300 mL),
cooled with dry ice/acetone bath under an atmosphere
of nitrogen, was added n-butyllithium (2.500 M in
hexane, 24.4 mL) slowly. After 20 minutes,
l,2-Bis-(chloro-dimethyl-silanyl)-ethane (12.9 g, 60.0
mmol) dissolved in tetrahydrofuran (40.0 mL) was added
to the reaction slowly. After 1 hour, nbutyllithium
(2.50 M in hexane, 25.0 mL) was added slowly to the
reaction. The reaction was stirred at -78 0C for 20
minutes and allowed to warm to room temperature over
60 minutes. The reaction was cooled to -78 0C,
followed by addition of n-butyllithium (2.50 M in
hexane, 26.0 mL) slowly. After 80 minutes, benzyl
chloroformate (10.0 mL, 70.0 mmol) was added to the
reaction. The reaction mixture was stirred at -78 0C
overnight followed by addition of water (80 mL) and
concentrated hydrochloric acid (25 mL). The reaction
was allowed to warm to room temperature for2 hours.
The organic layer was separated and the aqueous layer
was basified with potassium carbonate and extracted
with ethyl acetate. The organic layers were combined
and washed with brine, dried over anhydrous sodium
sulfate, filtrated and concentrated. The desired
compound was isolated by silica gel column
chromatography (ethyl acetate/hexane 20%) to give a
colorless oil (48, 12.5 g, 78.3%). MS(ESI) [M+HY=
280.0. Step 2-Preparation
of6-chloro-2-fluoro-3-(propane-l-sulfonylamino)-henzoi
c acid benzyl ester (49): [0191] To S-amino-
-chloro^-fluoro-benzoic acid benzyl ester (48, 1.20 g,
4.3 mmol) in methylene chloride (28 mL) was added
pyridine (0.52 mL, 6.4 mmol) and propane- 1-sulfonyl
chloride (0.685 g, 4.8 mmol). The reaction was stirred
at room temperature overnight. The reaction was poured
into water and extracted with ethyl acetate. The
organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtrated and concentrated.
The desired compound was isolated with silica gel
column chromatography to give a colorless oil (49, 960
mg, 58.0%). MS(ESI) [M-H+] = 384.1. Step 3 -
Preparation
of6-chloro-2-fluoro-3-(propane-l-$idfonylamino)-benzoi
c acid (115): [0192] To 6-chloro-2-fluoro-3 -(propane-
1-sulfonylamino)-benzoic acid benzyl ester (49, 6.00
g, 15.6 mmol) in tetrahydrofuran (100 mL) was added
1.0 M aqueous potassium hydroxide (100 mL). The
reaction was heated to reflux overnight. The reaction
was poured into water, acidified to pH 2 with 1N
hydrochloric acid and extracted with ethyl acetate.
The organic portion was dried over anhydrous sodium
sulfate, filtrated and concentrated to give a white
solid 115 (3.95 g, 85.8%). Step 4 - Preparation
of2-fluoro-3-(propane-l-sulfonylamino)-benzoic acid
(50): [0193] To
6-chloro-2-fluoro-3-(propane-l-sulfonylamino)-benzoic
acid (115, 0.69 g, 2.3 mmol) in methanol (10 mL) was
added 20% palladium hydroxide on carbon (200 mg). The
reaction was stirred under hydrogen at 50 psi for 2
hours. The reaction was filtrated and concentrated to
give white solid 50 that was used in the next step.
MS(ESI) [M-H+] =260.1 . Step 5-Preparation
of2-fluoro-3-(propane-l-sulfonylamino)-benzoyl
chloride (51): [0194] To 2-fluoro -3-(propane-l
-sulfonylamino)-benzoic acid (50, 1.17 g, 4.5 mmol)
was added thionyl chloride (10.0 mL). The reaction was
heated to reflux for 3 hours. The reaction was
concentrated to give crude compound 51 that was used
in the next step. Step 6- Preparation of
Propane-1-sulfonic acid
[3-(5-bromo-lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-
2-fluoro-phenyl]-amide (P-0955): [0195] Aluminum
trichloride (2.52 g, 18.9 mmol) and methylene chloride
(60.0 mL) were combined under an atmosphere of
nitrogen. Into the reaction mixture, was added
5-bromo-7-azaindole (67, 630.0 mg, 3.2 mmol) in
methylene dichloride (20.0 mL). The reaction was
stirred at roomtemperature for 70 minutes, then
2-fluoro-3-(propane- l-sulfonylamino)-benzoyl chloride
(51, 0.749 g, 2.68 mmol) in methylene chloride (20 mL)
was added. The reaction was stirred at room
temperature for 2 hours. The reaction was poured into
water and extracted with ethyl acetate. The organic
layer was dried over anhydrous sodium sulfate and
filtered. The filtrate was concentrated and purified
by silica gel column chromatography eluting with 30%
ethyl acetate in hexane to give compound P-0955 (65
mg, 5.5%). MS(ESI) [M+ g =440.2, 442.2. [0196] Using
the protocol of Scheme 14, substituting
5-bromo-azaindole with either 5-chloro-7- azaindole
(80, prepared as described in Example 9),
5-fluoro-7-azaindole (81, prepared as described in
Example 9) or 7-azaindole in Step 6, propane-
1-sulfonic acid [3-(5-chloro-lH-pyrrolo[2,3-b]
ryridine- 3-carbonyl)-2-fluoro-phenyl]-amide P-1013
(MS(ESl) [M - H+] = 394.1), propane-1 -sulfonic acid
[2-
fluoro-3-(5-fluoro-lH-pyrrolo[2,3-b]pyridine-3-carbony
l)-phenyl]-amideP-1028 (MS(ESI) [M - H+] = 378.1), and
propane-1 -sulfonic acid
[2-fluoro-3-(lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-phe
nyl]- amide P-1056 (MS(ESI) [M + H I + = 362.2) were
prepared, respectively; Example 3: Propane-l-sulfonic
acid
[2,4-difluoro-3-(5-pyridin-3-yl-lH-pyrrolo[2,3-b]pyrid
ine- 3-carbonyI)-phenyI]-amide P-0088 and related
compounds. [0197] Compound P-0088 was synthesized in
one step from propane-l-sulfonic acid [3-(5-bromolH-
pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-difluoro-phenyl
]-amide P-0773 by Suzuki coupling ((Muyaura and
Suzuki, Chem. Rev. 1995, 95:2457) as shown in Scheme
15. Scheme 15 Step 1 -Preparation of
propane-l-sulfonic acid
[2,4-difluoro-3-(5-pyridin-3-yl-lH-pyrrolo[2,3-
b]pyridine-3-carbonyl)-phenyl]-amide (P-0088) : [0198]
To propane-l-sulfonic acid
[3-(5-bromo-lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluoro-phenyl] -amide (P-0773, prepared as described
in Example 1, 65.0 mg, 0.14 mmol) in acetonitrile (4.0
mL) was added pyridine-3-boronic acid (609, 25.0 mg,
0.20 mmol), tetrakis
19(triphenylpliosphine)palladium(O) ( 11 mg, 1.0%
mmol) and aqueous potassium carbonate (1.0 M, 2.0 mL).
The reaction was heated to 160 0C for 10 minutes in a
CEM Discover microwave instrument. The reaction was
poured into water, and extracted with ethyl acetate.
The organic layer was washed with brine, dried over
anhydrous sodium sulfate, filtrated and concentrated.
