
DIAZACARBAZOLES AND METHODS OF USE [0001] This
application claims the benefit of U.S. Provisional
Application No. 61/060,746, filed June 11, 2008 and
U.S. Provisional Application No. 61/148,001, filed
January 28, 2009, the disclosure of both are
incorporated herein by reference in their entirety.
[0002] The invention relates to 1,7-diazacarbazole
compounds which are useful as kinase inhibitors, more
specifically useful as checkpoint kinase 1 (chk1)
inhibitors, thus useful as cancer therapeutics. The
invention also relates to compositions, more
specifically pharmaceutical compositions comprising
these compounds and methods of using the same to treat
various forms of cancer and hyperproliferative
disorders, as well as methods of using the compounds
for in vitro, in situ, and in vivo diagnosis or
treatment of mammalian cells, or associated
pathological conditions. [0003] Individual cells
replicate by making an exact copy of their
chromosomes, and then segregating these into separate
cells. This cycle of DNA replication, chromosome
separation and division is regulated by mechanisms
within the cell that maintain the order of the steps
and ensure that each step is precisely carried out.
Involved in these processes are the cell cycle
checkpoints (Hartwell et al., Science, Nov. 3, 1989,
246(4930): 629-34) where cells may arrest to ensure
DNA repair mechanisms have time to operate prior to
continuing through the cycle into mitosis. There are
two such checkpoints in the cell cycle - the Gl/S
checkpoint that is regulated by p53 and the G2/M
checkpoint that is monitored by the serine/threonine
kinase checkpoint kinase 1 (chk1). [0004] Chk1 and
chk2 are structurally unrelated yet functionally
overlapping serine/threonine kinases activated in
response to genotoxic stimuli (reviewed in Bartek et
al., Nat. Rev. MoI. Cell Biol. 2001, vol. 2, pp.
877-886). Chk1 and chk2 relay the checkpoint signals
from the ATM and ATR, which phosphorylate and activate
them. Chk2 is a stable protein expressed throughout
the cell cycle, activated mainly by ATM in response to
double-strand DNA breaks (DSBs). In contrast, Chk1
protein expression is largely restricted to S and G2
phases. In response to DNA damage, ChK1 is
phosphorylated and activated by ATM/ATR, resulting in
cell cycle arrest in the S and G2/M phases to allow
for repair of DNA damage (reviewed in Cancer Cell,
Bartek and Lukas, Volume 3, Issue 5, May 2003, Pages
421-429. Inhibition of Chk1 has been shown to abrogate
cell cycle arrest leading to enhanced tumor cell death
following DNAdamage by a range of chemotherapeutics.
Cells lacking intact Gl checkpoints are particularly
dependent on S and G2/M checkpoints and are therefore
expected to be more sensitive to chemotherapeutic
treatment in the presence of a chk1 inhibitor, whereas
normal cells with functional Gl checkpoints would be
predicted to undergo less cell death. 



[0005] The invention relates to 1,7-diazacarbazoles of
Formula (I), (I-a), and/or (I-b) (and/or solvates,
hydrates and/or salts thereof) with kinase inhibitory
activity, more specifically with chk1 inhibitory
activity. The compounds of the present invention are
also useful as inhibitors of Glycogen Synthase
Kinase-3 (GSK-3), KDR kinase, and FMS-like tyrosine
kinase 3 (FLT3). Accordingly, the compounds of the
invention and compositions thereof are useful in the
treatment of hyperproliferative disorders such as
cancer. X is CR2 orN; Y is CR4 orN; Z is CR or N;
provided that no more than one of X , Y and Z is N at
the same time; R2 is H, halo, CN, CF3, -OCF 3, OH, -NO
2 C1-C5 alkyl, -0(C 1-C5 alkyl), -S(C1-C5 alkyl), or
N(R 22)2; R3 is H, halo, CN, -O-R 9, -N(R 22)-R9,
-S(O) P-R9, or R9; p is O, 1 or 2; R4 is H, halo, CN,
CF3, -OCF 3, OH, -NO 2,-(CR 14R15)nC(=Y')OR 1 1, -(CR
14R15)nC(=Y')NR n R12, -(CR 14R15)nNR1 1R12 , -(CR
14R15)nOR1 1, -(CR 14R15)nS(O)pR1 1, -(CR
14R15)nNR12C(=Y')R 1 1, -(CR 14R15)nNR12C(=Y')OR 1 1,
-(CR 14R15)nNR12C(=Y')NR 1 1R12 , -(CR 14R15)nNR12SO2R
1 1, -(CR 14R15)nOC(=Y')R 1 1, -(CR 14R 15)n0C(=Y')NR
11R12 , -(CR 14R )nS(O)2NR11R12, alkyl, alkenyl,
alkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl
wherein said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted with one to four R13 groups; each n is
independently 0-5;R5 is H, halo, CN, CF3, -OCF 3, OH,
-NO 2, -(CR 14R15)nC(=Y')OR 1 1, -(CR 14R15)nC(=Y')NR
1 1R12 , -(CR 14R15)nNR12C(=Y')R 1 1, -(CR 14R15)nNR1
1R 12 , -(CR 14R15)nOR1 1, -(CR 14R15)nS(O)pR1 1, -(CR
14R15)nNR 12C(=Y')OR 1 1, -(CR 14R15)nNR12C(=Y')NR 1
1R 12, -(CR 14R15)nNR12SO2R1 1, -(CR 14R15)nOC(=Y')R 1
1, -(CR 14R15)n0C(=Y')NR 11R12, -(CR 14R15)nS(O)2NRn
R12 , alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl wherein the said alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one to four
R13 groups; R6 is H, CN, -CF 3, -OCF 3, halo,
-C(=Y')OR 1 1, -C(=Y')NR 11R 12 , -OR 1 1, -0C(=Y')R 1
1, -NR 1 1R12 , -NR 12C(=Y')R 1 1, -NR 12C(=Y')NR
UR12, -NR 12S(O)qR1 1, -SR 1 1, -S(O)R 1 , -S(O) 2R 1
1, -0C(=Y')NR 1 1R12 , -S(O) 2NR 1 1R12 , alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclyl, aryl, or
heteroaryl wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substituted by one to four R13 groups; R7
is H, OH, CN, 0(C 1-C3 alkyl), or C1-C4 alkyl, wherein
each said alkyl is optionally 



substituted with one to three groups independently
selected from halo, N(R 22)2 or OR22; R8 is H, halo,
CN, NO2, N(R 22)2, OH, 0(Cj-C 3 alkyl), or C1-C3
alkyl, wherein each said alkyl is optionally
substituted with one to three fluoro groups; each R9
is independently alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, wherein each member of
R9 is independently substituted with one to three R10
groups; each R 10 is independently H, CN, -CF 3, -OCF
3, -NO2, halo, R 1 1, -OR 1 1, -NR 12C(=Y')R 1 1, -NR
12C(=NR12)R 1 1, -NR 12 S(0) qR1 1, -SR 1 1, -NR 1
1R12, oxo, -C(=Y')OR 1 1, -C(=Y')NR 1 1R12 , -S(O) qR
1 1, -NR 12C(=Y')OR U, -NR 12C(=Y')NR n R12 ,
-OC(=Y')R 1 1, -OC(=Y')NR PR 12 , or -S(O) 2NR1 1R 12;
each q independently is 1 or 2 ; R1 1 and R 12 are
independently H, alkyl, cycloalkyl, heterocyclyl, aryl
or heteroaryl, wherein said alkyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted with one to four R13 groups, wherein two
geminal R13 groups are optionally taken together with
the atom to which they are attached to form a 3-6
membered ring having additional 0-2 heteroatoms
selected from O, S, and N, said ring being optionally
substituted with one to four R18 groups;R1 1 and R12
are optionally taken together with the attached N atom
to form a 4-7 membered ring having additional 0-2
heteroatoms selected from O, S, and N, said ring being
optionally substituted with one to four R13 groups;
each R 13 is independently halo, CN, CF3, -OCF 3, -NO
2, oxo, -(CR 14R15)nC(=Y')R 16, -(CR 14R15)nC(=Y')OR
16 , -(CR 14R15)nC(=Y')NR 16R17 , - ( CR14R15)nNR
16R17, -(CR 14R15)nOR16 , -(CR 14R15)nSR16 , -(CR
14R15)nNR16C(=Y')R 17, -(CR 14R15)nNR16C(=Y')OR 17,
-(CR 14R15)nNR17C(=Y')NR 16R17, -(CR 14R15)nNR17SO2R16
, -(CR 14R15)nOC(=Y')R 16 , -(CR 14R15)nOC(=Y')NR
16R17, -(CR 14R15)nS(O)R 16, -(CR 14R15)nS(O)2R16,
-(CR 14R15)nS(O)2NR16R17, or R 16 ; R 14 and R15 are
independently selected from H, alkyl, cycloalkyl,
heterocyclyl, aryl or heteroaryl, wherein said alkyl,
cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substituted with one to four R18 groups; R
16 and R 17 are independently H, alkyl, cycloalkyl,
heterocyclyl, aryl or heteroaryl, wherein said alkyl,
cycloalkyl, heterocyclyl, aryl and heteroaryl are
optionally substituted with one to four R18 groups; R
16 and R 17 are optionally taken together with the
attached N atom to form a 5-6 membered ring having
additional 0-2 heteroatoms selected from O, S, and N,
said ring being optionally substituted with one to
four R18 groups; each R 18 is independently H, alkyl,
cycloalkyl, heterocyclyl, aryl, heteroaryl, halo, CN,
CF , 



-OCF 3, -NO 2, oxo, -(CR 19R20)nC(=Y')R 23, -(CR
19R20)n C(=Y')OR 23, -(CR 19R20)nC(=Y')NR 23R24, -(CR
19R20)nNR23R24, -(CR 19R20)nOR23, -(CR 19R20)p-SR 23,
-(CR 19R20)nNR24C(=Y')R 23, -(CR 19R20)nNR24C(=Y')OR
23, -(CR 19R20)nNR22C(=Y')NR 23R24, -(CR
19R20)nNR24SO2R23, -(CR 19R20)nOC(=Y')R 23, -(CR
19R20)p OC(=Y')NR 23R24, -(CR 19R20)nS(O)R23, -(CR
19R20)nS(O)2R23, or -(CR 19R20)nS(O)2NR23R24, wherein
said alkyl, cycloalkyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with one to four
R2 1 groups; R 19 and R20 are independently H, alkyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl, wherein
said alkyl, cycloalkyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one to four
R25 groups;R23 and R24 are independently H, alkyl,
cycloalkyl, heterocyclyl, aryl or heteroaryl, wherein
said alkyl, cycloalkyl, heterocyclyl, aryl and
heteroaryl are optionally substituted with one to four
R2 1 groups; R23 and R24 are optionally taken together
with the attached N atom to form a 5-6 membered ring
having additional 0-2 heteroatoms selected from O, S,
and N, said ring being optionally substituted with one
to four R2 1 groups; each R2 1 is independently H,
alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl,
halo, CN, CF3, -OCF 3, -NO 2, oxo, -C(=Y')R 25,
-C(=Y')OR 25, -C(=Y')NR 25R26, -NR 25R26, -OR 25, -SR
25, -NR 26C(=Y')R 25, -NR 26C(=Y')OR 25, -NR
22C(=Y')NR 25R26, -NR 26SO2R25, -OC(=Y')R 25,
-OC(=Y')NR 25R26, -S(O)R 25, -S(O) 2R25, or -S(O)
2NR25R26, wherein said alkyl, cycloalkyl,
heterocyclyl, aryl, and heteroaryl are optionally
substituted with one to four R25 groups; each R25 and
R26 is independently H, alkyl, cycloalkyl,
heterocyclyl, aryl, or heteroaryl, wherein said alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl is
optionally substituted with one to four groups
selected from halo, -CN, -OCF 3, -CF 3, -NO 2, -C-C 6
alkyl, -OH, oxo, -SH, -0(C 1-C6 alkyl), -S(C 1-C6
alkyl), -NH 2, -NH(C 1-C6 alkyl), -N(C 1-C6 alkyl) 2,
-SO 2(C1-C6 alkyl), -CO 2H, -CO 2(C1-C6 alkyl),
-C(O)NH 2, -C(O)NH(C 1-C6 alkyl), -C(O)N(C 1-C6 alkyl)
2, -N(C 1-C6 alkyl)C(O)(C 1-C6 alkyl), -NHC(O)(C-C 6
alkyl), -NHSO 2(C-C 6 alkyl), -N(C-C 6 alkyl)SO 2(C-C
6 alkyl), -SO 2NH2, -SO 2NH(C-C 6 alkyl), -SO 2N(C-C 6
alkyl)2, -OC(O)NH 2, -OC(O)NH(C-C 6 alkyl),
-OC(O)N(C-C 6 alkyl) 2, -NHC(O)NH(C 1-C6 alkyl),
-NHC(O)N(C-C 6 alkyl) 2, -N(C-C 6 alkyl)C(O)NH(C-C 6
alkyl), -N(C 1-C6 alkyl)C(O)N(C-C 6 alkyl) 2,
-NHC(O)NH(C-C 6 alkyl), -NHC(O)N(C 1-C6 alkyl)2,
-NHC(O)O(C 1-C6 alkyl), and -N(C-C 6 alkyl)C(O)O(C-C 6
alkyl); R25 and R26 are optionally taken together with
the attached N atom to form a 5-6 membered ring having
additional 0-2 heteroatoms selected from O, S, and N,
said ring being optionally 



substituted with one to four groups selected from
halo, -CN, -OCF3, CF3, -NO 2, - C1-C6 alkyl, -OH, oxo,
-SH, -0(C-C 6 alkyl), -S(C-C 6 alkyl), -NH 2, -NH(C-C
6 alkyl), -N(CC 6 alkyl) 2, -SO 2(C-C 6 alkyl), -CO
2H, -CO 2(C-C 6 alkyl), -C(O)NH 2, -C(O)NH(C-C 6
alkyl), -C(O)N(C-C 6 alkyl) 2, -N(C-C 6 alkyl)C(O)(C-C
6 alkyl), -NHC(O)(C 1-C6 alkyl), -NHSO 2(C1-C6 alkyl),
-N(C-C 6 alkyl)SO 2(C,-C 6 alkyl), -SO 2NH2, -SO
2NH(C-C 6 alkyl), -SO 2N(C 1-C6 alkyl) 2, -OC(O)NH 2,
-OC(O)NH(C-C 6 alkyl), -OC(O)N(C 1-C6
alkyl)2,-NHC(O)NH(C 1-C6 alkyl), -NHC(O)N(C 1-C6
alkyl) 2, -N(C 1-C6 alkyl)C(O)NH(C 1-C6 alkyl), -N(C
1-C6 alkyl)C(O)N(C 1-C6 alkyl) 2, -NHC(O)NH(C 1-C6
alkyl), -NHC(O)N(C 1-C6 alkyl) 2, -NHC(O)O(C 1-C6
alkyl), and -N(C 1-C6 alkyl)C(O)O(C 1-C6 alkyl); Y '
is independently O, NR22, or S; and each R22 is
independently H or C1-C5 alkyl. [0006] The present
invention includes a composition (e.g., a
pharmaceutical composition) comprising a compound of
Formula (I), (I-a), and/or (I-b) (and/or solvates,
hydrates and/or salts thereof) and a carrier (a
pharmaceutically acceptable carrier). The present
invention also includes a composition (e.g., a
pharmaceutical composition) comprising a compound of
Formula (I), (I-a), and/or (I-b) (and/or solvates,
hydrates and/or salts thereof) and a carrier (a
pharmaceutically acceptable carrier), further
comprising a second chemotherapeutic agent. The
present compositions are therefore useful for
inhibiting abnormal cell growth or treating a
hyperproliferative disorder in a mammal (e.g., human),
such as cancer. [0007] The present invention includes
a method of inhibiting abnormal cell growth or
treating a hyperproliferative disorder in a mammal
(e.g., human) such as cancer comprising administering
to said mammal a therapeutically effective amount of a
compound of Formula (I), (I-a), and/or (I-b) (and/or
solvates, hydrates and/or salts thereof) or a
composition thereof, alone or in combination with a
second chemotherapeutic agent. [0008] The present
invention includes a method of using the present
compounds for in vitro, in situ, and in vivo diagnosis
or treatment of mammalian cells, organisms, or
associated pathological conditions. Also included are
methods for making the present compounds. [0009]
Reference will now be made in detail to certain
embodiments of the invention, examples of which are
illustrated in the accompanying structures and
formulas. While the invention will be described in
conjunction with the enumerated embodiments, it will
be understood that they are not intended to limit the
invention to those embodiments. On the contrary, the
invention is intended to cover all alternatives,
modifications, and equivalents which may be included
within the scope of the present invention as defined
by the claims. One skilled in the art will recognize
many methods and materials similar or equivalent to
those described 



herein, which could be used in the practice of the
present invention. The present invention is in no way
limited to the methods and materials described. In the
event that one or more of the incorporated literature,
patents, and similar materials differs from or
contradicts this application,including but not limited
to defined terms, term usage, described techniques, or
the like, this application controls. [0010] The term
"alkyl" as used herein refers to a saturated linear or
branched-chain monovalent hydrocarbon radical of one
to twelve carbon atoms. Examples of alkyl groups
include, but are not limited to, methyl (Me, -CH ),
ethyl (Et, -CH2CH ), 1-propyl (n-Pr, n-propyl,
-CH2CH2CH3), 2-propyl (/-Pr, /-propyl, -CH(CH3)2),
1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3), 2-methyl-l
-propyl (/-Bu, /-butyl, -CH2CH(CH3)2), 2-butyl (s-Bu,
s-butyl, -CH(CH3)CH2CH3), 2- methyl-2-propyl (t-Bu,
t-butyl, -C(CH3)3), 1-pentyl (n-pentyl,
-CH2CH2CH2CH2CH3), 2-pentyl (- CH(CH3)CH2CH2CH3),
3-pentyl (-CH(CH2CH3)2), 2-methyl-2-butyl
(-C(CH3)2CH2CH3), 3- methyl-2-butyl (-CH(CH
3)CH(CH3)2), 3-methyl-l -butyl (-CH2CH2CH(CH3)2),
2-methyl-l -butyl (-CH2CH(CH3)CH2CH3), 1-hexyl (-CH
2CH2CH2CH2CH2CH3), 2-hexyl (-CH(CH3)CH2CH2CH2 CH3),
3-hexyl (-CH(CH 2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl
(-C(CH3)2CH2CH2CH3), 3- methyl-2-pentyl (-CH(CH
3)CH(CH 3)CH 2CH3), 4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3- methyl-3-pentyl
(-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl
(-CH(CH2CH3)CH(CH3)2), 2,3- dimethyl-2-butyl (-C(CH
3)2CH(CH3)2), 3,3-dimethyl-2-butyl (-CH(CH 3)C(CH3)3,
1-heptyl, 1- octyl, and the like. [0011] The term
"alkenyl" refers to linear or branched-chain
monovalent hydrocarbon radical of two to twelve carbon
atoms with at least one site of unsaturation, i.e., a
carbon-carbon, sp2 double bond, wherein the alkenyl
radical includes radicals having "cis" and "trans"
orientations, or alternatively, "E" and "Z"
orientations. Examples include, but are not limited
to, ethylenyl or vinyl (-CH=CH2), allyl (-CH2CH=CH2),
and the like. [0012] The term "alkynyl" refers to a
linear or branched monovalent hydrocarbon radical of
two to twelve carbon atoms with at least one site of
unsaturation, i.e., a carbon-carbon, sp triple bond.
Examples include, but are not limited to, ethynyl
(-CCH), propynyl (propargyl, -CH2CCH), and the like.
[0013] The term "cycloalkyl" refers to a monovalent
non-aromatic, saturated or partially unsaturated ring
having 3 to 12 carbon atoms as a monocyclic ring or 6
to 12 carbon atoms as a bicyclic ring. Bicyclic
carbocycles having 6 to 12 atoms can be arranged, for
example, as a bicyclo [4,5], [5,5], [5,6] or [6,6]
system, and bicyclic carbocycles having 9 or 10 ring
atoms can be arranged as a bicyclo [5,6] or [6,6]
system, or as bridged systems such as
bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and
bicyclo[3.2.2]nonane. Examples of
monocycliccarbocycles include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1- 



enyl, l-cyclopent-2-enyl, l-cyclopent-3-enyl,
cyclohexyl, 1-cyclohex-1-enyl, l-cyclohex-2-enyl,
l-cyclohex-3-enyl, cyclohexadienyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl,
cyclododecyl, and the like. [0014] "Aryl" means a
monovalent aromatic hydrocarbon radical of 6-14 carbon
atoms derived by the removal of one hydrogen atom from
a single carbon atom of a parent aromatic ring system.
Some aryl groups are represented in the exemplary
structures as "Ar". Aryl includes bicyclic radicals
comprising an aromatic ring fused to a saturated,
partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. Typical aryl groups include, but
are not limited to, radicals derived from benzene
(phenyl), substituted benzenes, naphthalene,
anthracene, indenyl, indanyl, 1,2-dihydronapthalene,
1,2,3,4-tetrahydronapthyl, and the like. [0015] The
terms "heterocycle," "heterocyclyl" and "heterocyclic
ring" are used interchangeably herein and refer to a
saturated or a partially unsaturated (i.e., having one
or more double bonds within the ring) carbocyclic
radical of 3 to 14 ring atoms in which at least one
ring atom is a heteroatom selected from nitrogen,
oxygen and sulfur, the remaining ring atoms being C,
where one or more ring atoms is optionally substituted
independently with one or more substituents described
below. A heterocycle may be a monocycle having 3 to 7
ring members (2 to 6 carbon atoms and 1 to 4
heteroatoms selected from N, O, and S) or a bicycle
having 6 to 10 ring members (4 to 9 carbon atoms and 1
to 6 heteroatoms selected from N, O, and S), for
example: a bicyclo [4,5], [5,5], [5,6], or [6,6]
system or a bridged [2.1.1], [2.2.1], [2.2.2] or
[3.2.2] system. Heterocycles are described in
Paquette, Leo A.; "Principles of Modern Heterocyclic
Chemistry" (W.A. Benjamin, New York, 1968),
particularly Chapters 1, 3, 4, 6, 7, and 9 ; "The
Chemistry of Heterocyclic Compounds, A series of
Monographs" (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 19, and
28; and J. Am. Chem. Soc. (1960) 82:5566.
"Heterocyclyl" also includes radicals where
heterocycle radicals are fused with a saturated,
partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. Examples of heterocyclic rings
include, but are not limited to, pyrrolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidinyl, morpholinyl,
thiomorpholinyl, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2- pyrrolinyl, 3-pyrrolinyl,
indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl,
1,3-dioxolanyl,pyrazolinyl, dithianyl, dithiolanyl,
dihydropyranyl, dihydrothienyl,
pyrazolidinylimidazolinyl, imidazolidinyl,
3-azabicyco[3.1.0]hexanyl,
3-azabicyclo[4.1.0]heptanyl, and
azabicyclo[2.2.2]hexanyl. Spiro moieties are also
included within the scope of this definition. Examples
of a heterocyclic group wherein ring atoms are
substituted with oxo (=0) moieties are 



pyrimidinonyl and 1,1-dioxo-thiomorpholinyl. [0016]
The term "heteroaryl" refers to a monovalent aromatic
radical of 5- or 6- membered rings, and includes fused
ring systems (at least one of which is aromatic) of
5-16 atoms, containing one or more heteroatoms
independently selected from nitrogen, oxygen, and
sulfur. Examples of heteroaryl groups are pyridinyl
(including, for example, 2- hydroxypyridinyl),
imidazolyl, imidazopyridinyl, pyrimidinyl (including,
for example, 4- hydroxypyrimidinyl), pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, oxadiazolyl,
triazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. [0017] The heterocycle or heteroaryl
groups may be carbon (carbon-linked) or nitrogen
(nitrogen-linked) attached where such is possible. By
way of example and not limitation, carbon bonded
heterocycles or heteroaryls are bonded at position 2,
3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of
a pyridazine, position 2, 4, 5, or 6 of a pyrimidine,
position 2, 3, 5, or 6 of a pyrazine, position 2, 3,
4, or 5 of a furan, tetrahydrofuran, thiophene,
tetrahydrothiophene, pyrrole or pyrrolidine, position
2, 4, or 5 of an oxazole, imidazole or thiazole,
position 3, 4, or 5 of an isoxazole, pyrazole, or
isothiazole, position 2 or 3 of an aziridine, position
2, 3, or 4 of an azetidine, position 2, 3, 4, 5, 6, 7,
or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8
of an isoquinoline. [0018] By way of example and not
limitation, nitrogen bonded heterocycles or
heteroaryls are bonded at position 1 of an aziridine,
azetidine, pyrrole, pyrrolidine, 2-pyrroline,
3-pyrroline, imidazole, imidazolidine, 2-imidazoline,
3-imidazoline, pyrazole, pyrazoline, 2- pyrazoline,
3-pyrazoline, piperidine, piperazine, indole,
indoline, 1H-indazole, 2-oxo-1,2- dihydropyridine, or
4-oxo-1,4-dihydropyridine; position 2 of a isoindole,
or isoindoline; position 4 of a morpholine; and
position 9 of a carbazole, or b-carboline.[0019] The
term "halo" refers to F, Cl, Br or I. The heteroatoms
present in heteroaryl or heterocyclyl include the
oxidized forms such as N+ (r)O-, S(O) and S(O)2.
[0020] The terms "treat" and "treatment" refer to both
therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow
down (lessen) an undesired physiological change or
disorder, such as the development or spread of cancer.
For purposes of this invention, beneficial or desired
clinical results include, but are not limited to,
alleviation of symptoms, diminishment of extent of
disease, stabilized (i.e., not worsening) state 



of disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and
remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean
prolonging survival as compared to expected survival
if not receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0021] The phrase "therapeutically
effective amount" means an amount of a compound of the
present invention that (i) treats or prevents the
particular disease, condition, or disorder, (ii)
attenuates, ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. In the case of cancer,
the therapeutically effective amount of the drug may
reduce the number of cancer cells; reduce the tumor
size; inhibit (i.e., slow to some extent and
preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent
and preferably stop) tumor metastasis; inhibit, to
some extent, tumor growth; and/or relieve to some
extent one or more of the symptoms associated with the
cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxic. For cancer therapy,
efficacy can be measured, for example, by assessing
the time to disease progression (TTP) and/or
determining the response rate (RR). [0022] The terms
"abnormal cell growth" and "hyperproliferative
disorder" are used interchangeably in this
application. "Abnormal cell growth", as used herein,
unless otherwise indicated, refers to cell growth that
is independent of normal regulatory mechanisms. This
includes, for example, the abnormal growth of: (1)
tumor cells (tumors) that proliferate by expressing a
mutated tyrosine kinase or overexpression of a
receptor tyrosine kinase; (2) benign and malignant
cells of other proliferative diseases in which
aberrant tyrosine kinase activationoccurs; (3) any
tumors that proliferate by receptor tyrosine kinases;
(4) any tumors that proliferate by aberrant
serine/threonine kinase activation; and (5) benign and
malignant cells of other proliferative diseases in
which aberrant serine/threonine kinase activation
occurs. [0023] The terms "cancer" and "cancerous"
refer to or describe the physiological condition in
mammals that is typically characterized by unregulated
cell growth. A "tumor" comprises one or more cancerous
cells. Tumors include solid and liquid tumors.
Examples of cancer include, but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, myeloma, and
leukemia or lymphoid malignancies. More particular
examples of such cancers include squamous cell cancer
(e.g., epithelial squamous cell cancer), lung cancer
including small- cell lung cancer, non-small cell lung
cancer ("NSCLC"), adenocarcinoma of the lung and
squamous 



carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer
including gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, rectal cancer, colorectal cancer, malignant
brain tumors, melanoma, endometrial or uterine
carcinoma, salivary gland carcinoma, kidney or renal
cancer, prostate cancer, vulval cancer, thyroid
cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, head and neck cancer, as well as acute
myelogenous leukemia (AML). [0024] A "chemotherapeutic
agent" is a chemical compound useful in the treatment
of cancer. Examples of chemotherapeutic agents include
Erlotinib (TARCEV A(r), Genentech/OSI Pharm.),
Bortezomib (VELCADE(r), Millennium Pharm.),
Fulvestrant (FASLODEX(r), AstraZeneca), Sutent (SUl
1248, Pfizer), Letrozole (FEMARA(r), Novartis),
Imatinib mesylate (GLEEVEC(r), Novartis), PTK787/ZK
222584 (Novartis), Oxaliplatin (Eloxatin(r), Sanofi),
Leucovorin, Rapamycin (Sirolimus, RAPAMUNE(r), Wyeth),
Lapatinib (TYKERB(r), GSK572016, Glaxo Smith Kline),
Lonafarnib (SCH 66336), Sorafenib (BAY43-9006, Bayer
Labs), and Geftinib (IRESSA(r), AstraZeneca), AG1478,
AG1571 (SU 5271; Sugen), alkyl sulfonates such as
busulfan, improsulfan and piposulfan; aziridines such
as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide
and trimethylomelamine; acetogenins (especially
bullatacin and bullatacinone); bryostatin;
callystatin; CC- 1065 (including its adozelesin,
carzelesin and bizelesin synthetic analogs);
cryptophycins (particularly cryptophycin 1 and
cryptophycin 8); dolastatin; duocarmycin(including the
synthetic analogs, KW-2189 and CBl-TMl); eleutherobin;
pancratistatin; a sarcodictyln; spongistatin; folic
acid analogs such as denopterin, methotrexate,
pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine,
floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid replenisher such as
frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; bestrabucil;
bisantrene; edatraxate; defofamine; demecolcine;
diaziquone; elfornithine; elliptinium acetate; an
epothilone; etoglucid; gallium nitrate; lentinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; 



tenuazonic acid; triaziquone;
2,2',2"-trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A , roridin A and
anguidine); urethan; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine;
arabinoside ("Ara-C"); chloranmbucil; 6-thioguanine;
mercaptopurine; ifosfamide; mitoxantrone; novantrone;
edatrexate; daunomycin; aminopterin; capecitabine
(XELODA(r)); ibandronate; CPT-I l ;
difluoromethylornithine (DMFO); and pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [0025] Also included in the definition of
"chemotherapeutic agent" are: (i) anti-hormonal agents
that act to regulate or inhibit hormone action on
tumors such as anti-estrogens and selective estrogen
receptor modulators (SERMs), including, for example,
tamoxifen (including NOLVADEX(r); tamoxifen citrate),
raloxifene, droloxifene, 4-hydroxytamoxifen,
trioxifene, keoxifene, LYl 17018, onapristone, and
FARESTON(r) (toremifine citrate); (ii) aromatase
inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE(r) (megestrol acetate),
AROMASIN(r) (exemestane; Pfizer), formestanie,
fadrozole, RIVISOR(r) (vorozole), FEMARA(r)
(letrozole; Novartis), and ARIMIDEX(r) (anastrozole;
AstraZeneca); (iii) antiandrogens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin;
as well as troxacitabine (a 1,3-dioxolane nucleoside
cytosine analog); (iv) protein kinase inhibitors; (v)
lipid kinase inhibitors; (vi) antisense
oligonucleotides, particularly those which
inhibitexpression of genes in signaling pathways
implicated in aberrant cell proliferation, such as,
for example, PKC-alpha, RaIf and H-Ras; (vii)
ribozymes such as VEGF expression inhibitors (e.g.,
ANGIOZYME(r)) and HER2 expression inhibitors; (viii)
vaccines such as gene therapy vaccines, for example,
ALLOVECTIN(r), LEUVECTIN(r), and VAXID(r);
PROLEUKIN(r) rIL-2; a topoisomerase 1 inhibitor such
as LURTOTECAN(r); ABARELIX(r) rmRH; (ix)
anti-angiogenic agents such as bevacizumab
(AVASTEST(r), Genentech); and (x) pharmaceutically
acceptable salts, acids and derivatives of any of the
above. [0026] Other examples of "chemotherapeutic
agents" that can be used in combination with the
present compounds include inhibitors of MEK (MAP
kinase kinase), such as XL518 (Exelixis, Inc.) and
AZD6244 (Astrazeneca); inhibitors of Raf, such as
XL281 (Exelixis, Inc.), PLX4032 (Plexxikon), and
ISIS5132 (Isis Pharmaceuticals); inhibitors of mTor
(mammalian target of rapamycin), such as rapamycin,
AP23573 (Ariad Pharmaceuticals), temsirolimus (Wyeth
Pharmaceuticals) and RADOOl (Novartis); inhibitors of
PI3K (phosphoinositide-3 kinase), such as SF-1 126
(PI3K inhibitor, Semafore Pharmaceuticals), BEZ-235
(PI3K inhibitor, Novartis), XL-147 (PI3K inhibitor,
Exelixis, Inc.), and GDC-0941 (Genentech); inhibitors
of cMet, such as PHA665752 (Pfizer), XL-880 (Exelixis,
Inc.), ARQ- 197 (ArQuIe), and CE- 



355621; and pharmaceutically acceptable salts, acids
and derivatives of any of the above. [0027] Examples
of a "chemotherapeutic agent" also include a DNA
damaging agent such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkylating agents (for example
cisplatin; carboplatin; cyclophosphamide; nitrogen
mustards such as chlorambucil, chlornaphazine,
chlorophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; busulphan; nitrosoureas
such as carmustine, chlorozotocin, fotemustine,
lomustine, nimustine, and ranimnustine; and
temozolomide); antimetabolites (for example
antifolates such as fluoropyrimidines like
5-fluorouracil (5-FU) and tegafur, raltitrexed,
methotrexate, cytosine arabinoside, hydroxyurea and
GEMZAR(r) (gemcitabine); antitumour antibiotics such
as the enediyne antibiotics (e.g., calicheamicin,
especially calicheamicin gammall and calicheamicin
omegall (Angew Chem. Intl. Ed. Engl. (1994)
33:183-186); anthracyclines like adriamycin;
dynemicin, including dynemicin A ; bisphosphonates,
such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin,carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo- 5-oxo-L-norleucine,
ADRIAMYCIN(r) (doxorubicin), morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin, epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, porfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, and zorubicin;
antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and NAVELBINE(r)
(vinorelbine) and taxoids like taxoids, e.g., TAXOL(r)
(paclitaxel; Bristol-Myers Squibb Oncology, Princeton,
N.J.), ABRAXANE(tm) (Cremophor-free),
albumin-engineered nanoparticle formulations of
paclitaxel (American Pharmaceutical Partners,
Schaumberg, Illinois), and TAXOTERE(r) (doxetaxel;
Rhdne-Poulenc Rorer, Antony, France); topoisomerase
inhibitors (for example RFS 2000, epipodophyllotoxins
like etoposide and teniposide, amsacrine, a
camptothecin (including the synthetic analog
topotecan), and irinotecan and SN-38) and
cytodifferentiating agents (for example retinoids such
as all-trans retinoic acid, 13-cis retinoic acid and
fenretinide); and pharmaceutically acceptable salts,
acids and derivatives of any of the above. [0028] A
"chemotherapeutic agent" also includes an agent that
modulates the apoptotic response including inhibitors
of IAP (inhibitor of apoptosis proteins) such as
AEG40826 (Aegera Therapeutics); and inhibitors of
bcl-2 such as GX 15-070 (Gemin X Biotechnologies),
CNDO 103 



(Apogossypol; Coronado Biosciences), HA 14-1 (ethyl
2-amino-6-bromo-4-(l-cyano-2-ethoxy-2-
oxoethyl)-4H-chromene-3-carboxylate), ATlOl (Ascenta
Therapeutics), ABT-737 and ABT-263 (Abbott); and
pharmaceutically acceptable salts, acids and
derivatives of any of the above. [0029] The term
"prodrug" as used in this application refers to a
precursor or derivative form of a compound of the
invention that is capable of being enzymatically or
hydrolytically activated or converted into the more
active parent form. See, e.g., Wilman, "Prodrugs in
Cancer Chemotherapy" Biochemical Society Transactions,
14, pp. 375-382, 615th Meeting Belfast (1986) and
Stella et al., "Prodrugs: A Chemical Approach to
Targeted Drug Delivery," Directed Drug Delivery,
Borchardt et al., (ed.), pp. 247-267, Humana Press
(1985). The prodrugs of this invention include, but
are not limited to, ester-containing prodrugs,
phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfate-containing
prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containingprodrugs, optionally substituted
phenoxyacetamide-containing prodrugs, optionally
substituted phenylacetamide-containing prodrugs,
5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic
free drug. Examples of cytotoxic drugs that can be
derivatized into a prodrug form for use in this
invention include, but are not limited to, compounds
of the invention and chemotherapeutic agents such as
described above. [0030] A "metabolite" is a product
produced through metabolism in the body of a specified
compound or salt thereof. Metabolites of a compound
may be identified using routine techniques known in
the art and their activities determined using tests
such as those described herein. Such products may
result for example from the oxidation, hydroxylation,
reduction, hydrolysis, amidation, deamidation,
esterification, deesterif cation, enzymatic cleavage,
and the like, of the administered compound.
Accordingly, the invention includes metabolites of
compounds of the invention, including compounds
produced by a process comprising contacting a compound
of this invention with a mammal for a period of time
sufficient to yield a metabolic product thereof.
[0031] A "liposome" is a small vesicle composed of
various types of lipids, phospholipids and/or
surfactant which is useful for delivery of a drug
(such as chk inhibitors disclosed herein and,
optionally, a chemotherapeutic agent) to a mammal. The
components of the liposome are commonly arranged in a
bilayer formation, similar to the lipid arrangement of
biological membranes. [0032] The term "package insert"
is used to refer to instructions customarily included
in commercial packages of therapeutic products, that
contain information about the indications, usage,
dosage, administration, contraindications and/or
warnings concerning the use of such 



therapeutic products. [0033] The term "chiral" refers
to molecules which have the property of
nonsuperimposability of the mirror image partner,
while the term "achiral" refers to molecules which are
superimposable on their mirror image partner. [0034]
The term "stereoisomer" refers to compounds which have
identical chemical constitution and connectivity, but
different orientations of their atoms in space that
cannot be interconverted by rotation about single
bonds. [0035] "Diastereomer" refers to a stereoisomer
with two or more centers of chirality and whose
molecules are not mirror images of one another.
Diastereomers have different physicalproperties, e.g.
melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may
separate under high resolution analytical procedures
such as crystallization, electrophoresis and
chromatography. [0036] "Enantiomers" refer to two
stereoisomers of a compound which are
nonsuperimposable mirror images of one another. [0037]
Stereochemical definitions and conventions used herein
generally follow S. P. Parker, Ed., McGraw-Hill
Dictionary of Chemical Terms (1984) McGraw-Hill Book
Company, New York; and Eliel, E. and Wilen, S.,
"Stereochemistry of Organic Compounds", John Wiley &
Sons, Inc., New York, 1994. The compounds of the
invention may contain asymmetric or chiral centers,
and therefore exist in different stereoisomeric forms.
It is intended that all stereoisomeric forms of the
compounds of the invention, including but not limited
to, diastereomers, enantiomers and atropisomers, as
well as mixtures thereof such as racemic mixtures,
form part of the present invention. Many organic
compounds exist in optically active forms, i.e., they
have the ability to rotate the plane of
plane-polarized light. In describing an optically
active compound, the prefixes D and L, or R and S, are
used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d
and 1or (+) and (-) are employed to designate the sign
of rotation of plane-polarized light by the compound,
with (-) or 1 meaning that the compound is
levorotatory. A compound prefixed with (+) or d is
dextrorotatory. For a given chemical structure, these
stereoisomers are identical except that they are
mirror images of one another. A specific stereoisomer
may also be referred to as an enantiomer, and a
mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers
is referred to as a racemic mixture or a racemate,
which may occur where there has been no
stereoselection or stereospecificity in a chemical
reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity. 