The desired compound was isolated by silica gel column
chromatography (methylene chloride/methanol 5%) to
give a white solid (P-0088, 30 mg, 46.9%). MS(ESI)
[M+E = 457.2. [0199] Additional compounds were
prepared following the protocol of Scheme 15,
optionally replacing propane- 1-sulfonic acid
[3-(5-bromo-lH-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-
difluorophenyl] -amide P-0773 with an appropriate
5-bromo azaindole and/or pyridine-3-boronic acid 609
with an appropriate boronic acid or boronic acid
ester. The 5-bromo azaindole used was synthesized as
described in either Example 1, 2, 5, or 54. The
following compounds were made following this
procedure:
N-[2,4-Difluoro-3-(5-pyridin-3-yl-lH-pyrrolo[2,3-b]pyr
idine-3-carbonyl)-phenyl]- benzenesulfonamide
(P-0685), Propane-1 -sulfonic acid
[4-chloro-2-fluoro-3-(5-pyridin-3-yl-lH-pyrrolo[2,3-b]
pyridine-3- carbonyl)-phenyl]-amide (P-0753),
Propane-1 -sulfonic acid
[2,4-difluoro-3-(5-phenyl-lH-pyrrolo[2,3-b]pyridine-3-
carbonyl)- phenylj-amide (P-0636), Propane-l-sulfonic
acid
[4-chloro-2-fluoro-3-(5-phenyl-lH-pyrrolo[2,3-b]pyridi
ne-3-carbonyl)- phenyl]-amide (P-0776) Propane-1
-sulfonic acid
{3-[5-(4-chloro-phenyl)-lH-pyrrolo[2,3-b]pyridine-3-ca
rbonyl]-2,4- difluoro-phenyl} -amide (P-0956),
Propane-1 -sulfonic acid
{3-[5-(4-dimethylamino-phenyl)-lH-pyrrolo[2,3-b]pyridm
e-3-carbonyl]- 2,4-difluoro-phenyl} -amide (P-0889),
Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(4-methoxy-phenyl)-lH-pyrrolo[2,3-b
]pyridine-3- carbonyl] -phenyl}-amide (P-0877),
Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(4-trifluoromethyl-phenyl)-lH-pyrro
lo[2,3-b]pyridine- 3-carbonyl]-phenyl} -amide
(P-0912), Propane- 1-sulfonic acid
{2,4-difJuoro-3-[5-(3-methoxy-phenyl)- 1H-pyrrolo[2,3
-b]pyridine-3- carbonyl]-phenyl} -amide (P-0874),
Propane-1 -sulfonic acid
{3-[5-(3-dimethylamino-phenyl)-lH-pyrrolo[2,3-b]pyridi
ne-3-carbonyl]- 2,4-difluoro-phenyl} -amide (P-0876),
Propane-1 -sulfonic acid
[2-fluoro-3-(5-phenyl-lH-pyrrolo[2,3-b]pyridine-3-carb
onyl)-phenyl]- amide (P-0897), Propane-1 -sulfonic
acid
{3-[5-(4-chloro-phenyl)-lH-pyrrolo[2,3-b]pyridine-3-ca
rbonyl]-2-fluorophenyl}- amide
(P-1009),5-phenyl-lH-pyrrolo[2,3-b]pyridine,
Propane-l-sulfonic acid
[2-fluoro-3-(5-pyridin-3-yl-lH-pyrrolo[2,3-b]pyridme-3
-carbonyl)- phenyl]-amide (P-1251), Propane-1
-sulfonic acid
{2,4-difluoro-3-[5-(3-fluoro-phenyl)-lH-pyrrolo[2,3-b]
pyridine-3- carbonyl]-phenyl}-amide (P-1259),
Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(4-fluoro-phenyl)-lH-pyrrolo[2,3-b]
pyridine-3- carbonyl]-phenyl}-amide (P-1260),
Propane-1 -sulfonic acid
[2-fiuoro-3-(5-pyridin-3-yl-lH-pyrrolo[2,3-b]pyridine-
3-carbonyl)- phenyl]-amide (P-1261), 



Propane-1 -sulfonic acid
[2,4-difluoro-3-(5-pyridin-4-yl-lH-pyrrolo[2,3-b]pyrid
ine-3-carbonyl)- phenyl]-amide (P-1262),
3-{3-[2,6-Difluoro-3-(prorane-l-sulfonylamino)-benzoyl
]-lH-pyrrolo[2,3-b]pyridin-5-yl}- benzoic acid
(P-1266), Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(3-morpholin-4-yl-phenyl)-lH-pyrrol
o[2,3-b]pyridme- 3-carbonyl]-phenyl}-amide (P-1873),
Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(3-morpholin-4-ylmethyl-phenyl)-lH-
pyrrolo[2,3- b]pyridine-3-carbonyl]-phenyl} -amide
(P-1878), Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(6-methoxy-pyridin-3-yl)-lH-pyrrolo
[2,3-b]pyridine- 3-carbonyl]-phenyl}-amide (P-1879),
Propane-1 -sulfonic acid
{2,4-difluoro-3-[5-(6-morpholin-4-yl-pyridin-3-yl)-lH-
pyrrolo[2,3- b]pyridine-3-carbonyl]-phenyl} -amide
(P-1881), Propane-1 -sulfonic acid
(2,4-difluoro-3-{5-[6-(4-methyl-piperazin-l-yl)-pyridi
n-3-yl]-lHpyrrolo[ 2,3-b]pyridine-3-carbonyl}
-phenyl)-amide (P-1882), Propane-1 -sulfonic acid
{3-[5-(4-cyano-3,5-dimethyl-phenyl)-lH-pyrrolo[2,3-b]p
yridine-3- carbonyl]-2,4-difluoro-phenyl} -amide
(P-1980),
N-{2,4-Difluoro-3-[5-(l-methyl-lH-pyrazol-4-yl)-lH-pyr
rolo[2,3-b]pyridine-3-carbonyl]-
phenyl}-4-trifluoromethyl-benzenesulfonamide (P-1996),
N-{2,4-Difluoro-3-[5-(l-methyl-lH-pyrazol-4-yl)-lH-pyr
rolo[2,3-b]pyridine-3-carbonyl]- phenyl}
-3-fluoro-benzenesulfonamide (P-1997), Propane-1
-sulfonic acid
{2,4-difluoro-3-[5-(l-methyl-lH-pyrazol-4-yl)-lH-pyrro
lo[2,3- b]pyridine-3-carbonyl]-phenyl}-amide (P-1864),
Propane- 1-sulfonic acid
{3-[5-(4-chloro-phenyl)-1H-pyrrolo[2,3
-b]pyridine-3-carbonyl]-4-fluorophenyl} -amide
(P-1432),
4-{3-[2,6-Difluoro-3-(propane-l-sulfonylamino)-benzoyl
]-lH-pyrrolo[2,3-b]pyridin-5-yl}- benzamide (P-1546),
4-{3-[2,6-Difluoro-3-(propane-l-sulfonylamino)-benzoyl
]-lH-pyrrolo[2,3-b]pyridin-5-yl}-N,Ndimethyl-
benzamide (P-1547),Propane-l-sulfonic acid
(2,4-difluoro-3-{5-[4-(mof
holine-4-carbonyl)-rhenyl]-lH-pyrrolo[2,3-
b]pyridine-3-carbonyl}-phenyl)-amide (P-1548),
3-{3-[2,6-Difluoro-3-(propane-l-sulfonylamino)-benzoyl
]-lH-pyrrolo[2,3-b]pyridm-5-yl}- benzamide (P-1549),
Propane-1-sulfonic acid
{2,4-difluoro-3-[5-(4-methyl-lH-imidazol-2-yl)-lH-pyrr
olo[2,3- b]pyridine-3-carbonyl]-phenyl}-amide
(P-2006), and
N-{2,4-Difluoro-3-[5-(6-methoxy-pyridin-3-yl)-lH-pyrro
lo[2 53-b]pyridine-3-carbonyl]-plienyl}-
3-fluoro-benzenesulfonamide (P-2012). The following
table indicates the 5-bromo azaindole (column 2) and
boronic acid (column 3) used to afford the compound
(column 4). Column 1 provides the compound number and
column 5 the observed mass.CARDIOMYOCYTE CELL
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BACKGROUND OF THE INVENTION During embryonic
development, the tissues of the body are formed from
three major cell populations: ectoderm, mesoderm and
definitive endoderm. These cell populations, also
known as primary germ cell layers, are formed through
a process known as gastrulation. Following
gastrulation, each primary germ cell layer generates a
specific set of cell populations and tissues. Mesoderm
gives rise to blood cells, endothelial cells, cardiac
and skeletal muscle, and adipocytes. Definitive
endoderm generates liver, pancreas and lung. Ectoderm
gives rise to the nervous system, skin and adrenal
tissues. The process of tissue development from these
germ cell layers involves multiple differentiation
steps, reflecting complex molecular changes. With
respect to mesoderm and its derivatives, three
distinct stages have been defined. The first is the
induction of mesoderm from cells within a structure
known as the epiblast. The newly formed mesoderm, also
known as nascent mesoderm, migrates to different
positions that will be sites of future tissue
development in the early embryo. This process, known
as patterning, entails some molecular changes that are
likely reflective of the initial stages of
differentiation towards specific tissues. The final
stage, knownas specification, involves the generation
of distinct tissues from the patterned mesodermal
subpopulations. Recent studies have provided evidence
which suggests that mesoderm is induced in successive
waves which represent subpopulations with distinct
developmental potential. The mesoderm that is formed
first migrates to the extraembryonic region and gives
rise to hematopoietic and endothelial cells, whereas
the next population migrates anteriorly in the
developing embryo and contributes to the heart and
cranial mesenchyme. These lineage relationships were
defined initially through histological analysis and
have been largely confirmed by cell tracing studies.
With respect to hematopoietic commitment, there is now
compelling evidence from studies with the ES cell
differentiation model and on the mouse embryo that the
earliest identifiable progenitor is a cell that also
displays vascular potential, a cell that is known as
the hemangioblast (Choi et al., (1998); Development
125:725-732; Huber et al., (2004) Nature 432:625-30).
Analysis of this progenitor revealed that it
co-expresses the mesoderm gene brachyury and the
receptor tyrosine kinase FIk-I, indicating that it
represents a subpopulation of mesoderm undergoing
commitment to the hematopoietic and vascular lineages
(Fehling et al., (2003) Development 130:4217-4227).
Lineage-tracing studies have demonstrated that the
heart develops from a FIk-I+ population, suggesting
that a comparable multipotential cell may exist for
the cardiovascular system (Ema etal., (2006) Blood
107:111-117). Analyses of ES cell differentiation
cultures have provided evidence for the existence of a
FIk-I + progenitor with cardiac and endothelial
potential (Yamashita et al., (2005) FASEB
19:1534-1536). The Notch pathway is involved in cell
fate determination and differentiation. The Notch
pathway and Notch signaling are reviewed in Artavanis-
Tsakanas (1995) Science 268:225-232. Four Notch
proteins (Notchl, Notch2, Notch3 and Notch4) have been
identified in humans. The Notch proteins are
transmembrane receptors. Upon activation by a ligand,
the intracellular domain of Notch is proteolytically
cleaved and transported to the nucleus to activate
transcription of downstream effectors. Truncated forms
of Notch that lack the extracellular ligandbinding
domains are constitutively activated. See, e.g., U.S.