[0038] The term "tautomer" or "tautomeric form" refers
to structural isomers of different energies which are
interconvertible via a low energy barrier. For
example, proton tautomers (also known as prototropic
tautomers) include interconversions via migration of a
proton, such as keto-enol and imine-enamine
isomerizations. Valence tautomers include
interconversions by reorganization of some of the
bonding electrons. For example, any reference to a
structure of 2- hydroxypyridine include its tautomer
2-oxo-1,2-dihydropyridine, also known as 2-pyridone,
andvice versa. Similarly, compounds of Formula (I-a)
include the tautomeric form, i.e., Formula (Ic) and
compounds of Formula (I-b) include the tautomeric
form, i.e., Formula (I-d). (I-c) (I-d) [0039] The
phrase "pharmaceutically acceptable salt" as used
herein, refers to pharmaceutically acceptable organic
or inorganic salts of a compound of the invention.
Exemplary salts include, but are not limited, to
sulfate, citrate, acetate, oxalate, chloride, bromide,
iodide, nitrate, bisulfate, phosphate, acid phosphate,
isonicotinate, lactate, salicylate, acid citrate,
tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucuronate, saccharate, formate, benzoate,
glutamate, methanesulfonate "mesylate",
ethanesulfonate, benzenesulfonate,
/7-toluenesulfonate, pamoate (i.e.,
l,l'-methylene-6w-(2-hydroxy-3-naphthoate)) salts,
alkali metal (e.g., sodium and potassium) salts,
alkaline earth metal (e.g., magnesium) salts, and
ammonium salts. A pharmaceutically acceptable salt may
involve the inclusion of another molecule such as an
acetate ion, a succinate ion or other counter ion. The
counter ion may be any organic or inorganic moiety
that stabilizes the charge on the parent compound.
Furthermore, a pharmaceutically acceptable salt may
have more than one charged atom in its structure.
Instances where multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple
counter ions. Hence, a pharmaceutically acceptable
salt can have one or more charged atoms and/or one or
more counter ion. [0040] If the compound of the
invention 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, methanesulfonic 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,
asulfonic acid, such as ju-toluenesulfonic acid or
ethanesulfonic acid, or the like. [0041] If the
compound of the invention 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,
but are not limited to, organic salts derived from
amino acids, such as glycine and arginine, ammonia,
primary, secondary, and tertiary amines, and cyclic
amines, such as piperidine, morpholine and piperazine,
and inorganic salts derived from sodium, calcium,
potassium, magnesium, manganese, iron, copper, zinc,
aluminum and lithium. [0042] The phrase
"pharmaceutically acceptable" indicates that the
substance or composition must be compatible chemically
and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being
treated therewith. [0043] A "solvate" refers to an
association or complex of one or more solvent
molecules and a compound of the invention. Examples of
solvents that form solvates include, but are not
limited to, water, isopropanol, ethanol, methanol,
DMSO, ethyl acetate, acetic acid, and ethanolamine.
The term "hydrate" refers to the complex where the
solvent molecule is water. [0044] The term "protecting
group" refers to a substituent that is commonly
employed to block or protect a particular
functionality while reacting other functional groups
on the compound. For example, an "amino-protecting
group" is a substituent attached to an amino group
that blocks or protects the amino functionality in the
compound. Suitable aminoprotecting groups include
acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBZ),
2-(trimethylsilyl)ethoxymethyl (SEM) and
9-fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a
"hydroxy-protecting group" refers to a substituent of
a hydroxy group that blocks or protects the hydroxy
functionality. Suitable protecting groups include
acetyl and tbutyldimethylsilyl. A "carboxy-protecting
group" refers to a substituent of the carboxy group
that blocks or protects the carboxy functionality.
Common carboxy-protecting groups include
phenylsulfonylethyl, cyanoethyl,
2-(trimethylsilyl)ethyl,
2-(trimethylsilyl)ethoxymethyl, 2-(ptoluenesulfonyl)
ethyl, 2-(/"-nitrophenylsulfenyl)ethyl,
2-(diphenylphosphino)-ethyl, nitroethyl and the like.
For a general description of protecting groups and
their use, see T. W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.
[0045] The terms "compound of this invention," and
"compounds of the presentinvention", "compounds of
Formula (I), (I-a), or (I-b)" and "compounds of
Formula (I), (I-a), and/or (I-b)", unless otherwise
indicated, include compounds of Formula (I), (I-a), or
(I-b) and stereoisomers, geometric isomers, tautomers,
solvates, metabolites, salts (e.g., pharmaceutically
acceptable salts) and prodrugs thereof. Unless
otherwise stated, structures depicted herein are also
meant to include compounds that differ only in the
presence of one or more isotopically 



enriched atoms. For example, compounds of Formula (I),
(I-a), or (I-b), wherein one or more hydrogen atoms
are replaced deuterium or tritium, or one or more
carbon atoms are replaced by a 13C- or 14C-enriched
carbon are within the scope of this invention. [0046]
The present invention provides 1,7-diazacarbazoles of
Formula (I), (I-a), and/or (I-b) (and/or solvates,
hydrates and/or salts thereof) as described above with
kinase inhibitory activity, such as chk1, GSK-3, KDR
and/or FLT3 inhibitory activities. The present
compounds are particularly useful as chk1 kinase
inhibitors. [0047] In certain embodiments of the
present invention, X is CR2, and all other variables
are as defined in Formula (I), (I-a), or (I-b). In
certain embodiments of the present invention, R is H,
CF3, C1-C5 alkyl, or 0(C 1-C5 alkyl), and all other
variables are as defined in Formula (I), (I-a), or
(I-b). In certain embodiments of the present
invention, R2 is H, CF3, C1-C3 alkyl, or (O(C 1-C3
alkyl), and all other variables are as defined in
Formula (I), (I-a), or (I-b). In certain embodiments
of the present invention, R2 is H, and all other
variables are as defined in Formula (I), (I-a), or
(I-b). [0048] In certain embodiments of the present
invention, X is N, and all other variables are as
defined in Formula (I), (I-a), or (I-b). [0049] In
certain embodiments of the present invention, Y is
CR4, and all other variables are as defined in Formula
(I), (I-a), or (I-b), or as defined in any one of the
embodiments herein. In certain embodiments of the
present invention, R4 is H, and all other variables
are as defined in Formula (I), (I-a), or (I-b), or as
defined in any one of the embodiments herein. [0050]
In certain embodiments of the present invention, Y is
N, and all other variables are as defined in Formula
(I), (I-a), or (I-b), or as defined in any one of the
embodiments herein. [0051] In certain embodiments of
the present invention, Z is CR8, and all other
variables are as defined in Formula (I), (I-a), or
(I-b), or as defined in any one of the embodiments
herein. In certain embodiments of the present
invention, R8 is H, and all other variables are as
defined in Formula (I), (I-a), or (I-b), or as defined
in any one of the embodiments herein.[0052] In certain
embodiments of the present invention, Z is N, and all
other variables are as defined in Formula (I), (I-a),
or (I-b), or as defined in any one of the embodiments
herein. [0053] In certain embodiments of the present
invention, R3 is H; and all other variables are as
defined in Formula (I), (I-a), or (I-b), or as defined
in any one of the embodiments herein. [0054] In
certain embodiments of the present invention, R3 is
halo, -O-R 9, -N(R 22)-R9, - S(O)P-R9, or R9; and all
other variables are as defined in Formula (I), (I-a),
or (I-b), or as defined in any one of the embodiments
herein. [0055] In certain embodiments of the present
invention, R3 is halo, and all other variables 



are as defined in Formula (I), (I-a), or (I-b), or as
defined in any one of the embodiments herein. In
certain embodiments of the present invention, R3 is
Br, and all other variables are as defined in Formula
(I), (I-a), or (I-b), or as defined in any one of the
embodiments herein. In In certain embodiments of the
present invention, R3 is F or Cl, and all other
variables are as defined in Formula (I), (I-a), or
(I-b), or as defined in any one of the embodiments
herein. [0056] In certain embodiments of the present
invention, R3 is CN, and all other variables are as
defined in Formula (I), (I-a), or (I-b), or as defined
in any one of the embodiments herein. [0057] In
certain embodiments of the present invention, R9 is
alkyl, alkynyl, cycloalkyl, heterocyclyl, aryl, or
heteroaryl and wherein each member of R9 is
independently substituted with one to three R10
groups; and all other variables are as defined in
Formula (I), (I-a), or (I-b), or as defined in any one
of the embodiments herein. [0058] In certain
embodiments of the present invention, R9 is C1-C
alkyl, C2-C alkynyl, C6 cycloalkyl, 5-6-membered
heterocyclyl having 1 to 2 nitrogen ring atoms, C
aryl, or 5-6 membered monocyclic or 8-10-membered
bicyclic heteroaryl and wherein each member of R9 is
independently substituted with one to two R10 groups;
and all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [0059] In certain embodiments of
the present invention, R9 is C1-C alkyl, C2-C alkynyl,
C6 aryl, or 5-6 membered monocyclic or 8-10-membered
bicyclic heteroaryl having 1 to 2 ring atoms selected
from N, O and S; and wherein each member of R9 is
independently substituted with one to two R10 groups;
and all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [0060] In certain embodiments of
the present invention, R9 is isopropyl, propynyl,
phenyl, pyrazolyl, furanyl, thienyl, pyridyl,
imidazolyl, pyrimidinyl, benzothienyl,
thiazolyl,tetrahydrothienopyridinyl,
tetrahydrothiazolopyridinyl, isothiazolyl,
tetrahydropyridinyl, tetrahydroisoquinolinyl,
triazolyl, dihydrobenzodioxinyl, dihydroindolyl, or
oxazolyl, wherein each member of R9 is independently
substituted with one to two R10 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0061] In certain embodiments of the present
invention, R9 is cyclohexyl or piperidinyl, and
wherein each member of R9 is independently substituted
with one to two R 10 groups; and all other variables
are as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [0062]
In certain embodiments of the present invention, R3 is
R9 and R9 is as defined in any one of the embodiments
herein, and all other variables are as defined in
Formula (I), (I-a) or 



(I-b), or as defined in any one of the embodiments
herein. [0063] In certain embodiments of the present
invention, R3 is OR9, and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0064] In
certain embodiments of the present invention, R3 is
OR9 and R9 is as defined in any one of the embodiments
herein, and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [0065] In certain
embodiments of the present invention, R3 is OR9 and R9
is phenyl optionally substituted with one to three R
10 groups; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [0066] In certain
embodiments of the present invention, R3 is OR9, and
R9 is alkyl or heterocyclyl wherein said alkyl or
heterocyclyl is optionally substituted with one to
three R10 groups; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0067] In
certain embodiments of the present invention, R3 is
OR9, and R9 is C1-C2 alkyl optionally substituted with
one to two R10 groups selected from N(Me) 2, NHEt,
Nmethylpiperidinyl and OCH ; and all other variables
are as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [0068]
In certain embodiments of the present invention, R3 is
OR9, and R9 is piperidinyl or pyrrolidinyl wherein
piperidinyl or pyrrolidinyl is optionally substituted
with one to three R10 groups; and all other variables
are as defined in Formula (I), (I-a) or (I-b), or as
defined in anyone of the embodiments herein. [0069] In
certain embodiments of the present invention, R3 is
-N(R22)-R9, and R9 is defined in any one of the
embodiments herein; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0070] In
certain embodiments of the present invention, R3 is
-N(R22)-R9, and R9 is alkyl optionally substituted
with one to three R10 groups; and all other variables
are as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [0071]
In certain embodiments of the present invention, R3 is
-N(R 22)-R9, and R9 is C1-C2 alkyl optionally
substituted with one to two R10 groups selected from
oxo, NR1 1R 12 ; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. In certain
embodiments of the present invention, R3 is NH-ethyl
or NHC(O)(N-pyrrolidinyl); and all other variables are
as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [0072]
In certain embodiments of the present invention, R3 is
hydrogen, fluoro, chloro, 



bromo, cyano, trifluoromethyl, methyl, (2-propyl),
(2-hydroxy-2-propyl), (2-fluoro-2 -propyl),
cyclopropyl, methoxy, ethoxy, difiuoromethoxy,
trifluoromethoxy, (2-hydroxyethyl)oxy, (2,2,2-
trifluoroethyl)oxy, methylsulfonyl, or aminosulfonyl;
all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [0073] In certain embodiments of
the present invention, R is R wherein R is alkyl,
alkynyl, cycloalkyl, heterocyclyl, aryl, or heteroaryl
and wherein each member of R9 is independently
substituted with one to three R10 groups; and all
other variables are as defined in Formula (I), (I-a)
or (I-b), or as defined in any one of the embodiments
herein. [0074] In certain embodiments of the present
invention, R3 is R9 wherein R9 is C1-C alkyl, C2-C
alkynyl, C4-C6 cycloalkyl, C aryl, 4-6 membered
heterocyclyl or 5-6 membered monocyclic or
8-10-membered bicyclic heteroaryl having 1 to 2 ring
atoms selected from N, O and S ; and wherein each
member of R9 is independently substituted with one to
two R10 groups; and all other variables are as defined
in Formula (I), (I-a) or (I-b), or as defined in any
one of the embodiments herein. [0075] In certain
embodiments of the present invention, R3 is R9 wherein
R9 is C1-C alkyl, C2-C alkynyl, C6 aryl, or 5-6
membered monocyclic or 8-10-membered bicyclic
heteroaryl having 1to 2 ring atoms selected from N, O
and S; and wherein each member of R9 isindependently
substituted with one to two R10 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0076] In certain embodiments of the present
invention, R3 is R9 wherein R9 is isopropyl, propynyl,
phenyl, pyrazolyl, furanyl, thienyl, pyridyl,
imidazolyl, pyrimidinyl, benzothienyl, thiazolyl,
tetrahydrothienopyridinyl,
tetrahydrothiazolopyridinyl, isothiazolyl,
tetrahydropyridinyl, tetrahydroisoquinolinyl,
triazolyl, dihydrobenzodioxinyl, dihydroindolyl,
oxazolyl, or tetrahydrobenzothienyl, wherein each
member of R9 is independently substituted with one to
two R10 groups; and all other variables are as defined
in Formula (T), (I-a) or (I-b), or as defined in any
one of the embodiments herein. [0077] In certain
embodiments of the present invention, R3 is R9 wherein
R9 is cyclohexyl or piperidinyl, wherein each member
of R9 is independently substituted with one to two R10
groups; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [0078] In certain
embodiments of the present invention, R10 is H, halo,
R11, -OR 11 , CN, -CF 3, -OCF 3, -NR 12C(=O)R1 1, -NR
12S(O)qR1 1, -SR 1 1, -NR 1 1R12 , -C(=O)NR 1 1R12 ,
oxo, -S(O) qR 1 1, -S(O) 2NR1 1R12, or -C(O)OR 1 1,
wherein R1 1 and R12 are optionally taken together
with the attached N atom to form a 4-7 membered ring
having additional 0-2 heteroatoms 



selected from O, S, and N, said ring being optionally
substituted with one to four R13 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0079] In certain embodiments of the present
invention, R10 is halo, R 1 1, -OR 1 1, CN, -CF 3,
-OCF 3, -NR 12C(=0)R 1 1, -NR 12S(O)qR1 1, -SR 1 1,
-NR 1 1R12 , -C(=O)NR 11R12 , oxo, -S(O) qR 1 1, -S(O)
2NR1 1R12 , or-C(=O)OR 1 1, wherein R1 1 and R12 are
optionally taken together with the attached N atom to
form a 4-7 membered ring having additional 0-2
heteroatoms selected from O, S, and N, said ring being
optionally substituted with one to four R13 groups;
and all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [0080] In certain embodiments of
the present invention, R10 is halo; CN; -CF 3;-OCF 3;
-NR 12C(O)R 1 1 wherein R12 is H and R1 1 is C1-C4
alkyl; -NR 12 S(O)2R1 1 wherein R12 is H and R 1 1 is
C1-C4 alkyl; -SR 1 1 wherein R1 1 is H or C1-C4 alkyl;
-NR 1 1R 12 wherein R1 1 and R12 are independently H
or C1-C alkyl and R 1 1 and R12 are optionally taken
together with the attached Natom to form a 6-membered
ring having additional 0-2 heteroatoms selected from
O, S, and N, said ring being optionally substituted
with one R22 group; -C(=Y')NR 1 1R12 wherein R1 1 and
R12 are independently H or C1-C4 alkyl; oxo; -S(O) 2R1
1 wherein R1 1 is C1-C4 alkyl, C5-C6 cycloalkyl or a
5-6 membered heterocyclyl having 1 to 2 heteroatoms
selected from N and O; or -S(O) 2NR1 1R12 wherein R1 1
and R12 are independently H or C1-C4 alkyl; and all
other variables are as defined in Formula (I), (I-a),
or (I-b), or as defined in any one of the embodiments
herein. [0081] In certain embodiments of the present
invention, R10 is F, Cl, CN, -CF 3, -OCF 3, -OH,
-NHC(O)CH 3, -NHS(O) 2CH3, -SCH 3 -NH 2, -N(Et) 2,
-C(O)NH 2, -C(O)NH(^- methoxybenzyl), -C(O)N(Et) 2,
oxo, -S(O) 2CH3, -S(O) 2N(CH3)2, N-morpholinyl,
N-piperidinyl, N-piperazinyl, or CO2H, and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0082] In certain embodiments of the present
invention, R10 is R1 1, and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0083] In
certain embodiments of the present invention, R10 is
R1 1 wherein R1 1 is alkyl or heterocyclyl, wherein
said alkyl and heterocyclyl are optionally substituted
with one to four R13 groups, wherein two geminal R13
groups are optionally taken together with the atom to
which they are attached to form a 3-6 membered ring
having additional 0-2 heteroatom selected from O, S,
and N, said ring being optionally substituted with one
to four R18 groups; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. 