Patent No. 5,780,300. Notch signaling is of interest
in the context of early lineage commitment as it is
involved in cell fate decisions in diverse
developmental processesand it has been shown to play a
role in hematopoietic, vasculogenic and cardiac
development. The four different Notch receptors,
Notchl-4, can associate with five ligands, delta-like
1-3 and jagged 1 and 2. Expression analyses of the
early gastrulating mouse embryo revealed overlapping
patterns for Notch 1, 2, and 3 in the newly formed
mesoderm. As gastrulation proceeds, distinct patterns
emerge with Notchl expression extending to developing
blood islands in addition to other mesoderm
subpopulations, while Notch2 expression overlaps with
that of Notchl in the paraxial and lateral plate
mesoderm. Notch3 is detected in the cardiogenic plate
in addition to the lateral plate and splanchnic
mesoderm. With the establishment of the hematopoietic
and cardiovascular systems, further segregation of
expression is observed. AU four genes have been
reported to be expressed at some level in various
hematopoietic lineages (review, Radtke et al., (2004)
Nat. Immunol. 5:247-253). Notchl is expressed in
immature hematopoietic progenitors (Milner et al.,
(1994) Blood 83:2057-2062) as well as in the
developing T cell lineage (Ellisen et al., (1991) Cell
66:649-661). Within the vasculature, Notchl is readily
detected in endothelial and vascular smooth muscle
cells (Loomes et al., (2002) Am. J . Med. Genet.
112:181- 189), whereas Notch3 appears to be restricted
to the smooth muscle lineage (Leimeister et al.,
(2000) Mech. Per. 98:175-178). Notch4 is found
predominantly in the endothelial lineage (Uyttendaele
et al., (1996) Development 122:2251-2259). 



Despite these early and relatively broad expression
patterns, targeting studies have demonstrated that the
Notch receptors are not essential for gastrulation,
germ layer induction or specification. Notchl is
essential for establishment of the definitive
hematopoietic system as demonstrated by the failure of
Notchl mutant ES cells to contribute to definitive
hematopoiesis in chimeric mice following injection
into wild-type blastocysts (Hadland et al., (2004)
Blood 104:2097-3 105) and by the lack of hematopoietic
development in Notchl AGM explants (Kumano et al.,
(2003) Immunity 18:699-71 1). Notchl is also required
for proper vascular morphogenesis as homozygous null
embryos die at El 1.5 from defects in angiogenic
vascular remodeling (Krebs et al., (2000) Genes Dev.
14:1343-1352). In contrast to Notchl mutants, Notch4
null animals are viable indicating that this receptor
is not essential for embryonic development. Double
mutant mice lacking both Notchl and Notch4 display a
more severe phenotype than Notchl null embryos,
demonstrating thatNotch4 does play a role in
development of a functional vascular system. Id Notch2
is required for fetal development as the mutant
embryos die between day 9.5 and 11.5 of gestation
displaying extensive cell death in many tissues
(McCright et al., (2001) Development 128:491-502)
whereas Notch3 null mice are viable but do show some
arterial defects (Domenga et al., (2004) Genes Dev.
18:2730-2735). The relatively late and variable
defects observed in the Notch deficient animals
despite the early expression patterns of their
corresponding genes suggests that either this pathway
is not essential during gastrulation or compensatory
mechanisms could be masking the true function of some
of the receptors. Further insights into the role of
notch signaling in hematopoietic, vascular and cardiac
lineage commitment have come from forced expression
studies in different model systems and in specific
cell lines. The findings from such studies have
demonstrated that Notchl plays a critical role in the
establishment of the g/d and a/bT cell lineages in the
mouse (Washburn et al., (1997) Cell 88:833-843) and
that constitutive signaling through the receptor in
early hematopoietic progenitors appears to favor their
proliferation over differentiation, resulting in the
emergence of immortalized progenitors with either
lymphoid or myeloid characteristics (Varnum- Finney et
al., (2000) Nat. Med. 6:1278-1281). In Zebrafish,
Notch activation led to the expansion of hematopoietic
cells in the AGM region during embryogenesis and
enhanced hematopoietic recovery following radiation
injury in the adult (Burns et al., (2005) Genes Dev.
19:2331-2342). While Notch signaling at appropriate
stages enhances hematopoietic development, it appears
to have an opposite effect on establishment of the
cardiomyocyte lineage, as activation of Notchl in the
heart field of the Xenopus embryo was found to
decrease the expression of cardiac markers (Rones et
al., (2000) Development 127:3865-3876). Consistent
with this finding is the observation that ES cells
deficient in RBP-Jk, a downstream effector of the
Notch pathway, appear to generate more cardiomyocytes
than wild type counter parts while those expressing a
constitutively active Notchl receptor generated fewer
(Schroeder et al., (2003) Prac. Natl. Acad. Sci.
100:4018-4023). The inhibitory effect of Notch
signaling on cardiac development was demonstrated in
the developing mouse as expression of the
intracellular domain of the receptor repressed
atrioventricular myocardial differentiation and
ventricular maturation (Watanabe et al.,
(2006)Development 133:1625-1634). The effects of
altered notch expression on the endothelial lineage
are difficult to interpret as constitutive expression
of Notch4 in endothelial cells in culture (Leong et
al., (2002) MoI. Cell Biol. 22:2830-2841) or in the
endothelial lineage of embryos (Uyttendaele et al.,
(2001) Proc. Natl. Acad. Sci. 98:5643-5648) inhibited
endothelial sprouting and branching morphogenesis,
whereas expression in a brain endothelial cell line
induced the formation of microvessel-like structures
(Uyttendaele et al., (2000) Microvasc. Res.
60:91-103). Collectively, these findings indicate that
Notch signaling can impact hematopoietic, vascular and
cardiac development and that the observed effects are
both stage and context specific. It has been
surprisingly discovered in accordance with the present
invention that Notch signalling is involved in the
specification of mesoderm to derivative lineages.
SUMMARY OF THE INVENTION The present invention
provides cell populations that are enriched for
cardiac progenitor cells and methods of making such
cell populations. The present invention further
provides a method for inducing the differentiation of
cardiac progenitor cells from embryonic stem (ES)
cells comprising culturing ES cells under conditions
sufficient to form EBs, culturing EBs under conditions
sufficient for differentiation to
hemangioblast/pre-erythroid cells, and isolating such
cells and reaggregating in the presence of Notch. The
invention also provides a method for inhibiting the
differentiation of cardiac cells from ES cells
comprising culturing ES cells under conditions
sufficient to form EBs, culturing the EBs under
conditions sufficient for differentiation to a
Bry+/Flk-1" population, and isolating such a
population and reaggregating in the presence of Notch.
The invention also provides a method of screening for
an agent that has an effect on cardiomyocytes. In
another embodiment, the present invention provides a
method of cardiomyocyte replacement therapy.The
methods of the present invention are useful for the
expansion of precursor cells and for the generation of
differentiated cells and tissues for cell replacement
therapies, and for screening and identification of
agents that affect cardiac progenitor cells and
endothelial cells. BRIEF DESCRIPTION OF THE DRAWINGS
Figs. IA-D depict gene expression patterns of Notch4.
Fig. IA shows flow cytometric analysis of a day 3.25
populations demonstrating the GFP-Bry+/Flk- I+
hemangioblast and the GFP-BryVFlk-l " cardiogenic
populations. Fig. IB shows expression of Notch4 in the
GFP-Bry+/Flk-1+ and GFP-Bry+/Flk-1 populations
isolated from different staged EBs. Fig. 1C shows
expression analysis of blast colony-derived core and
outer cell populations. Four-day old blast colonies
were picked from the methylcellulose cultures and the
outer cells and cores were separated using a fine
mouth pipette. Each population from individual
colonies was analyzed for expression of the indicated
genes. L32 was used was used as an internal control.
Fig. ID shows expression of Notch4 in ES cell-derived
hematopoietic, endothelial and vascular smooth muscle
cell lines. The HOXl 1-immortalized hematopoietic cell
line EBHXl 1 and the endothelial cell line D4T (endo)
were used for this analysis. The VSM cell line was
established by force passaging EB-derived FIk-I +
cells. Expression of the indicated genes was used to
verify the lineage fidelity of the 3 cell lines. Figs.
2A-D depict the effect of Notch4 signaling on
hematopoietic development from the EB-derived FIk-I +
population. Fig. 2A shows expression of HA-Notch4 in
ES cells 24 hours following Dox induction. For studies
on the role of Notch4 signaling on hematopoietic
development, day 3.25 FIk-I+ cells were isolated by
cell sorting and reaggregated in serum-containing
medium in the presence (+Dox) or absence (-Dox) of Dox
( 1 mg/ml) for 2 days. Following the Dox induction,
the aggregates were dissociated and analyzed for
hematopoietic potential. Fig. 2B shows flow cytometric
analyses showing the proportion of VE-cad and CD41
positive cells in the aggregates. Fig. 2C shows the
hematopoietic colony forming potential of the
aggregate cells. Bars represent the standard error of
the mean of the number ofcolonies from 3 cultures. Ep,
primitive erythroid; Ed, definitive erythroid; Mac,
macrophage; E/Mac, bipotential erythroid/macrophage.
Fig. 2D shows gene expression analyses of aggregates.
Figs. 3D-E depict the cardiac potential of the Notch4
induced FIk-I + population. Fig. 3A shows the
proportion of aggregates containing contacting
cardiomyocytes following 24 hours of Dox induction of
the day 3.25 FIk-I + population. Single aggregates
were plated into microtiter wells in the cardiac
cultures and the presence of contracting cells was
evaluated at 3 days following replatmg. - Dox/-Dox:
uninduced cells, +Dox/-Dox: addition of Dox to the
aggregation culture, +Dox/+Dox: addition of Dox to
both of the aggregation and cardiac cultures,
+Dox+inhibitor/-Dox: addition of Dox (0.5 mg/ml) and
g-secretase inhibitor (5 mM) to the aggregation
culture. Fig. 3B shows immunostaining demonstrating
the presence 



of cardiac Troponin T (cTnT) in cells from the induced
(+Dox/-Dox) but not from the un-induced (-DoxADox)
aggregates. Fig. 3C is a flow cytometric analysis
demonstrating the proportion cTnT cells present in
cultures generated from pooled aggregates. Pools of
aggregates were replated in the cardiac cultures for 3
days, at which time the cells were harvested and
subjected to intracellular staining with an antibody
to cTnT. The dark line represents CTnT+ cells whereas
the shaded area represents control staining with
secondary antibody alone. Fig. 3D shows gene
expression analyses of the cardiac cultures 3 days
following replating of the aggregates. Treatments are
indicated on the top of the figure. Fig. 3E shows the
proportion of cTnT positive cells that develop
following removal of Dox from the cardiac cultures
(+Dox/+Dox/-Dox). Figs. 4A and B depict the temporal
developmental of the FIk-I + EB population susceptible
to cardiac induction by Notch4. FIk-I+ cells were
isolated from day 3, 4 and 5 EBs and aggregated for 24
hours in the presence or absence of Dox. Aggregates
from both groups were plated into microtiter wells and
monitored for the development of contracting cells or
subjected to gene expression analysis. Aggregates were
monitored daily between 3 and 5 days of culture for
the presence of contracting cells. Fig. 4A shows the
proportion of aggregates that contained contracting
cells. Fig. 4B shows the expression of nkx2.5 in the
induced (+) and un induced (-) aggregates from the
different populations.Figs. 5A-F depict the effect of
Notch4 expression on BL-CFC-derived blast colony
development. Day 3.25 FIk-I + cells were cultured in
the methylcellulose blast colony assay in the presence
or absence of Dox. Fig. 5A is a photograph of blast
(upper, -Dox) and compact (lower, +Dox) colonies
following 4 days of culture. Original magnification
40Ox. Fig. 5B shows the number of blast or compact
colonies generated in the absence or presence of Dox
or in the presence of Dox and g-secretase inhibitor.
Colonies were scored following 4 days of culture. Fig.
5C shows gene expression analysis of individual
compact and blast colonies. Each lane represents a
single 7-day old colony. Fig. 5D shows immunostaining
demonstrating the presence of cTnT in the adherent
outgrowth of a single compact colony. The cells were
grown on a glass coverslip for 4 days from a 7 day old
compact colony. Fig. 5E is a photograph of a mixed
lineage hematopoietic and cardiac colony (Original
magnification 20Ox). Day 3.25 FIk-I + cells were
cultured for 1 day in the blast colony assay in the
presence of Dox. Following this induction step, the
entire contents of the methylcellulose culture was
harvested, the developing colonies washed several
times, and replated in the same volume in the blast
colony assay in the absence of Dox. The secondary
cultures were supplemented with Epo and IL-3 to enable
visualization of erythropoiesis within the colonies.
Fig. 5F shows gene expression analysis of individual
mixed lineage colonies. Each lane represents a single
7 day-old colony. Figs. 6A and B depict induction of
cardiac development in FIk-I + population by the Notch
ligand DIl- 1. Day 3.25 FIk-I + cells from the Bry-GFP
ES cell line were cultured on DIl-1 expressing OP9
cells in serum-free conditions for 3 days, in the
absence or presence of g-secretase inhibitor (5 mM).
Following this culture step, the cells were harvested,
stained with the anti-cTnT antibody and analyzed by
flow cytometry. Fig. 6A shows cells cultured in the
absence of inhibitor. Fig. 6B shows cells cultured in
the presence of inhibitor. The dark line represents
cells stained with cTnT antibody whereas the shaded
area represents control staining with secondary
antibody alone. Figs. 7A-D show the role of Notch
signaling on cardiac development from EB-derived
GFP-Bry+/Flk-1 mesoderm. Day 3.25 GFP-Bry+/Flk-1 cells
generated from the GFP-Bry/Ainv-Notch4 ES cell line
isolated by FACS were reaggregated for 24 hours in the
presence or absence of Dox or g-secretase
inhibitor.Following the reaggregation step, pools of
aggregates were plated for 3-4 days in the cardiac
cultures in the presence or absence of Dox or
g-secretase inhibitor. Populations cultured under the
various conditions were analyzed for the presence
CTnT+ cells by flow cytometry. Fig. 7A shows the
proportion of CTnT+ cells that developed in the
absence g-secretase inhibitor (-17-1), or from cells
exposed to g- secretase inhibitor during the
reaggregation step (+I/-I) or in the cardiac cultures
(- I/+I). Fig. 7B shows cardiac gene expression of the
cells grown in the cardiac cultures in the presence or
absence of g-secretase inhibitor. Fig. 1C shows the
proportion of CTnT+ cells that develop in the absence
or presence of Dox induction. (- Dox/-Dox),
non-induced cells; (+Dox/-Dox), Dox added during the
reaggregation step; (-Dox/+Dox) Dox added to the
cardiac cultures. Fig. 7D shows cardiac gene
expression of the cells cultured in the presence or
absence of Dox. Figs. 8A-D depict the role of Notch
signaling in cardiac development from E7.5 primitive
streak explants. Fig. 8A is a photograph of an E7.5
embryo indicating the dissection scheme used to
generate the distal primitive streak (DPS), and the
posterior primitive streak (PPS) for Notch gene
analyses. Fig. 8B shows expression analyses of the PPS
and DPS. Fig. 8C shows the percentage of PPS explants
that had contracting cells after 5 days of culture in
the presence (+inhibitor) or absence (-inhibitor) of
g-secretase inhibitor. Fig. 8D shows gene expression
analyses of the PPS explants cultured for 5 days in
the presence or absence of g- secretase inhibitor.
DETAILED DESCRIPTION OF THE INVENTION In accordance
with the present invention, it has been discovered
that the differentiation of ES cells can be directed
by activating or inhibiting Notch in ESderived cells
or their progeny. Notch is defined herein to include
Notch 1, Notch2, Notch3, Notch4 and active variants
and fragments thereof, including active truncated
forms that lack the extracellular ligand-binding
domain. The terms activation and inhibition of Notch
as used herein refer to activation and inhibition of
the Notch signaling pathway. Accordingly, activation
of Notch may be accomplished by contacting a cell with
a Notch agonist including for example a Notch ligand,
orintroducing into a cell a recombinant nucleic acid
that expresses activated Notch or another molecule
that activates the Notch pathway. Notch agonists are
known in the art and include, for example, the Notch
ligands Delta-likel-3 and Jaggedl and 2. Inhibition of
Notch may be accomplished by contacting a cell with a
Notch antagonist or introducing into a cell a
recombinant nucleic acid that inhibits Notch or
inhibits the Notch pathway. Antagonists are known in
the art and disclosed for example by Dontu et al.
(2004) Breast Cancer Res. 6:R605-R615. A nucleic acid
that expresses Notch or another molecule that
activates the Notch pathway, or that inhibits Notch or
the Notch pathway may be introduced into an ES cell or
an ES-derived cell by methods known to those of
ordinary skill in the art, including gene transfer by
viral vectors, homologous recombination, and
recombinase-based approaches. In a preferred
embodiment, the nucleic acid is operably linked to a
regulatory element that controls inducible expression
such that expression of a nucleic acid that activates
or inhibits Notch is inducible. In a most preferred
embodiment, a doxycycline inducible ("dox-on") gene
expression system is used. Such systems are known in
the art and disclosed for example by Ting et al.
(2005) Methods in Molecular Medicine 105:23-46. In a
preferred embodiment, a recombinant nucleic acid that
expresses activated Notch is introduced into a cell i
another preferred embodiment, the recombinant nucleic
acid encodes Notch4 or an active fragment thereof. The
nucleic acid sequences of human and mouse Notch4 are
known. Uyttendaele et al. (1996) Development
122:2251-2259; Li et al. (1998) Genomics 51:45-58. In
a preferred embodiment, the nucleic acid encodes the
constitutively active intracellular domain of Notch4.
Thus truncated form of Notch4 (Notch4-IC) is disclosed
in the art, for example by Soriano et al. (2000)
International Journal of Cancer 86:652-659 and
Vercauteren et al. (2004) Blood 104:2315-2322. In a
preferred embodiment, the nucleic acid has a sequence
that encodes amino acids 1476-2003 of human Notch4 (as
numbered by Li et al., supra ). In another embodiment,
the nucleic acid has a sequence that is at least 80%,
or preferably at least 90%, or more preferably at
least 95% homologous to the sequence that encodes
amino acids 1476-2003 of human Notch4.ES cells may be
obtained commercially or by methods known in the art.
For example, ES cells may be obtained from blastocysts
by methods known in the art and disclosed for example
by Evans et al. (1981) Nature 292:154-156; 



Thomson et al. (1995) Proc. Nat'l. Acad. Sci. USA
92:7844; U.S. Patent No. 5,843,780; and Reubinoff et
al. (2000) Nature Biotech. 18:399. In a preferred
embodiment the ES cells are mouse or primate ES cells.