[0084] In certain embodiments of the present
invention, R10 is R1 1 wherein R1 1 is C1-C alkyl, or
4-6 membered (e.g., 5-6 membered) monocyclic or
8-10-membered bicyclic heterocyclyl having 1 to 2
heteroatoms selected from N and O, wherein said alkyl
and heterocyclyl are optionally substituted with one
to four R13 groups, wherein two geminal R13 groups are
optionally taken together with the atom to which they
are attached to form a sixmembered ring having 0-2
heteroatom selected from O, S, and N, said ring being
optionally substituted with one to four R18 groups;
and all other variables are as defined in Formula (I),
(Ia) or (I-b), or as defined in any one of the
embodiments herein. [0085] In certain embodiments of
the present invention, R10 is R1 1 wherein R1 1 is
C1-C6 alkyl, or 4-6 membered (e.g., 5-6 membered)
monocyclic or 8-10-membered bicyclic heterocyclyl
having 1 to 2 heteroatoms selected from N and O,
wherein said alkyl andheterocyclyl are optionally
substituted with one to two R13 groups and wherein
each R13 is independently halo, CN, CF3, -OCF 3, oxo,
-(CR 14R15)nC(O)OR16 , -(CR 14R15)nC(O)NR16R17 , -(CR
14R15)nNR16R17, -(CR 14R15)nOR16 , -(CR
14R15)nNR16C(O)R17 , -(CR I4R15)nS(O)2NR16R17 , or R16
; and all other variables are as defined in Formula
(I), (I-a) or (I-b), or as defined in any one of the
embodiments herein. [0086] In certain embodiments of
the present invention, R10 is R1 1 wherein R1 1 is
C1-C6 alkyl, wherein alkyl is optionally substituted
with one to two R13 groups and wherein each R13 is
independently halo, CN, CF3, -OCF 3, oxo, -(CR
14R15)nC(O)OR16 , -(CR 14R15)nC(O)NR16R17 , -(CR
14R15)nNR16R17, -(CR 14R15)nOR16, -(CR
14R15)nNR16C(O)R17 , -(CR 14R15)nS(O)2NR16R17, or R16
; and all other variables are as defined in Formula
(I), (I-a) or (I-b), or as defined in any one of the
embodiments herein. [0087] In certain embodiments of
the present invention, R10 is R1' wherein R1 1 is
methyl, ethyl, i-butyl, t-butyl, CH2R27 wherein R27 is
N(methyl)2, OH, OCH3, CH2OH, piperazinyl, piperidinyl,
morpholinyl, pyrrolyl, azetidinyl, C(CH
)2-piperidinyl, wherein piperazinyl or piperidinyl is
optionally substituted with one to two groups selected
from methyl, ethyl, hydoxy or (CH2)2OH; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0088] In certain embodiments of the present
invention, R10 is R1 1 wherein R11 is 5-6 membered
monocyclic or 8-10-membered bicyclic heterocyclyl
having 1 to 2 heteroatoms selected from N and O,
wherein said alkyl and heterocyclyl are optionally
substituted with one to two R13 groups and wherein
each R13 is independently halo, CN, CF3, -OCF 3, oxo,
-(CR 14R15)nC(O)OR16 , -(CR 14R15)nC(O)NR16R17, - (
CR14R15)nNR16R17 , -(CR 14R15)nOR16, -(CR
14R15)nNR16C(O)R17, -(CR 14R15)nS(O)2NR16R17, or R16 ;
and all other variables are as 



defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0089] In
certain embodiments of the present invention, R10 is
-OR 1 1; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [0090] In certain
embodiments of the present invention, R10 is -OR 1 1
wherein R1 1 is H, alkyl or heterocyclyl, wherein said
alkyl or heterocyclyl is optionally substituted with
one to four R13 groups and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein.[0091] In certain
embodiments of the present invention, R10 is -OR 1 1
wherein R1 1 is H, C1- C alkyl, or 4-6 membered (e.g.,
5-6 membered) monocyclic or 8-10-membered bicyclic
heterocyclyl having 1 to 2 nitrogen atoms, wherein
said alkyl or heterocyclyl is optionally substituted
with one to four R13 groups; and all other variables
are as defined in Formula (I), (Ia) or (I-b), or as
defined in any one of the embodiments herein. [0092]
In certain embodiments of the present invention, R10
is -OR 1 1 wherein R1 1 is H, C1- C alkyl, or 4-6
membered (e.g., 5-6 membered) monocyclic or 8-membered
bicyclic heterocyclyl having 1 to 2 nitrogen atoms,
wherein said alkyl or heterocyclyl is optionally
substituted with one to two R13 groups, wherein each
R13 is independently halo, CN, CF3, -OCF 3, oxo, -(CR
14R15)nC(O)OR 16, -(CR 14R15)nC(O)NR 16R17, - (
CR14R15)nNR16R17 , -(CR 14R15)nOR16 , -(CR
14R15)nNR16C(O)R17, -(CR 14R15)nS(O)2NR16R17, or R16 ;
and all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. In certain embodiments, R10 is OH
or OCH ; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [0093] In certain
embodiments of the present invention, R3 is selected
from: F, Cl, Br, iPr or CO2CH3; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0094] In certain embodiments of the present
invention, R4 is H; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0095] In
certain embodiments of the present invention, R5 is H,
halo,-(CR 14R15)nC(O)NR1 1R12 , -(CR 14R15)nNR12C(O)R1
1, -(CR 14R15)nNR1 1R12, -(CR 14R15)nOR1 1, -(CR 14R
)nSR1' , alkyl, heterocyclyl or heteroaryl, wherein
the said alkyl, heterocyclyl or heteroaryl is
optionally substituted with one to four R13 groups;
and all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [0096] In certain embodiments of
the present invention, R5 is H, halo, -(CR
14R15)nC(O)NR11R12 , -(CR 14R15)nNR12C(O)R1 1 , -(CR
14R15)nNR11R12, -(CR 14R15)nOR1 1, -(CR 14R )nSR1' ,
alkyl, or heterocyclyl, wherein the said alkyl or
heterocyclyl is optionally 



substituted with one to four R groups; and all other
variables are as defined in Formula (I), (Ia) or
(I-b), or as defined in any one of the embodiments
herein. [0097] In certain embodiments of the present
invention, R5 is halo or C2-C6 alkenyl; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [0098] In certain embodiments of the present
invention, R5 is H; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [0099] In
certain embodiments of the present invention, R5 is
Cl, Br or F; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [00100] In certain
embodiments of the present invention, R5 is -(CR 14R
)nC(O)NR11R12 , -(CR 14R )nNR12C(O)R1' , -(CR
14R15)nNR11R12 , -(CR 14R15)nOR1 1, -(CR 14R )nSR1' ,
C1-C6 alkyl, or 4-6 membered (e.g., 5-6 membered)
monocyclic or 7-10 membered bicyclic heterocyclyl
having 1 to 2 nitrogen atoms, wherein said alkyl or
heterocyclyl is optionally substituted with one to two
R13 groups; wherein R14 and R15 are H; n is 0-2; each
R1 1 is independently H, C1-C4 alkyl or 5-6 membered
monocyclic heterocyclyl having 1to 2 nitrogen atoms,
wherein said alkyl or heterocyclyl is optionally
substituted with one to two R13 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [00101] In certain embodiments of the present
invention, R5 is -(CR 14R15)nC(O)NR11R12, -(CR
14R15)nNR12C(O)R1 1, -(CR 14R15)nNR11R12, -(CR
14R15)nOR1 1, -(CR 14R15)nSR1 1, C1-C6 alkyl, or 4-6
membered (e.g., 5-6 membered) monocyclic or 7-10
membered bicyclic heterocyclyl having 1 to 2 nitrogen
atoms, wherein said alkyl or heterocyclyl is
optionally substituted with one to two R13 groups;
wherein R14 and R15 are H; n is 0-2; each R1 1
isindependently H, C1-C4 alkyl, or 5-6 membered
monocyclic heterocyclyl having 1 to 2 nitrogen atoms,
wherein said alkyl or heterocyclyl is optionally
substituted with one to two R13 groups; R13 is OH,
(XC1-C3 alkyl), or C1-C3 alkyl; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [00102] In certain embodiments of the present
invention, R5 is -(CR 14R15)nOR1 1 , C1-C6 alkyl, C -C
alkenyl, or halo; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [00103] In
certain embodiments of the present invention, R5 is
-OR 1 1; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. 



[00104] In certain embodiments of the present
invention, R5 is -NR 1 1; and all other variables are
as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [00105]
In certain embodiments of the present invention, R5 is
C1-C6 alkyl, or 4-6 membered (e.g., 5-6 membered)
monocyclic or 7-10 membered bicyclic heterocyclyl
having 1 to 2 nitrogen atoms wherein the point of
attachment is via a carbon atom on said heterocyclyl,
wherein said alkyl or heterocyclyl is optionally
substituted with one to two R13 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [00106] In certain embodiments of the present
invention, R5 is 5-6 membered heteroaryl; and all
other variables are as defined in Formula (I), (I-a)
or (I-b), or as defined in any one of the embodiments
herein. In certain embodiments, R5 is imidazolyl; and
all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [00107] In certain embodiments of
the present invention, R5 is F, ethyl, OH, OEt,
O(CH2)2OH, O(pyrrolidinyl), Br, -CH=CH2, or
O(CH2)2OCH3, and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [00108] In certain
embodiments of the present invention, R5 is tropinyl,
quinuclideinyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or azetidine wherein said
tropinyl, quinuclideinyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, or azetidine is optionally
substituted with one or more F; and all other
variables are as defined in Formula (I), (I-a) or
(Ib), or as defined in any one of the embodiments
herein.[00109] In certain embodiments of the present
invention, R5 is selected from the following; and and
all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein: ethyl, OH, ethoxy, O(CH2CH2)OCH3,,
and [00110] In certain embodiments of the present
invention, R6 is H; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [00111] In
certain embodiments of the present invention, R6 is
CN, -CF 3, -OCF 3, halo, -C(=Y')OR 1 1, -C(=Y')NR
11R12 , -OR 1 1, -OC(=Y')R 1 1, -NR 1 1R12 , -NR
I2C(=Y')R 1 1, -NR 12C(=Y')NR 1 1R12, -NR 12S(O) 1 R1
1, -SR 1 1, -S(O)R 1 1, -S(O) 2R1 1 , -OC(=Y')NR
11R12, -S(O) 2NR1 1R12, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl wherein
said alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl are optionally
substituted by one to four R13 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as 