In another preferred embodiment, the ES cells are
human ES cells. In one preferred embodiment, ES cells
may be engineered to inducibly express the active
intracellular domain of Notch4 by the methods
described above and for convenience are referred to
herein as "Notch4-ES cells." Such ES cells and their
progeny express activated Notch4 upon exposure to the
appropriate inducer. In a preferred embodiment the
expression system is a dox-on system inducible by
doxycycline. Thus in one embodiment, the present
invention provides a method of inducing
differentiation of cardiac progenitor cells from ES
cells comprising culturing ES cells for a time and
under conditions sufficient for formation of embryoid
bodies (EBs), culturing the EBs for a time and under
conditions sufficient for differentiation to
hemangioblast/pre-erythroid cells, and isolating and
reaggregating the hemangioblast/pre-erythroid cells in
the presence of activated Notch to provide cardiac
progenitor cells. The cardiac progenitor cells may be
cultured under conditions sufficient for
differentiation to cardiomyocytes. In another
embodiment, the method further comprises the step of
culturing the cardiac progenitor or cardiomyocytes
cells under cardiac culture conditions in the absence
of activated Notch. EBs are three dimensional colonies
that contain developing populations from a broad
spectrum of lineages. Conditions for formation of EBs
are known in the art and disclosed for example by
Smith (2001) Annu. Rev. Cell Dev. Biol. 17:435-462 and
WO 2004/098490 to Keller et al. As a nonlimiting
example, ES may be cultured in Iscove Modified
Dulbecco Medium (IMDM) supplemented with 2mM
L-glutamine, 200 mg/mL transferrin, 0.5mM ascorbic
acid, 4x1 0 4M monothioglycerol plus 15% fetal calf
serum to generate EBs. EBs may be cultured in the
presence of serum for a time sufficient for
differentiation to a hemangioblasf preerythroid
population. In a preferred embodiment the EBs are
cultured for about 2.5 to 4.5 days. In a more
preferred embodiment, ES cells are cultured for about
3 days. Hemangioblast/pre-erythroid cells are defined
herein as Bry+/Flk-1 + and are collected, for example
by sorting and isolating cells expressing a marker
indicative of these cells such as the tyrosine kinase
receptor VEGRF2 also known as KDR or FIk-I . Methods
for sorting OfKDR+ and FIk-I + cells are known in the
art and disclosed for example byWO 2004/098490 to
Keller et al. To induce cardiomyocyte differentiation,
the hemangioblast/preerythroid cells are reaggregated
under conditions whereby Notch is activated. In a
preferred embodiment, serum free conditions are used.
In another preferred embodiment, Notch is activated
for about 12-48 hours. In a more preferred embodiment,
Notch is activated for about 24 hours. Notch may be
activated as described hereinabove, e.g., by adding a
Notch agonist or by inducing expression of a nucleic
acid encoding Notch that has been introduced into the
ES cell. For example, if doxycycline-inducible
Notch4-ES cells are used, doxycycline is added for
about 12- 48 hours, and preferably for about 24 hours.
Single aggregates may then be picked and cultured
under cardiac differentiation conditions in the
absence of activated Notch. Such conditions are known
in the art and include, for example, culturing in
serum-free medium. Cardiomyocyte differentiation may
be determined by monitoring for the development of
beating cell masses, by assaying for the presence of a
cardiac marker such as Troponin-T, or by detecting
gene expression of cardiovascular markers such as Nkx
2.5. The hemangioblast/pre-erythroid cells, in the
absence of Notch activation, differentiate to the
hematopoietic and vascular lineages. Accordingly, by
the discovery that Notch activation redirects this
population to cardiac cells, the present invention
provides a novel source of such cells. The foregoing
method provides cell populations that contain at least
about 10% cardiomyocytes. In a preferred embodiment
the cell populations comprise at least about 50%
cardiomyocytes. In more preferred embodiments, the
cell populations comprise about 60%, or about 70%, or
about 80%, or most preferably about 90%
cardiomyocytes.The cell populations enriched for
cardiomyocytes are useful in a method for the
screening for an agent that has an effect on
cardiomyocytes. The method may be used, for example,
to identify agents that alter lineage development,
improve cell function, alter differentiation to
sublineages, affect contractile activity, or promote
proliferation and maintenance of cells in long term
culture. The method may be used for screening of
pharmacological compounds for toxicity and efficacy.
The method of screening for an agent that has an
effect on cardiomyocytes comprises contacting
cardiomyocytes of the present invention with a
candidate agent and assaying for an effect on the
cardiomyocytes in the presence of the agent, whereby
the presence of an effect is indicative of the
identification of an agent that has an effect on
cardiomyocytes. Examples of candidate agents include,
but are not limited to, nucleic acids, carbohydrates,
lipids, proteins, peptides, peptidomimetics, small
molecules and antibodies. Candidate agents may be
naturally occurring or synthetic, and may be obtained
using combinatorial library methods. The effect on
cardiomyocytes may be determined by any standard assay
for phenotype or activity, including for example an
assay for marker expression, receptor binding,
contractile activity, electrophysiology, cell
viability, survival, morphology, or DNA synthesis or
repair. The cell populations enriched for
cardiomyocytes are also useful for cell replacement
therapies, and may be used for example for treatment
of a disorder characterized by insufficient cardiac
function including, for example, congenital heart
disease, coronary heart disease, cardiomyopathy,
endocarditis or total heart block. Accordingly, in one
embodiment the present invention provides a method of
cardiomyocyte replacement therapy comprising
administering to a subject in need of such treatment a
composition comprising cardiomyocytes isolated from a
cell population enriched for cardiomyocytes obtained
in accordance with the present invention. In a
preferred embodiment, the subject is a human. The
composition may be administered by a route that
results in delivery to cardiac tissue including, for
example, injection or implantation. The present
invention also provides a method of inhibiting the
differentiation of cardiac cells from ES cells and
ES-derived cells. The methodcomprises culturing ES
cells for a time and under conditions sufficient for
differentiation and formation of EBs, culturing the
EBs for a time and under conditions sufficient for
differentiation to a Bry+/Flk-1 " cell population, and
isolating and reaggreating the Bry+/Flk-1 cell
population in the presence of an inhibitor of Notch
under conditions whereby differentiation of cardiac
cells is inhibited. Inhibition may be measured as
described above, for example by detecting cell surface
markers and lineage specific gene expression.
Inhibitors of Notch4 are known in the art and include,
for example, g-secretase inhibitor X. In a preferred
embodiment, EBs are cultured for about 2.5 to 4.5
days. In another preferred embodiment, EBs are
cultured for about 3 days hi another preferred
embodiment, the cells are reaggregated in the presence
of the Notch inhibitor for about 24 hours. The method
optionally comprises the further step of culturing
single aggregates under cardiac culture conditions in
the presence of an inhibitor of Notch. AUreferences
cited herein are incorporated herein in their
entirety. The following examples serve to further
illustrate the present invention. Example 1 Materials
and Methods ES cell culture and differentiation ES
cells were maintained on irradiated feeders in
Dulbecco's Modified Eagle Medium (DMEM) supplemented
with 15% fetal calf serum (FCS), 10% ES cell
conditioned medium, penicillin, streptomycin, 1.5 x 10
4 M monothioglycerol (MTG; Sigma) and LIF (1%
conditioned medium). Prior to induction of
differentiation, cells 



were passaged 2 times on gelatin-coated plates in
Iscove Modified Dulbecco Medium (IMDM) containing the
same supplements mentioned above to deplete the
population of feeder cells. For the generation of
EBs5the cells were harvested and cultured in 60 mm low
attachment Petri grade dishes (VWR) with IMDM
supplemented with 2 mM L-glutamine (Gibco/BRL), 200
mg/mL transferrin (Boehringer Mannheim), 0.5 mM
ascorbic acid (Sigma), 4 x 10 4 M MTG plus 15% FCS.
For reaggregation cultures to support the
differentiation of the hematopoietic and vascular
lineages, 3 x 105 FIk-I + cells/ml were cultured for 2
days in ultra-low attachment 24-well plates
(CorningCostar) with the same EB differentiation
medium plus 5% Protein-Free Hybridoma Medium-p
(PFHM-II, Invitrogen). Notch4 Inducible ES cells The
activated form of Notch4 cDNA (int-3) tagged with
hemagglutinin (HA) sequence is described by
Uyttendaele (1996) Development 122:2251-2259. The
tet-on inducible ES cell line, Ainvl , described by
Ting et al. (2005) Methods MoI. Med. 105:23-46, was
further modified by targeting the EGFP cDNA into
brachyury locus as described by Fehling et al., (2003)
Development 130:4217-4227. The Notch4 cDNA was
introduced into the Ainv 18 and the modified Ainv ES
cell lines by the approach described by Kyba et al.,
(2002) Cell 109:29-37. Briefly, the cDNA fragment of
the activated form of Notch4 tagged with HA was
inserted to the plox plasmid by convenient restriction
sites to generate plox-Notch4/HA. Ainv 18 and the
modified cell line were targeted with plox-Notch4/HA
by coelectroporation of 40 mg each of plox-Notch4/HA
and the Cre recombinase expression plasmid, pSalk-Cre.
Positive clones were screened in ES medium with 300
mg/ml G418 (GIBCO) and isolated to generate inducible
cell lines, Ainv-Notch4 and GFP-Bry/Ainv-Notch4. The
positive clones were confirmed by immunohistochemistry
detecting HA expression after induction. Flow Cytomery
Dissociated cells were incubated with biotinylated
mAbs (against FIk- 1, VE-cad, or CD41) in PBS
containing 10% FCS on ice for 30 min. The cells were
then washed once and incubated with
streptavidin-PE-Cy5 (BD Pharmingen) for another 30
minutes on ice. Following an additional two washes,
the cells were analyzed on a FACSCalibur flow
cytometer (Becton Dickinson) or sorted on a Moflo cell
sorter (Cytomation). For Troponin T or HA staining,
cells were fixed in 4% paraformaldehyde (PFA) for 30
minutes and then incubated in a permeabilizing buffer
consisting of PBS with 10% FCS and 0.1% saponin
(Sigma) for 10 minutes. Following fixing and
permeabilization, the cells were washed twice and
incubated with an anti-Troponin T (unconjugated mouse
antibody, Lab Vision) or anti-HA (conjugated with
biotin, Covance) antibody for 30 minutes. After two
washes, the cells were incubated with a secondary
APC-conjugated goat anti-mouse antibody (for Troponin
T antibody) or streptavidin-PE-Cy5 (for biotinylated
HA antibody) for 30minutes. Finally, the cells were
washed twice with permeabilizing buffer and then twice
with buffer without saponin. Colony assays The blast
and hematopoietic colony assays were performed as
described Kennedy et al., (2003) Methods Enzymol.
365:39-59. Dox was added at 0.5 mg/ml to induce Notch4
expression and g-secretase inhibitor X (L685,458,
Calbiochem) at 5 uM to block Notch signaling in the
blast colony culture. To generate mixed
hemangioblast/cardiac colonies, blast colony growth
was initiated in standard blast colony cultures
containing Dox for 24 hours. The developing colonies
were then washed from with methycellulose with IMDM
containing 10% FCS to remove Dox. The colonies were
recultured in blast colony methycellulose supplemented
with Erythropoietin (2 U/ml) and IL-3 (1% conditioned
medium). Mixed colonies containing an inner cardiac
core surrounded by outer hematopoietic cells were
picked for analysis at day 7. Cardiac Assay Sorted
cells were reaggregated for 24 hours in StemPro-34
serum-free medium (mvitrogen) containing 2 mM
L-glutamine (GIBCO/BRL), transferrin (200 mg/ml), 0.5
mM ascorbic acid and 4.5 x 10 4 M MTG at 3 x 105 cells
per ml in ultralow- attachment 24-well plates
(Costar). Single aggregates or pools of aggregates
were replated in gelatin-coated 96- or 24-well plates
containing StemPro with 2 mM Lglutamine for cardiac
culture. Following 2 to 4 days of culture the
proportion of aggregates containing contracting cells
was scored and the number of Troponin Tpositive cells
was evaluated by flow cytometric analyses. For the
aggregated and cardiac cultures, doxycycline (Dox) was
used at 0.5 mg/ml and g-secretase inhibitor X at 5 mM
(dissolved in DMSO). The same concentration of DMSO
was added to the control cultures. Medium was changed
everyday to provide fresh Dox and inhibitor. Gene
expression analysis Gene expression analyses of
colonies or small amount of mKNA was performed by
polyA+ global amplification polymerase chain reaction
(PCR) as described by Robertson et al., (2000)
Development 127:2447-2459. Amplified PCR products were
resolved on agarose gels and transferred to a
Zeta-probe GT membrane (Bio-Rad). Genes of interest
were then probed by 32P randomly primed cDNAfragments
(Ready-to-Go Labeling; Pharmacia) corresponding to the
3' regions of the genes. For gene-specific PCR, total
RNA was extracted from cells using theRNeasy mini-kit
(Qiagen). One microgram total RNA was used to generate
cDNAs by reverse transcription using the Omniscript RT
kit (Qiagen) with random hexamer and then the cDNAs
were subjected to PCR. Immunohistochemistry Cell
aggregates or colonies were plated on gelatin-coated
coverslips and cultured for 3 days in StemPro with 2
mM L-glutamine. Cells cultured on coverslips were
fixed in 4% paraformaldehyde for 30 minutes, washed
two times in PBS, permeabilized in 0.2%
TritonX-100/PBS for 10 minutes, and washed in 10%
FCS/1% Tween 20/PBS. Cells attached to the coverslips
were incubated for 1 hour with an antibody against the
cardiac Troponin T. After 3 washes, the cells on
coverslips were incubated with FITC-conjugated goat
anti-mouse antibody (Jackson ImmunoResearch) for 1
hour in the dark. Finally, the coverslips were washed
3 times and then inverted onto a drop of DAPI (Vector
Laboratories). Fluorescence was visualized using a
Leica DMRA2 fluorescence microscope (Wetzlar). Cell
culture on DU-I expressing stromal cells OP9-DL1 cells
described by Schmitt et al. (2004) Nat. Immunol.
5:410-417 were cultured in a 24-well plate and
irradiated before use. Day 3.25 EBderived FIk-I +
cells (3xl0 4 per well) were seeded onto OP9 cells in
the same medium used for the cardiac cultures.
g-Secretase inhibitor X (dissolved in DMSO) at 5 mM or
a corresponding volume of DMSO was included in the
cultures. Medium was changed everyday to supply fresh
inhibitor. After 3 days of culture, the cells were
harvested and subjected to flow cytometric analysis to
determine the number of Troponin Tpositive cells.
Embryo dissections and explant cultures Female swiss
webster mice (Taconic) were mated with male GFPBry+/
mice described by Huber et al., (2004) Nature
432:625-630. Pregnant mice were sacrificed 7.5 days
after mating and the embryos were isolated.
Dissections were performed under a Leica MZFLIII
fluorescence dissecting stereomicrosope to visualize
the GFP expression in the primitive streak (PS). Using
tungsten needles(Fine Science tools), the PS of
GFP-Bry+/ embryos were isolated and separated into
posterior and anterior regions. Individual anterior
and posterior PS pieces were plated in gelatin-coated
96-well dishes with medium for cardiac cultures.
g-Secretase inhibitor at 10 mM or a corresponding
volume of DMSO was included in the cultures. Medium
was changed everyday to provide fresh inhibitor. After
3-5 days, the explants were scored for the presence of
contracting foci and harvested for gene expression
analysis. Example 2 Notch expression in ES
cell-derived populations The expression of Notch4 was
evaluated in early mesoderm populations that arise
during embryoid body (EB) differentiation, focusing on
some of the earliest cells during the commitment to
cardiac, hematopoietic and vascular fates. Following
3.0-3.5 days of serum stimulation, ES cells with the
green fluorescent 



protein (GFP) cDNA targeted to the brachyury locus
(GFP-Bry) generate three distinct populations based on
FIk-I and GFP expression; GFP-BryTFlk-l , GFPBry+/
Flk-1 and GFP-Bry+/Flk-1 + (Figure IA). Functional
studies have shown that the GFP-Bry+/Flk-1+ population
at early stages of differentiation contains
hemangioblasts whereas the GFP-Bry+/Flk-1 " population
displays cardiac potential (Kouskoff et al., (2005)
Proc. Natl. Acad. Sci. 102:13170-13157). Expression
analysis revealed that Notch4 was expressed in both
the GFP-Bry+/Flk-1 and GFPBry+/ Flk-1+ populations,
isolated at days 3.0, 3.25 and 3.5 of differentiation.
The relative expression levels appear to shift between
these populations over this time frame, with higher
Notch4 levels being detected in the GFP-BryVFlk-l
cells at day 3.0 and in the GFP-Bry+/Flk-1+ cells at
day 3.5 (Figure IB). Expression ofjaggbd-1, a Notch
ligand, was detected in both populations, although the
levels appeared to be higher in the GFP-Bry+/Flk-1
population at the two later time points. Notchl, 2 and
3 were also expressed in both populations at these
times. When the GFP-Bry+/Flk-1+ population is plated
in methylcellulose cultures in the presence of VEGF
and IL-6, these cells generate blast colonies that
display both hematopoietic and vascular potential
(Fehling et al., (2003) Development 130:4217-4227).
The progenitor that gives rise to these colonies, the
blast colonyforming cell (BL-CFC), is considered to
represent the in vitro equivalent of the
hemangioblast. When analyzed early in their
development two morphologically distinct populations
can be detected in these colonies, an inner core
surrounded by an outer population (Figure 1C). These
populations were separated by pipetting and subjected
to expression analysis by PCR. The outer cells
expressed gata-1, but none of the endothelial genes,
indicating that they represent developing
hematopoietic cells. The core samples expressed the
endothelial genes as well as low levels of gata-1,
suggesting that they consist of a mixture of
hematopoietic and endothelial cells. Notch4 expression
was restricted to the core populations. Li addition to
the blast colonies, the expression of Notch4 was also
analyzed in three ES cell-derived cell lines,
representing the endothelial, hematopoietic and
vascular smooth muscle lineages (Figure ID). Notch4
was only detected in the endothelial cell line,
confirming its endothelial-restricted pattern. Taken
together, these observations indicate that Notch.4 as
well as the other Notch genes are expressed broadly in
mesodermal populations at early stages of ES cell
differentiation. Expression of Notch4 becomes
restricted to the endothelial lineage following
hemangioblast specification. Example 3 Forced
expression of constitutively activated Notch4 in the
hemangioblastcontaining FIk-I+ population inhibits
hematopoietic differentiation To determine if Notch4
plays a role during hematopoietic and vascular
commitment, an inducible ES cell line that expresses
an active form of Notch4 was generated. A cDNA
encoding the intracellular domain of Notch4
(Notch4-IC), was engineered into the Ainvl8 ES cells.
This form of the receptor contains the anchored domain
that requires cleavage by the ubiquitous enzyme
g-secretase for activation. With the Ainv ES cell
system, expression of the gene of interest is induced
by tetracycline or its analog, doxycycline (Dox). A
hemagglutinin epitope (HA) sequence was inserted at
the carboxyl terminus of the Notch4 cDNA to enable
detection of the expressed protein. The Ainv-Notch4 ES
cell line displayed identical differentiation kinetics
to the parental Ainvl 8 line with respect to
expression patterns of markers indicative of
endothelial (FIk-I, VE-cad) and hematopoietic (CD41)
development.One day following Dox (0.5 mg/ml)
induction, 90% of Ainv-Notch.4 ES cells expressed
Notch4 as determined by flow cytometric analysis for
HA expression (Figure 2A). To investigate the effects
of Notch4 signaling on the specification of the
hematopoietic and endothelial lineages, this pathway
was induced in a population of EB-derived cells
undergoing hemangioblast development. The
hemangioblast stage of differentiation, as defined by
the presence of the BL-CFC, is found in the FIk-I +
population between days 2.75 and 4.0 of EB development
for most ES cell lines. FIk-I + cells isolated from
day 3.25 EBs by fluorescent activated cell sorting
(FACS) were cultured at high cell density in
serum-containing differentiation medium for 2 days to
form aggregates that support the differentiation of
the BL-CFC to the hematopoietic and vascular lineages.