defined in any one of the embodiments herein. [00112]
In certain embodiments of the present invention, R6 is
CN, CF3, -OCF 3, halo, -C(O)OR 1 1, -C(O)NR 1 1R12 ,
-OR 1 1, -NR 1 1R12, -NR 12C(O)R1 1, -NR 12C(=NR12)R1
1, -NR 12S(O)2R1 1, -SR 1 1, -S(O) 2R1 1, alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl wherein
said alkyl is substituted with one to four R13 groups
except H and said heterocyclyl or heteroaryl is
optionally substituted by one to four R13 groups; and
all other variables are as defined in Formula (I),
(I-a) or (I-b), or as defined in any one of the
embodiments herein. [00113] In certain embodiments of
the present invention, R6 is CN, halo, -C(O)NR 11R12,
-OR 1 1, -NR 1 1R12 , -NR 12C(O)R1 1, alkyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl, wherein
said alkyl is substituted with one to two R13 groups
except H, and said heteroaryl is optionally
substituted by one to two R13 groups; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [00114] In certain embodiments of the present
invention, R6 is CN, halo, -C(O)NR 1 1R12 , -OR 1 1,
-NR 1 1R12 , -NR 12C(O)R1 1, C1-C3 alkyl, C3-C6
cycloalkyl, 5-6 heterocyclyl having 1 to 2
heteroatoms, C6 aryl, or 5-6 or 9-membered heteroaryl
having 1 to 4 heteroatoms; wherein said alkyl is
substituted with one to two R13 groups except H; and
said cycloalkyl, aryl, heterocyclylor heteroaryl is
optionally substituted by one to two R13 groups;
wherein heteroatoms are selected from N, O and S;
wherein each R12 is H or C1-C3 alkyl and each R1 1 is
independently H or C1-C3 alkyl optionally substituted
by one to two R13 groups; and all other variables are
as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [00115]
In certain embodiments of the present invention, R6 is
CN, halo, -C(O)NR 11R12 , -OR 1 1, -NR 1 1R12 , -NR
12C(O)R1 1, C1-C3 alkyl, or 5-6 or 9-membered
heteroaryl having 1to 4 heteroatoms selected from N, O
and S, wherein said alkyl is substituted with one to
two R13 groups (wherein R13 is OR16 where R16 is H or
alkyl), and said heteroaryl is optionally substituted
by one to two R13 groups (wherein R13 is OR16 ,
NR16R17 , or C1-C2 alkyl optionally substituted with
R18 where each of R16 and R17 is independently H or
alkyl); wherein each R12 is H or C1-C3 alkyl and each
R1 1 is independently H or C1-C3 alkyl optionally
substituted by one to two R13 groups (wherein R13 is
OR16 where R16 is H or alkyl); and all other variables
are as defined in Formula (I), (I-a) or (I-b), or as
defined in any one of the embodiments herein. [00116]
In certain embodiments of the present invention, R6 is
CN, F, Cl, Br, -C(O)OH, -C(O)NH 2, -C(O)NHCH 2CH2OH,
-C(O)N(CH 3)2, -OCH 3, -CH 2OH, -C(CH 3)2OH, pyridyl,
pyrazolyl, pyrimidinyl, oxazolyl, isoxazolyl,
thiazolyl, imidazolyl, pyrazinyl, imidazopyrimidinyl,
pyridazinyl, triazolyl, tetrazolyl, thiadiazolyl,
oxadiazolyl, -C(O)-Npyrrolidinyl, -C(O)NHEt, or
-C(O)NH(CH2)2NH2, wherein said pyridyl, pyrazolyl,
pyrimidinyl, 



oxazolyl, isoxazolyl, thiazolyl, imidazolyl,
pyrazinyl, imidazopyrimidinyl, pyridazinyl, triazolyl,
tetrazolyl, thiadiazolyl, and oxadiazolyl are
optionally substituted with 1-2 groups selected from
methyl, methoxy, NH2, and benzyl; and all other
variables are as defined in Formula (I), (I-a) or
(I-b), or as defined in any one of the embodiments
herein. [00117] In certain embodiments of the present
invention, R6 is CN; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [00118] In
certain embodiments of the present invention, R6 is
pyridyl, or pyrazolyl optionally substituted with
methyl; and all other variables are as defined in
Formula (I), (I-a) or (I-b), or as defined in any one
of the embodiments herein. [00119] In certain
embodiments of the present invention, R7 is H, or
C1-C4 alkyl optionally substituted with one to three
halo groups or OH; and all other variables are as
defined in Formula (I), (I-a) or (I-b), or as defined
in any one of the embodiments herein. [00120] In
certain embodiments of the present invention, R7 is H,
methyl or ethyl; and allother variables are as defined
in Formula (T), (I-a) or (I-b), or as defined in any
one of the embodiments herein. [00121] In certain
embodiments, R10 is methyl, ethyl or R30 as defined in
Formula (II) below. [00122] In certain embodiments,
compounds are of Formula (II): wherein R isTHIOPHENE
OR THIAZOLE DERIVATIVES AND THEIR USE AS PI3K
INHIBITORS BACKGROUND OF THE INVENTION [0001]
Phosphatidylinositol 3-kinase (PBK) is a family of
lipid kinases that phosphorylate phosphatidylinositol
at the 3' position of the inositol ring. PI3K is
comprised of several classes of genes, including Class
IA, IB, II and III and some of these classes contain
several isoforms (reviewed in Engelman et al., Nature
Review Genetics 7:606-619 (2006)). Adding to the
complexity of this family is the fact that PI3Ks
function as heterodimers, comprising a catalytic
domain and a regulatory domain. The PI3K family is
structurally related to a larger group of lipid and
serine/threonine protein kinases known as the
phosphatidylinositol 3-kinase like kinases (PIKKs),
which also includes DNA-PK, ATM, ATR, mTOR, TRRAP and
SMGl. [0002] PI3K is activated downstream of various
mitogenic signals mediated through receptor tyrosine
kinases, and subsequently stimulates a variety of
biological outcomes; including increased cell
survival, cell cycle progression, cell growth, cell
metabolism, cell migration and angiogenesis (reviewed
in Cantley, Science 296:1655-57 (2002); Hennessy et
al., Nature Reviews Drug Discovery 4:988-1004 (2005);
Engelman et al., Nature Review Genetics 7:606-619
(2006)). Thus, PI3K hyper-activation is associated
with a number of hyper-proliferative, inflammatory, or
cardiovascular disorders; including 



cancer, inflammation, and cardiovascular disease.
[0003] There are a number of genetic aberrations that
lead to constitutive PI3K signaling; including
activating mutations in PI3K itself (Hennessy et al.,
Nature Reviews Drug Discovery 4:988-1004 (2005);
reviewed in Bader et al., Nature Reviews Cancer
5:921-9 (2005)); RAS (reviewed in Downward Nature
Reviews Cancer 3:1 1-22 (2003)) and upstream receptor
tyrosine kinases (reviewed in Zwick et al., Trends in
Molecular Medicine 8:17-23 (2002)) as well as
inactivating mutations in the tumor suppressor PTEN
(reviewed in Cully et al., Nature Reviews Cancer
6:184-92 (2006)). Mutations in each of these gene
classes have proven to be oncogenic and are commonly
found in a variety of cancers. [0004] The molecules
defined within this invention inhibit the activity of
PI3K, and therefore may be useful for the treatment of
proliferative, inflammatory, or cardiovascular
disorders. Cases where PI3K pathway mutations have
been linked to proliferative disorders where the
molecules defined within this invention may have a
therapeutic benefit include benign and malignant
tumors and cancers from diverse lineage, including but
not limited to those derived from colon (Samuels et
al., Science 304:554 (2004); reviewed in Karakas et
al., British Journal of Cancer 94: 455-59 (2006)),
liver (reviewed in Karakas et al., British Journal of
Cancer 94: 455-59 (2006)), intestine (reviewed in
Hennessy et al., Nature ReviewsDrug Discovery
4:988-1004 (2005)), stomach (Samuels et al., Science
304:554 (2004); reviewed in Karakas et al., British
Journal of Cancer 94: 455-59 (2006)), esophagus
(Phillips et al., International Journal of Cancer
118:2644-6 (2006)); pancreas (reviewed in Downward
Nature Reviews Cancer 3:11-22 (2003)); skin (reviewed
in Hennessy et al., Nature Reviews Drug Discovery
4:988-1004 (2005)), prostate (reviewed in Hennessy et
al., Nature Reviews Drug Discovery 4:988-1004 (2005)),
lung (Samuels et al., Science 304:554 (2004); reviewed
in Karakas et al., British Journal of Cancer 94:
455-59 (2006)), breast (Samuels et al., Science
304:554 (2004); Isakoff et al., Can Res 65:10992-1000
(2005); reviewed in Karakas et al., British Journal of
Cancer 94: 455-59 (2006)), endometrium (Oda et al.,
Can Res 65:10669- 73 (2005); reviewed in Hennessy et
al., Nature Reviews Drug Discovery 4:988-1004 (2005)),
cervix (reviewed in Hennessy et al., Nature Reviews
Drug Discovery 4:988-1004 (2005)); ovary (Shayesteh et
al., Nature Genetics 21:99-102 (1999); reviewed in
Karakas et al., British Journal of Cancer 94: 455-59
(2006)), testes (Moul et al., Genes Chromosomes Cancer
5:109-18 (1992); Di Vizio et al., Oncogene 24:1882-94
(2005)), hematological cells (reviewed in Karakas et
al., British Journal of Cancer 94: 455-59 (2006);
Hennessy et al., Nature Reviews Drug Discovery
4:988-1004 (2005)), pancreas (reviewed in Downward
Nature Reviews Cancer 3:11-22 (2003)), thyroid
(reviewed in Downward Nature Reviews Cancer 3:11-22
(2003); reviewed in Hennessy et al., Nature Reviews
Drug Discovery 4:988-1004 (2005)); brain (Samuels et
al., Science 304:554 (2004); reviewed in Karakas et
al., British Journal of Cancer 94: 455-59 (2006)),
bladder (Lopez-Knowles et al., Cancer Research
66:7401-7404 (2006); Hennessy et al., Nature Reviews
Drug Discovery 4:988-1004 (2005)); kidney (reviewed in
Downward 



Nature Reviews Cancer 3:11-22 (2003)) and Head and
Neck (reviewed in Engelman et al., Nature Reviews
Genetics 7:606-619 (2006)). [0005] Other classes of
disorders with aberrant PI3K pathway signaling where
the molecules defined within this invention may have a
therapeutic benefit include inflammatory and
cardiovascular diseases, including but not limited to
allergies/anaphylaxis (reviewed in Rommel et al.,
Nature Reviews Immunology 7:191-201 (2007)), acute and
chronic inflammation (reviewed in Ruckle et al.,
Nature Reviews Drug Discovery 5:903-12 (2006);
reviewed in Rommel et al., Nature Reviews Immunology
7:191-201 (2007)), rheumatoid arthritis (reviewed in
Rommel et al., Nature Reviews Immunology 7:191- 201
(2007)); autoimmunity disorders (reviewed in Ruckle et
al., Nature Reviews Drug Discovery 5:903- 12 (2006)),
thrombosis (Jackson et al., Nature Medicine 11:507-14
(2005); reviewed in Ruckle et al., Nature Reviews Drug
Discovery 5:903-12 (2006)), hypertension (reviewed in
Ruckle et al., Nature Reviews Drug Discovery 5:903-12
(2006)), cardiac hypertrophy (reviewed in Proud et
al., Cardiovascular Research 63:403-13 (2004)), and
heart failure (reviewed in Mocanu et al., British
Journal of Pharmacology 150:833-8 (2007)).[0006]
Clearly, it would be beneficial to provide novel PI3K
inhibitors that possess good therapeutic properties,
especially for the treatment of proliferative,
inflammatory, or cardiovascular disorders. DETAILED
DESCRIPTION OF THE INVENTION [0007] 1. General
Description of Compounds of the Invention: [0008] This
invention provides compounds that are inhibitors of
PI3K, and accordingly are useful for the treatment of
proliferative, inflammatory, or cardiovascular
disorders. The compounds of this invention are
represented by formula I : or a pharmaceutically
acceptable salt thereof, wherein: when Y2 is C, R1 is
H, -CN, halogen, -Z-R 3, 6 aliphatic, or 3-10-membered
cycloaliphatic, wherein: Z is selected from an
optionally substituted C1.3 alkylene chain, -O-,
-N(Rla)-, -S- , -S(O)-, -S(O)2-, -C(O)-, -CO2-,
-C(O)NR1"-, -N(Rla)C(O)-, -N(R la)CO2-, -S(O)2NR1"-, -
N(Rla)S(O)2-, -OC(O)N(R 1")-, -N(Rla)C(0)NR la-,
-N(Rla)S(O)2N(R la)-, or -OC(O)-; Rla is hydrogen or
an optionally substituted Ci 4 aliphatic, and R3 is an
optionally substituted group selected from 6
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; R2 is H, halogen, -W-R 5, or - R5,
wherein: 



W is selected from an optionally substituted C1.3
alkylene chain, -O-, -N(R2")-, - S-, -S(O)-, -S(O)2-,
-C(O)-, -CO2-, -C(0)NR 2a-, -N(R2a)C(0)-, -N(R2a)COr ,
-S(O)2NR2"-, -N(R2a)S(O)2-, -OC(O)N(R 2")-,
-N(R2a)C(O)NR2"-, -N(R^)S(O) 2N(R2")-, or -OC(O)-. R2a
is hydrogen or an optionally substituted Q -4
aliphatic, and R5 is an optionally substituted group
selected from Ci 6 aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or
5-10-memberedheteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; X , X2, and X3 are each independently N or
CR6, wherein each occurrence of R6 is independently
hydrogen, -CN, halogen, -V-R 7, C .6 aliphatic, or
3-10-membered cycloaliphatic, wherein: V is selected
from an optionally substituted C .3alkylene chain,
-O-, -N(R6a)-, -S- , -S(O)-, -S(O)2-, -C(O)-, -CO2-,
-C(O)NR6 -, -N(R6a)C(O)-, -N(R6a)CO2-, -S(O)2NR6a-, -
N(R6a)S(O)2-, -OC(O)N(R6 )-, -N(R6a)C(O)NR6a-,
-N(R6a)S(O)2N(R6a)-, or -OC(O)-. R6a is hydrogen or an
optionally substituted C 4 aliphatic, and R7 is an
optionally substituted group selected from Ci_6
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; Y is S, O, NR8, wherein R8 is
hydrogen or an optionally substituted Ci- 4aliphatic;
Y2 is C, N wherein each occurrence of R4 is
independently-R 4a or -T -R4*1, wherein: each
occurrence of R4a, as valency and stability permit, is
independently fluorine, =O, =S, -CN, -NO2, -R4 ,
-N(R4b)2, -0R 4b, -SR40 , -S(O)2R4 , -C(O)R4b,
-C(O)OR4b, - C(O)N(R4b)2, -S(O)2N(R4b)2,
-OC(O)N(R4b)2, -N(R^)C(O)R 4 , -N(R^)SO 2R40 , -
N(R4^C(O)OR 4 , -N(R4e)C(O)N(R4b)2, or -N(R
4e)SO2N(R4b)2, or two occurrences of R4b, taken
together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms
selected from nitrogen, oxygen, or sulfur; each
occurrence of R4b is independently hydrogen or an
optionally substituted group selected from C C6
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or 



sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;each
occurrence of R40 is independently an optionally
substituted group selected from Ci-C6 aliphatic,
3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R4 is
independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R4 is
independently hydrogen or an optionally substituted
Ci- 6 aliphatic group; and T1 is an optionally
substituted C .C6 alkylene chain wherein the alkylene
chain optionally is interrupted by -N(R4a)-, -O-, -S-,
-S(O)-, -S(O)2-, -C(O)-, -C(O)O-, -C(O)N(R4 )-,
-S(O)2N(R4")-, -OC(O)N(R4 )-, -N(R4a)C(O)-,
-N(R4a)SO2-, -N(R43)C(O)O-, -NR4a C(O)N(R43)-, -N(R4
S(O)2N(R4")-, -OC(O)-, or -C(0)N(R 4a)-0- or wherein
Ti or a portion thereof optionally forms part of an
optionally substituted 3-7 membered cycloaliphatic or
heterocyclyl ring; n is 0-6; m is 1 or 2; p is O, I ,
or 2; represents a single or double bond; and provided
that the compound of formula I is other than
Morpholine, 4-[5-(4,5-diphenyl-lH-imidazol-2-yl)-
2-thienyl]-. [0009] 2. Compounds and Definitions:
[0010] Compounds of this invention include those
described generally for formula I above, and are
further illustrated by the classes, subclasses, and
species disclosed herein. As used herein, the
following definitions shall apply unless otherwise
indicated. [0011] As described herein, compounds of
the invention may be optionally substituted with one
or more substituents, such as are illustrated
generally above, or as exemplified by particular
classes, subclasses, and species of the invention. It
will be appreciated that the phrase "optionally
substituted" is used interchangeably with the phrase
"substituted or unsubstituted." In general, the term
"substituted", 



whether preceded by the term "optionally" or not,
means that a hydrogen radical of the designated
moietyis replaced with the radical of a specified
substituent, provided that the substitution results in
a stable or chemically feasible compound. The term
"substitutable", when used in reference to a
designated atom, means that attached to the atom is a
hydrogen radical, which hydrogen atom can be replaced
with the radical of a suitable substituent. Unless
otherwise indicated, an "optionally substituted" group
may have a substituent at each substitutable position
of the group, and when more than one position in any
given structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned by this invention are preferably those that
result in the formation of stable or chemically
feasible compounds. [0012] A stable compound or
chemically feasible compound is one in which the
chemical structure is not substantially altered when
kept at a temperature from about -80 0C to about +40,
in the absence of moisture or other chemically
reactive conditions, for at least a week, or a
compound which maintains its integrity long enough to
be useful for therapeutic or prophylactic
administration to a patient. [0013] The phrase "one or
more substituents", as used herein, refers to a number
of substituents that equals from one to the maximum
number of substituents possible based on the number of
available bonding sites, provided that the above
conditions of stability and chemical feasibility are
met. [0014] As used herein, the term "independently
selected" means that the same or different values may
be selected for multiple instances of a given variable
in a single compound. [0015] As used herein, "a
3-7-membered saturated, partially unsaturated, or
aromatic monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, or an 8-10- membered partially unsaturated, or
aromatic bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur" includes cycloaliphatic, heterocyclic, aryl
and heteroaryl rings. [0016] As used herein, the term
"aromatic" includes aryl and heteroaryl groups as
described generally below and herein. [0017] The term
"aliphatic" or "aliphatic group", as used herein,
means an optionally substituted straight-chain or
branched C 2 hydrocarbon, or a cyclic C 2 hydrocarbon
which is completely saturated or which contains one or
more units of unsaturation, but which is not aromatic
(also referred to herein as "carbocycle",
"cycloaliphatic", "cycloalkyl", or "cycloalkenyl").
For example, suitable aliphatic groups include
optionally substituted linear, branched or cyclic
alkyl, alkenyl, alkynyl groups and hybrids thereof,
such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl, or
(cycloalkyl)alkenyl. Unless otherwise specified, in
various embodiments, aliphatic groups have 1-12, 1-10,
1-8, 1-6, 1-4, 1-3, or 1-2 carbon atoms. [0018] The
term "alkyl", used alone or as part of a larger
moiety, refers to an optionally substituted straight
or branched chain hydrocarbon group having 1-12, 1-10,
1-8, 1-6, 1-4, 1-3, or 1-2 carbon 



atoms.[0019] The term "alkenyl", used alone or as part
of a larger moiety, refers to an optionally
substituted straight or branched chain hydrocarbon
group having at least one double bond and having 2-
12, 2-10, 2-8, 2-6, 2-4, or 2-3 carbon atoms. [0020]
The term "alkynyl", used alone or as part of a larger
moiety, refers to an optionally substituted straight
or branched chain hydrocarbon group having at least
one triple bond and having 2-12, 2-10, 2-8, 2-6, 2-4,
or 2-3 carbon atoms. [0021] The terms
"cycloaliphatic", "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic", used alone or as part
of a larger moiety, refer to an optionally substituted
saturated or partially unsaturated cyclic aliphatic
ring system having from 3 to about 14 ring carbon
atoms. In some embodiments, the cycloaliphatic group
is an optionally substituted monocyclic hydrocarbon
having 3-8 or 3-6 ring carbon atoms. Cycloaliphatic
groups include, without limitation, optionally
substituted cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
cycloheptenyl, cyclooctyl, cyclooctenyl, or
cyclooctadienyl. The terms "cycloaliphatic",
"carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic" also include optionally substituted
bridged or fused bicyclic rings having 6-12, 6-10, or
6-8 ring carbon atoms, wherein any individual ring in
the bicyclic system has 3-8 ring carbon atoms. [0022]
The term "cycloalkyl" refers to an optionally
substituted saturated ring system of about 3 to about
10 ring carbon atoms. Exemplary monocyclic cycloalkyl
rings include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and cycloheptyl. [0023] The term
"cycloalkenyl" refers to an optionally substituted
non-aromatic monocyclic or multicyclic ring system
containing at least one carbon-carbon double bond and
having about 3 to about 10 carbon atoms. Exemplary
monocyclic cycloalkenyl rings include cyclopentyl,
cyclohexenyl, and cycloheptenyl. [0024] The terms
"haloaliphatic", "haloalkyl", "haloalkenyl" and
"haloalkoxy" refer to an aliphatic, alkyl, alkenyl or
alkoxy group, as the case may be, which is substituted
with one or more halogen atoms. As used herein, the
term "halogen" or "halo" means F, Cl, Br, or I. The
term "fluoroaliphatic" refers to a haloaliphatic
wherein the halogen is fluoro, including
perfluorinated aliphatic groups. Examples of
fluoroaliphatic groups include, without limitation,
fluoromethyl, difluoromethyl, trifluoromethyl, 2-
fluoroethyl, 2,2,2-trifluoroethyl,
1,1,2-trifluoroethyl, 1,2,2-trifluoroethyl, and
pentafluoroethyl. [0025] The term "heteroatom" refers
to one or more of oxygen, sulfur, nitrogen,
phosphorus, or silicon (including, any oxidized form
of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a
substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro- 2H-pyrroIyl), NH (as in
pyrrolidinyl) or NR+ (as in N-substituted
pyrrolidinyl)). [0026] The terms "aryl" and "ar-",
used alone or as part of a larger moiety, e.g.,
"aralkyl", 



"aralkoxy", or "aryloxyalkyl", refer to an optionally
substituted C -uaromatic hydrocarbon moietycomprising
one to three aromatic rings. Preferably, the aryl
group is a C -ioaryl group. Aryl groups include,
without limitation, optionally substituted phenyl,
naphthyl, or anthracenyl. The terms "aryl" and "ar-",
as used herein, also include groups in which an aryl
ring is fused to one or more cycloaliphatic rings to
form an optionally substituted cyclic structure such
as a tetrahydronaphthyl, indenyl, or indanyl ring. The
term "aryl" may be used interchangeably with the terms
"aryl group", "aryl ring", and "aromatic ring". [0027]
An "aralkyl" or "arylalkyl" group comprises an aryl
group covalently attached to an alkyl group, either of
which independently is optionally substituted.
Preferably, the aralkyl group is C io arylCi_6alkyl,
including, without limitation, benzyl, phenethyl, and
naphthylmethyl. [0028] The terms "heteroaryl" and
"heteroar-", used alone or as part of a larger moiety,
e.g., "heteroaralkyl", or "heteroaralkoxy", refer to
groups having 5 to 14 ring atoms, preferably 5, 6, 9,
or 10 ring atoms; having 6, 10, or 14 p electrons
shared in a cyclic array; and having, in addition to
carbon atoms, from one to five heteroatoms. A
heteroaryl group may be mono-, bi-, tri-, or
polycyclic, preferably mono-, bi-, or tricyclic, more
preferably mono- or bicyclic. The term "heteroatom"
refers to nitrogen, oxygen, or sulfur, and includes
any oxidized form of nitrogen or sulfur, and any
quaternized form of a basic nitrogen. For example, a
nitrogen atom of a heteroaryl may be a basic nitrogen
atom and may also be optionally oxidized to the
corresponding N-oxide. When a heteroaryl is
substituted by a hydroxy group, it also includes its
corresponding tautomer. The terms "heteroaryl" and
"heteroar-", as used herein, also include groups in
which a heteroaromatic ring is fused to one or more
aryl, cycloaliphatic, or heterocycloaliphatic rings.
Nonlimiting examples of heteroaryl groups include
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, purinyl, naphthyridinyl, pteridinyl,
indolyl, isoindolyl, benzothienyl, benzofuranyl,
dibenzofuranyl, indazolyl, benzimidazolyl,
benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 4
-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and
pyrido[2,3-b]-l,4-oxazin-3(4H)-one. The term
"heteroaryl" may be used interchangeably with the
terms "heteroaryl ring", "heteroaryl group", or
"heteroaromatic", any of which terms include rings
that are optionally substituted. The term
"heteroaralkyl" refers to an alkyl group substituted
by a heteroaryl, wherein the alkyl and heteroaryl
portions independently are optionally substituted.
[0029] As used herein, the terms "heterocycle",
"heterocyclyl", "heterocyclic radical", and
"heterocyclic ring" are used interchangeably and refer
to a stable 3- to 8-membered monocyclic or 7-10-
membered bicyclic heterocyclic moiety that is either
saturated or partially unsaturated, and having, in
addition to carbon atoms, one or more, preferably one
to four, heteroatoms, as defined above. When used 



in reference to a ring atom of a heterocycle, the term
"nitrogen" includes a substituted nitrogen. As
anexample, in a saturated or partially unsaturated
ring having 0-3 heteroatoms selected from oxygen,
sulfur or nitrogen, the nitrogen may be N (as in
3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or
NR+ (as in ^/-substituted pyrrolidinyl). [0030] A
heterocyclic ring can be attached to its pendant group
at any heteroatom or carbon atom that results in a
stable structure and any of the ring atoms can be
optionally substituted. Examples of such saturated or
partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl,
tetrahydrothienyl, piperidinyl, decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and
thiamorpholinyl. A heterocyclyl group may be mono-,
bi-, tri-, or polycyclic, preferably mono-, bi-, or
tricyclic, more preferably mono- or bicyclic. The term
"heterocyclylalkyl" refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. Additionally, a heterocyclic ring also
includes groups in which the heterocyclic ring is
fused to one or more aryl rings. [0031] As used
herein, the term "partially unsaturated" refers to a
ring moiety that includes at least one double or
triple bond between ring atoms. The term "partially
unsaturated" is intended to encompass rings having
multiple sites of unsaturation, but is not intended to
include aromatic (e.g., aryl or heteroaryl) moieties,
as herein defined. [0032] The term "alkylene" refers
to a bivalent alkyl group. An "alkylene chain" is a
polymethylene group, i.e., -(CH2),,-, wherein n is a
positive integer, preferably from 1 to 6, from 1 to 4,
from 1 to 3, from 1 to 2, or from 2 to 3. An
optionally substituted alkylene chain is a
polymethylene group in which one or more methylene
hydrogen atoms is optionally replaced with a
substituent. Suitable substituents include those
described below for a substituted aliphatic group and
also include those described in the specification
herein. It will be appreciated that two substituents
of the alkylene group may be taken together to form a
ring system. In certain embodiments, two substituents
can be taken together to form a 3-7-membered ring. The
substituents can be on the same or different atoms.
[0033] An alkylene chain also can be optionally
interrupted by a functional group. An alkylene chain
is "interrupted" by a functional group when an
internal methylene unit is interrupted by the
functional group. Examples of suitable "interrupting
functional groups" are described in the specification
and claims herein. [0034] For purposes of clarity, all
bivalent groups described herein, including, e.g., the
alkylene chain linkers described above, are intended
to be read from left to right, with a corresponding
left-to-right reading of the formula or structure in
which the variable appears. [0035] An aryl (including
aralkyl, aralkoxy, aryloxyalkyl and the like) or
heteroaryl (including heteroaralkyl and
heteroarylalkoxy and the like) group may contain one
or more substituents and thus 