In the absence of Dox, the FIk-I + population
generated a large CD41+ hematopoietic population
(Figure 2B) and large numbers of hematopoietic
progenitors (Figure 2C) during the 2-day reaggregation
step. Addition of Dox dramatically reduced the size of
the CD41+ population and the hematopoietic progenitor
content of the aggregates, indicating thatNotch4
inhibited hematopoietic development from this FIk-I
population. Induction of Notch4 resulted in a small
increase in the proportion of VE-cad+ endothelial
cells in the aggregates (Figure 2B). Gene expression
profiles confirmed the inhibitory effects of Notch4
overexpression on hematopoietic development.
Aggregates from the induced cultures expressed
considerably lower levels of the hematopoietic
specific gene gata-1 compared to the aggregates from
non-induced cultures (Figures 2D). In contrast,
expression of genes indicative of endothelial and
vascular smooth muscle development including, flk-1,
ve-cad, SM22 and pdgfbr, were up-regulated in the
Notch4-induced aggregates (Figure 2D). Induction of
Notch4 also led to the expression of Nkx2. 5, a gene
normally expressed during the early stages of cardiac
specification . This example demonstrates that Notch4
over-expression in FIkI+ cells from day 3 EBs inhibits
hematopoietic differentiation.Example 4 Notch4
over-expression redirects the fate of non-cardiogenic
FIk-I+ cells to cardiomyocytes To investigate the
potential of Notch4 to initiate a cardiogenic program
in this early stage of hemangioblast population, FIk-I
+ cells isolated from day 3.25 Ainv-Notch4 EBs were
reaggregated for 24 hours in the presence or absence
of Dox as described above. The resulting aggregates
were then cultured in gelatin-coated microliter wells
containing serum-free media (hereafter referred to as
cardiac cultures). These conditions efficiently
support cardiomyocyte development from cardiogenic
mesoderm (Kouskoff et al. (2005) Proc. Natl. Acad.
Sci. 102: 13170- 13175). Both single aggregates and
pools of aggregates were cultured for 2-3 days.
Following this maturation step, the cultures of single
aggregates were scored for the presence of contracting
cells indicative of cardiomyocyte differentiation.
None of the aggregates generated in the absence of Dox
(-Dox/-Dox) contained contracting cells (Figure 3A).
Rather, these aggregates underwent hematopoietic
differentiation as indicated by the development of
hemoglobinized erythroid cells, an observation
consistent with the hemangioblast potential of this
population. In contrast, all aggregates from the
population induced for 24 hours contained contracting
cells (+Dox/-Dox, Figure 3A). hnmunostaining of the
contracting cells from individual aggregates
demonstrated the presence of the cardiac form of
Troponin T (cTnT) further confirming the cardiomyocyte
nature of these cells. (Figure 3B, right panel). Few
cTnT cells were detected among the adhesive cells
generated from non-induced aggregates (Figure 3B, left
panel). Cultures of the pooled induced aggregates
generated extensive areas of contracting cells.
Contracting cells were not detected in the cultures of
the non-induced aggregates. Flow cytometric analysis
of the differentiated progeny from pooled induced
aggregates confirmed the dramatic cardiogenic effect
of Notch4 as greater than 60% of the entire cell
population expressed cTnT after 2 days in the cardiac
cultures (+Dox/-Dox, Figure 3C). Less than 1% of the
cells generated from the non-induced population
expressed cTnT (- Dox/-Dox, Figure 3C). Consistent
with the cTnT expression and the presence of
contracting cells, the induced populations expressed
cardiac specific genes includingnloc2.5, cardiac mhc,
a-actin, mlc2a and mlc2v (Figure 3D). The generation
of contracting cells and expression of cardiac genes
in the aggregate-derived populations could be
inhibited by blocking Notch4 signalling with
g-secretase inhibitor during the reaggregation step
(+Dox+inhibitor/-Dox, Figure 3A, 3C and 3D). This
reversal of fate by the inhibitor is a clear
demonstration that the observed induction of the
cardiac lineage is dependent on Notch signalling. If
Dox was maintained during the plating of the
aggregates in the cardiac cultures, no contracting
aggregates were observed, the cTnT-positive 



population was significantly reduced in size and the
expression of the cardiac genes down regulated
(+Dox/+Dox, Figure 3 A, 3C and 3D). To determine if
cardiac potential was maintained in these cultures,
Dox was removed following 2 days of exposure in the
cardiac cultures and the cells were grown for an
additional 2 days in the absence of Dox. As shown in
Figure 3E, a large population of cTnT-expressing cells
developed in these cultures within 2 days of Dox
removal (Dox+/Dox+/Dox-, Figure 3E). Populations of
contracting cells were readily detected in these
cultures. These observations indicate that prolonged
expression of Notch4 inhibited maturation of the
cardiac lineage. Maturation did progress following the
removal of Dox, indicating that cardiac potential did
persist in the population. This example demonstrates
that activation of Notch4 signalling is able to
redirect the fate of the early non-cardiogenic FIk-I +
cells to cardiomyocytes at the expense of
hematopoietic progenitor cells and that the duration
of the Notch4 induction affects the cardiac fate
determination. Example 5 The cardiogenic effect of
Notch4 is restricted to the FIk-I+ cells from early
stage EBs BL-CFCs are found in the FIk-I + population
between days 2.75 and 4 of EB differentiation. Beyond
this stage, this population consists of restricted
hematopoietic and vascular progenitors. To determine
if the cardiogenic effect of Notch4 was restricted to
the hemangioblast stage or if it could be observed in
later stage FIk-I populations, FIk-I + cells were
isolated from day 3, 4 and 5 EBs, reaggregated in the
presence or absence of Dox and then evaluated for
cardiac potential. All aggregates from the day 3 FIk-I
+ cells contained contracting cells(Figure 4A). In
contrast, only 25% of aggregates from the day 4 FIk-I
+ cells and none from the day 5 population displayed
this activity. Analysis of nls.2. 5 expression
immediately following the aggregation step
demonstrated the presence of the transcripts in the
aggregates from the day 3 and 4 FIk-I + cells but not
in those from the day 5 FIk-I + cells (Figure 4B), an
observation consistent with the distribution of
contracting cells. The findings from this kinetic
analysis demonstrate that the effects of Notch4 are
stage specific and indicate that the population that
can undergo fate change is transient and restricted to
the hemangioblast stage FIk-I + cells. Example 6
Notch4 induction switches the potential of the BL-CFC
from a hematopoietic to a cardiac fate. To determine
if the BL-CFC is the target of the Notch4-induced fate
change, day 3.25 FIk-I + cells were cultured in the
BL-CFC assay in the presence or absence of Dox. hi the
absence of Dox, this population generated typical
blast colonies that appeared as grape-like clusters of
cells. When cultured in the presence of Dox, these
cells formed compact colonies of tightly packed cells
that were easy to distinguish from the blast colonies
(Figure 5A). The number of these compact colonies was
similar to the number of blast cell colonies that
developed in the noninduced cultures (Figure 5B).
Addition of g-secretase inhibitor together with Dox
resulted in a reversal back to blast colonies,
indicating that the development of the compact
colonies was mediated by Notch signalling. Molecular
analysis revealed that most of the compact colonies
expressed the cardiac genes nkx2.5, cardiac a-actin
and mlc-2a, the endothelial genesflk-1 and ve-cad and
the vascular smooth muscle gene sm22 (Figure 5C, left
panel). None of these colonies expressed gata-1. As
shown previously, blast colonies expressed the
endothelial genes as well as gata-1. They did not
express appreciable levels of the cardiac genes
(Figure 5C, right panel). With extended time in the
methylcellulose cultures, some of the compact colonies
generated contracting cells. To quantify the
proportion of colonies that generated contracting
cells, individual colonies were picked at day 7 of
culture and replated in microtiter wells in the
cardiac cultures. Approximately 70% of the compact
colonies generated contracting cells between 2 and 7
days of culture. The contracting cellsexpressed cTnT,
confirming that they were cardiomyocytes (Figure 5D).
Blast colonies did not give rise to contracting cells
when grown in the cardiac cultures. The expression
profile and developmental potential of the compact
colonies suggests that they represent colonies of
vascular and cardiac cells. The appearance of the
compact colonies in place of the blast cell colonies
following Dox induction could be due to the fact that
expression of Notch4 induced the growth of a novel
progenitor while inhibiting the development of the
BLCFC. Alternatively, expression of Notch4 in the
BL-CFC may redirect its fate from the hematopoietic to
the cardiac lineage. The observation that comparable
numbers of blast and compact colonies developed is
consistent with the latter interpretation. To further
investigate the origin of the compact colonies, the
exposure of the BL-CFC to Dox was limited to 24 hours.
At this stage, the developing colonies were removed
from the Dox-containing methylcellulose and replated
in hemangioblast methylcellulose supplemented with Epo
and IL-3 to promote the expansion of any hematopoietic
cells. If Notch4 was acting on the BL-CFC, a
restricted induction period might initiate cardiac
development without completely inhibiting
hematopoiesis, resulting in the development of mixed
hematopoietic/cardiac colonies. Following 5 days of
culture, colonies containing an inner core of cells
surrounded by hematopoietic cells could be observed
(Figure 5E). Some of the cores began contracting after
7 days of the methylcellulose cultures. When picked
and replated into the cardiac cultures in microtiter
wells, 45% of these mixed colonies generated
contracting cells. Molecular analysis of these
colonies confirmed the presence of the hematopoietic
(gata-1), endothelial iflk-1, ve-cad) and cardiac
(cardiac a-actin, mlc- 2a) lineages (Figure 5F).
Together, these Findings indicate that expression of
Notch 4 redirects the fate of the BL-CFC from a
progenitor with hematopoietic and vascular potential
to one with cardiac and vascular potential. Example 7
Notch ligand induces cardiac development from FIk-I+
cells. The foregoing examples demonstrate that
expression of an activated form of Notch4 can induce
cardiac development from hemangioblast mesoderm. To
determine if the effect could also be demonstrated by
signalling through endogenousNotch receptors, FIk-I +
cells from Bry-GFP ES cells were seeded onto OP9 cells
that express the Notch ligand Delta-like-1 . Following
3 days of culture, areas of contracting cells were
detected on the OP9 stromal cells, with approximately
24% of the cells expressing cTnT (Figure 6A). As with
the constitutively activated Notch receptor,
cardiomyocyte development on the OP9-DL1 cells was
inhibited in the presence of g-secretase inhibitor,
indicating that the effect was specific to Notch
signalling (Figure 6B). Example 8 Blocking Notch
signalling inhibits cardiac differentiation from the
GFPBry +/Flk-1 ~population Cardiac potential has been
mapped to the FIk-I fraction of brachyuryexpressing
mesoderm (GFP-Bry+/Flk-r) at early stages of EB
development (Kouskoff et al., supra) . To investigate
the role of Notch4 during cardiac differentiation of
this mesoderm, the GFP cDNA was targeted to the
brachyury locus of Ainv cells to enable the
overexpression of Notch4 in the GFP-Bry+/Flk-1 '
population. The GFP-Bry+/Flkr fraction was isolated
from day 3.25 EBs derived from the GFP-Bry/Ainv-Notch4
ES cells, reaggregated for 1 day and the resultant
aggregates plated in cardiac cultures. g-Secretase
inhibitor or Dox was added to the cells either during
the reaggregation step or to the cardiac cultures to
further define the stage specific effects of Notch4.
Three days following differentiation of the aggregates
in the cardiac cultures, the proportion of
cTnT-positive cells and the expression of cardiac
genes were analyzed (Figure 7). Blocking Notch
signaling by adding g-secretase inhibitor during the
aggregation stage (+i/-I) suppressed the development
of cTnT-positive contracting cells and reduced the
expression levels of the cardiac genes (Figure 7A and
7B), indicating that Notch signaling is critical for
cardiomyocyte development from this population. If the
inhibitor was added to the cardiac cultures rather
than to the aggregates (-V+T), the proportion of
cTnT-expressing population was modestly increased
compared to the control (-/-) (Figure 7A and 7B). As
expected, this population expressed the spectrum of
cardiac genes. Induction of Notch4 during the 



reaggregation stage (+Dox/-Dox) enhanced cardiomyocyte
development over that observed in the control cultures
(Figure 7C). In contrast, induction in the cardiac
cultures (-DoxAHDox) inhibited cardiomycyte
development as demonstrated by thedecrease in cTnT
positive cells and the lower expression of the cardiac
genes compared with the control culture (-DoxZ-Dox)
(Figure 7C and 7D). This example demonstrates that
Notch signaling is essential for the initial stages of
cardiomyocyte specification from the ES cell-derived
GFP-Bry+/Flk-1 " population. However, as observed with
the FIk-1+ population (Figure 3C), Notch4 expression
in the cardiac culture step is inhibitory to the
maturation of the cardiac lineage. Example 9 Blocking
Notch signaling inhibits cardiac differentiation from
the primitive streak of the embryo Lineage tracing
studies of mouse embryos indicate that the progenitors
leading to the cardiac mesoderm of the heart field
derive predominantly from the region adjacent to the
border of the distal and posterior primitive streaks
at embryonic day 7.0-7.5 (E7.0-7.5) (Kinder et al.,
(1999) Development 126:4691-4701. Analysis of the
distal PS (DPS) and posterior PS (PPS) from E7.5
embryos (Figure 8A) revealed overlapping but distinct
expression patterns of the four Notch receptors and
the ligand jagged- 1 (Figure 8B). Jagged-1 and Notchl
were expressed in the both regions of the PS.
Expression of NotcJi2 and Notch3 appeared to be higher
in the PPS, while Notch4 levels were higher in the
DPS. NI c2.5 was not detected in the PS at this stage
of development. When isolated PPS are plated in the
cardiac cultures contracting cardiomyocytes can be
detected within 3 to 5 days. To investigate whether
Notch signalling is required for the development of
the cardiomyocyte lineage from embryoderived tissues,
PPSs were cultured in the presence or absence of
g-secretase inhibitor and then analyzed for the
development of contracting cells and for the
expression of cardiac genes hi the absence of
g-secretase inhibitor greater than 80% of the PS
explants generated contracting cells. Less than 10% of
those cultured with the inhibitor gave rise to these
cells (Figure 8C). Molecular analysis revealed that
the contracting cells generated from each PS in the
absence of g-secretase inhibitor expressed cardiac
markers, including cardiac a-actin, mlc-2a and mlc-2v
(Figure 8D). In the presence of inhibitor, expression
of cardiac genes was inhibited in some but not all of
the explants. The lack of reduction of expression in
all cultures may be due tothe fact that intact pieces
of tissue, rather than single cells were assayed
making it difficult for the inhibitor to access all
cells. The findings from the embryo studies are
consistent with those from the ES cell differentiation
cultures and indicate that Notch signaling is required
for development of the cardiac lineage.Claims: 1. A
method of inducing differentiation of cardiac cells
from embryonic stem (ES) cells comprising culturing ES
cells under conditions sufficient for formation of
embryoid bodies (EBs), culturing the EBs under
conditions sufficient for differentiation to
hemangioblast/pre-erythroid cells, and isolating and
reaggregating the hemangioblast/pre-erythroid cells in
the presence of activated Notch to provide cardiac
progenitor cells. 2. The method of Claim 1 further
comprising culturing said cardiac progenitor cells in
the absence of Notch and under conditions sufficient
for differentiation to cardiomyocytes. 3. The method
of Claim 1wherein activated Notch is provided by
adding a Notch ligand. 4. The method of Claim 3
wherein the Notch ligand is selected from the group
consisting of Delta-like-1, Delta-like-2,
Delta-like-3, Jaggedl and Jagged2. 5. The method of
Claim 1 wherein the ES cells contain a nucleic acid
encoding Notch operably linked to a regulatory element
that controls inducible expression. 6. The method of
Claim 5 wherein the nucleic acid encodes the
intracellular domain of Notch. 7. The method of Claim
1wherein Notch is Notchl , Notch2, Notch3 or Notch4.
8. The method of Claim 1 wherein Notch is Notch4. 9.
The method of Claim 1 wherein Notch is the
intracellular domain of Notch4. 10. The method of
Claim 1 wherein activated Notch is provided by
inducing the expression of a nucleic acid encoding
Notch in the hemangioblast/preerythroid cells. 11. The
method of Claim 1 wherein the ES cells are mouse ES
cells or primate ES cells. 12. The method of Claim 1
wherein the ES cells are human ES cells. 13. The
method of Claim 1wherein the ES cells are Notch4-ES
cells. 14. The method of Claim 2 further comprising
culturing the cardiomyocytes in the absence of
Notch.15. The method of Claim 1 wherein the EBs are
cultured in serum for about 2.5 to 4.5 days. 16. The
method of Claim 1 wherein the EBs are cultured in
serum for about 3 days. 17. The method of Claim 1
wherein the reaggregated hemangioblast/pre-erythroid
cells are cultured in the presence of activated Notch
for about 12-48 hours. 18. The method of Claim 1
wherein the reaggregated hemangioblast/pre-erythroid
cells are cultured in the presence of Notch for about
24 hours. 19. The method of Claim 1 wherein the
reaggregated hemangioblast/pre-erythroid cells are
cultured in serum-free conditions. 20. A method of
inducing differentiation of cardiac cells from
embryonic stem (ES) cells comprising culturing ES
cells under conditions sufficient to form embryoid
bodies (EBs), wherein the ES cells contain a nucleic
acid encoding the active intracellular domain of
Notch4 operably linked to a regulatory element that
controls inducible expression by an inducer; culturing
the EBs in serum for about 3 days; isolating FIk-I+
cells; reaggregating the FIk-I + cells in the presence
of the inducer for about 24 hours to provide cardiac
progenitor cells; and culturing said cardiac
progenitor cells in the absence of the inducer in
serum free medium to provide cardiomyocytes. 2 1. A
cell population produced by the method of Claim 2
comprising at least about 10% cardiomyocytes. 22. A
cell population of Claim 2 1 comprising at least about
50% cardiomyocytes. 23. A cell population of Claim 2 1
comprising at least about 60% cardiomyocytes. 24. A
method of screening for an agent that has an effect on
cardiomyocytes comprising contacting cardiomyocytes
produced by the method of Claim 2 with a candidate
agent and assaying for an effect on the
cardiomyocytes, wherein the presence of an effect is
indicative of the identification of an agent that has
an effect on cardiomyocytes. 25. A method of
cardiomyocyte replacement therapy comprising
administering to a subject in need of such treatment a
composition comprising cardiomyocytes produced by the
method of Claim 2.26. The method of Claim 25 wherein
the composition is administered by injection or
implantation. 27. A method of inhibiting the
differentiation of cardiac cells from embryonic stem
(ES) cells comprising culturing ES cells under
conditions sufficient for formation of erythroid
bodies (EBs)3 culturing the EBs under conditions
sufficient for differentiation to BryVFlk-l cells,
isolating Bry+/Flk-1 cells and reaggregating the
Bry+/Flk-1 cells in the presence of an inhibitor of
Notch. 28. The method of Claim 27 wherein the
inhibitor of Notch is g -secretase inhibitor X. 