may be "optionally substituted". In addition to the
substituents defined above and herein,
suitablesubstituents on the unsaturated carbon atom of
an aryl or heteroaryl group also include and are
generally selected from -halo, -NO2, -CN, -R+,
-C(R+)=C(R+)2, -OC-R +, -OR+, -SR, -S(O)R0, -SO2R0,
-SO3R+, -SO2N(R+)2, -N(R+)2, -NR+C(O)R+, -NR+C(S)R+,
-NR+C(O)N(R+)2, -NR+C(S)N(R+),, -N(R+)C(=NR+)-N(R+)2,
-N(R+)C(=NR+)-R, -NR+CO2R+, -NR+SO2R0, -NR+SO2N(R+)2,
-0-C(O)R +, -0-CO 2R+, -OC(O)N(R+) , -C(O)R+, -C(S)R0,
-CO2R+, -C(O)-C(O)R+, -C(0)N(R +)2, -C(S)N(R+)2,
-C(O)N(R+)-OR+, -C(O)N(R+)C(=NR+)-N(R+)2,
-N(R+)C(=NR+)-N(R+)-C(O)R+, -C(=NR+)-N(R+)2,
-C(=NR+)-OR+, -N(R+)-N(R+)2, -C(=NR+)-N(R+)-OR+,
-C(R)=N-0R +, -P(O)(R+)2, -P(O)(OR+)2, -0-P(O)-OR +,
and -P(O)(NR+)-N(R+)2, wherein R+, independently, is
hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, cycloaliphatic, or heterocyclyl group, or
two independent occurrences of R+ are taken together
with their intervening atom(s) to form an optionally
substituted 5-7- membered aryl, heteroaryl,
cycloaliphatic, or heterocyclyl ring. Each R is an
optionally substituted aliphatic, aryl, heteroaryl,
cycloaliphatic, or heterocyclyl group. [0036] An
aliphatic or heteroaliphatic group, or a non-aromatic
carbycyclic or heterocyclic ring may contain one or
more substituents and thus may be "optionally
substituted". Unless otherwise defined above and
herein, suitable substituents on the saturated carbon
of an aliphatic or heteroaliphatic group, or of a
non-aromatic carbocyclic or heterocyclic ring are
selected from those listed above for the unsaturated
carbon of an aryl or heteroaryl group and additionally
include the following: =O, =S, =C(R*)2, =NN( R 2,
=N-OR*, =N-NHC(O)R*, =N-NHCO2R =N-NHSO2R or =N-R*
where R is defined above, and each R* is independently
selected from hydrogen or an optionally substituted Ci
6 aliphatic group. [0037] In addition to the
substituents defined above and herein, optional
substituents on the nitrogen of a non-aromatic
heterocyclic ring also include and are generally
selected from - R+, -N(R+)2, -C(O)R+, -C(O)OR+,
-C(O)C(O)R+, -C(O)CH2C(O)R+, -S(O)2R+, -S(O)2N(R+)2,
-C(S)N(R+)2, -C(=NH)-N(R+)2, or -N(R+)S(O)2R+; wherein
each R+ is defined above. A ring nitrogen atom of a
heteroaryl or non-aromatic heterocyclic ring also may
be oxidized to form the corresponding N-hydroxy or
N-oxide compound. A nonlimiting example of such a
heteroaryl having an oxidized ring nitrogen atom is
N-oxidopyridyl. [0038] As detailed above, in some
embodiments, two independent occurrences of R+ (or any
other variable similarly defined in the specification
and claims herein), are taken together with their
intervening atom(s) to form a monocyclic or bicyclic
ring selected from 3-13-membered cycloaliphatic, 3-12-
membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0039]
Exemplary rings that are formed when two independent
occurrences of R+ (or any other variable similarly
defined in the specification and claims herein), are
taken together with their intervening 



atom(s) include, but are not limited to the following:
a) two independent occurrences of R+ (or any
othervariable similarly defined in the specification
or claims herein) that are bound to the same atom and
are taken together with that atom to form a ring, for
example, N(R+)2, where both occurrences of R+ are
taken together with the nitrogen atom to form a
piperidin-1-yl, piperazin-1-yl, or morpholin-4-yl
group; and b) two independent occurrences of R+ (or
any other variable similarly defined in the
specification or claims herein) that are bound to
different atoms and are taken together with both of
those atoms to form a ring, for example where a phenyl
group is substituted with two occurrences of OR+ ,
these two occurrences of R+ are taken together with
the oxygen atoms to which they are bound to form a
fused 6- membered oxygen containing ring: It will be
appreciated that a variety of other rings (e.g., spiro
and bridged rings) can be formed when two independent
occurrences of R (or any other variable similarly
defined in the specification and claims herein) are
taken together with their intervening atom(s) and that
the examples detailed above are not intended to be
limiting. [0040] Unless otherwise stated, structures
depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a 13C- or 14C-enriched carbon are within the scope
of this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays. [0041] It is to be understood that, when a
disclosed compound has at least one chiral center, the
present invention encompasses one enantiomer of
inhibitor free from the corresponding optical isomer,
racemic mixture of the inhibitor and mixtures enriched
in one enantiomer relative to its corresponding
optical isomer. When a mixture is enriched in one
enantiomer relative to its optical isomers, the
mixture contains, for example, an enantiomeric excess
of at least 50%, 75%, 90%, 95% 99% or 99.5%. [0042]
The enantiomers of the present invention may be
resolved by methods known to those skilled in the art,
for example by formation of diastereoisomeric salts
which may be separated, for example,
bycrystallization; formation of diastereoisomeric
derivatives or complexes which may be separated, for
example, by crystallization, gas-liquid or liquid
chromatography; selective reaction of one enantiomer
with an enantiomer-specific reagent, for example
enzymatic esterification; or gas-liquid or liquid
chromatography in a chiral environment, for example on
a chiral support for example silica with a bound 



chiral ligand or in the presence of a chiral solvent.
Where the desired enantiomer is converted into another
chemical entity by one of the separation procedures
described above, a further step is required to
liberate the desired enantiomeric form. Alternatively,
specific enantiomers may be synthesized by asymmetric
synthesis using optically active reagents, substrates,
catalysts or solvents, or by converting one enantiomer
into the other by asymmetric transformation. [0043]
When a disclosed compound has at least two chiral
centers, the present invention encompasses a
diastereomer free of other diastereomers, a pair of
diastereomers free from other diasteromeric pairs,
mixtures of diasteromers, mixtures of diasteromeric
pairs, mixtures of diasteromers in which one
diastereomer is enriched relative to the other
diastereomer(s) and mixtures of diasteromeric pairs in
which one diastereomeric pair is enriched relative to
the other diastereomeric pair(s). When a mixture is
enriched in one diastereomer or diastereomeric pair(s)
relative to the other diastereomers or diastereomeric
pair(s), the mixture is enriched with the depicted or
referenced diastereomer or diastereomeric pair(s)
relative to other diastereomers or diastereomeric
pair(s) for the compound, for example, by a molar
excess of at least 50%, 75%, 90%, 95%, 99% or 99.5%.
[0044] The diastereoisomeric pairs may be separated by
methods known to those skilled in the art, for example
chromatography or crystallization and the individual
enantiomers within each pair may be separated as
described above. Specific procedures for
chromatographically separating diastereomeric pairs of
precursors used in the preparation of compounds
disclosed herein are provided the examples herein.
[0045] 3. Description of Exemplary Compounds: [0046]
In certain embodiments, for compounds of general
formula I , one or more substituents are selected
from: (a) Y1 is S; (b) Y2 is C (c) R1 is CN or H; (d)
R2 is an optionally substituted 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independntly selected from nitrogen, oxygen, or
sulfur; (e) n is 0-2; or (f) R4 is-R 4a.[0047] In some
embodiments, a compound of formula I is represented
by: I-A I-B I-C I D I E In yet other embodiments, R2
is a 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur
6-10-membered aryl, or 5-10- 



membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, optionally substituted with 1-4 independent
occurrences of R9, wherein R9 is-R 9a, -T2-R9d, or -
V2-T2-R9d, and: each occurrence of R9a is
independently halogen, -CN, -NO , -R9 , -N(R9b)2, -
OR9b, -SR9c, -S(O)2R9c , -C(O)R9b, -C(O)OR9b,
-C(O)N(R9b)2, -S(O)2N(R9b)2, - OC(O)N(R9b)2,
-N(R9e)C(O)R9b, -N(R^)SO 2R9 , -N(R9e)C(O)OR9b,
-N(R9e)C(O)N(R9b)2, or -N(R 9e)SO2N(R9b)2, or two
occurrences of R9b, taken together with a nitrogen
atom to which they are bound, form an optionally
substituted 4-7-membered heterocyclyl ring having 0-1
additional heteroatoms selected from nitrogen, oxygen,
or sulfur; each occurrence of R9b is independently
hydrogen or an optionally substituted group selected
from C .C6 aliphatic, 3-10-membered cycloaliphatic,
4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;each
occurrence of R90 is independently an optionally
substituted group selected from Ci_C6 aliphatic,
3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R9d is
independently hydrogen or an optionally substituted
from 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R9e is
independently hydrogen or an optionally substituted
Ci. 6 aliphatic group; each occurrence of V2 is
independently -N(R9e)-, -O-, -S-, -S(O)-, -S(O) 2-,
-C(O)-, -C(O)O-, -C(O)N(R 9 )-, -S(O)2N(R9 )-,
-OC(O)N(R 9 )-, -N(R9e)C(0)-, -N(R9e)SO2-,
-N(R9e)C(O)O-, -N R96C(O)N(R 96)-, -N(R^)SO 2N(R 96)-,
-OC(O)-, or -C(O)N(R 9e)-O-; and T2 is an optionally
substituted Ci C6 alkylene chain wherein the alkylene
chain optionally is interrupted by -N(R7a)-, -0-, -S-,
-S(O)-, -S(O) 2-, -C(O)-, -C(O)O-, -C(O)N(R 7 )-,
-S(O) 2N(R 7 )-, -OC(O)N(R 7 )-, -N(R7a)C(O)-, -N(R
7a)SO2-, -N(R 7a)C(O)O-, -NR7a C(O)N(R 7 )-,
-N(R7a)S(O)2N(R7a)-, -OC(O)-, or -C(O)N(R 7a)-O- or 



wherein T3 or a portion thereof optionally forms part
of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring. [0048] In still
other embodiments, Yi is S, Y2 is C and the compound
is represented by formula II: II wherein R1 is CN or
H.[0049] In yet other embodiments, R2 is an optionally
substituted 3-10-membered cycloaliphatic, 4-
10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; n is 0-2;
and R4 is-R 4a. [0050] In still other embodiments, a
compound of formula I is represented by: II-A H-B II-C
II-D H-E [0051] In still other embodiments, for
compounds described directly above, R2 is a
3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, optionally substituted with 1-4
independent occurrences of R9, wherein R9 is-R 9a,
-T2-R9d, or - V2-T2-R9", and: each occurrence of R9a
is independently halogen, -CN, -NO2, -R9c , -N(R9h)2,
- OR9b, -SR9c, -S(O)2R9c, -C(O)R9b, -C(O)OR9 ,
-C(O)N(R9b)2, -S(O)2N(R9b)2, - OC(O)N(R9b)2,
-N(R9^C(O)R 95, -N(R9e)SO2R9c, -N(R^)C(O)OR 95,
-N(R9e)C(O)N(R9b)2, or -N(R 9e)SO2N(R9b)2, or two
occurrences of R9b, taken together with a nitrogen
atom towhich they are bound, form an optionally
substituted 4-7-membered heterocyclyl ring having 0-1
additional heteroatoms selected from nitrogen, oxygen,
or sulfur; each occurrence of R9b is independently
hydrogen or an optionally substituted group selected
from Ci-C6 aliphatic, 3-10-membered cycloaliphatic,
4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; each
occurrence of R9 is independently an optionally
substituted group selected from Ci.C aliphatic,
3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; 



each occurrence of R9d is independently hydrogen or an
optionally substituted from 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; each occurrence of R9e is independently
hydrogen or an optionally substituted Q - 6 aliphatic
group; each occurrence of V2 is independently
-N(R9e)-, -O-, -S-, -S(O)-, -S(O)2-, -C(O)-, -C(O)O-,
-C(O)N(R9 )-, -S(O)2N(R9 )-, -OC(O)N(R9 )-,
-N(R9e)C(O)-, -N(R9e)SO2-, -N(R^)C(O)O-, -N
R96C(O)N(R96)-, -N(R^)SO 2N(R96)-, -OC(O)-, or
-C(O)N(R9e)-O-; and T2 is an optionally substituted
Ci-C6alkylene chain wherein the alkylene chain
optionally is interrupted by -N(R7")-, -O-, -S-,
-S(O)-, -S(O)2-, -C(O)-, -C(O)O-, -C(O)N(R7")-,
-S(O)2N(R7 )-, -OC(O)N(R7")-, -N(R7a)C(O)-,
-N(R7a)SO2-, -N(R7d)C(0)0-, -NR7 C(O)N(R7")-,
-N(R7'')S(O)2N(R7a)-, -OC(O)-, or -C(O)N(R7a)-O- or
wherein T3 or a portion thereof optionally forms part
of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring. [0052] In yet
other embodiments, R2 is a phenyl group substituted
with 1-3 independent occurrences of halogen, -CN,
-NO2, -R9c, -N(R9b)2, -OR9b, -SR9c, -S(O)2R9 , -C(O)R9
, -C(O)OR9 , -C(O)N(R9b)2, - S(O)2N(R9b)2,
-OC(O)N(R9b)2, -N(R9e)C(O)R9b, -N(R^)SO 2R9 ,
-N(R9^C(O)OR 9", -N(R9e)C(O)N(R9b)2, or-N(R 9e)S0
2N(R9b)2;R3 is hydrogen, Ci^alkyl, or Ci.4fluoroalkyl;
and n is 0. [0053] In still other embodiments, R2 is a
phenyl group substituted with 1-3 independent
occurrences of halo, C,.3 alkyl, CN, C^haloalkyl,
-OC,.3 alkyl, -OC,. 3 haloalkyl, -NHC(O)C 3 alkyl,
-NHC(O)NHC 1-3 alkyl, NHS(O)2C,.3 alkyl, or -COH.
[0054] Table 1 below depicts certain exemplary
compounds of formula I : Table 1: Exemplary Compounds
of formula I:
4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-
4-[4-(2,4-dichlorophenyl)-5-(4H-l,2,4-
[4-(trifluoromethyl)-lH-imidazol-2-
triazol-3-yl)-l,3-thiazol-2-yl]morpholine
yl]thiophene-3-carbonitrile
4-(2,4-dichlorophenyl)-2-[(2S)-2-
4-(4-bromo-2-chlorophenyl)-2-morpholin-4- ethylmof
hoIin-4-yl]-5-(4H-l,2,4-triazol-3-
yl-5-(4H-l,2,4-triazol-3-yl)thiophene-3-
yl)thiophene-3-carbonitriIe
carbonitrile4-(2,4-dichlorophenyl)-2-(tetrahydro-2Hpyr
an- 



4-yl)-5-(4H-l,2,4-triazol-3- 4-iodo-2-mof
holin-4-yl-5-(lH-tetrazol-5-
yl)thiophene-3-carbonitrile
yl)thiophene-3-carbonitrile 8
4-(2,4-dichlorophenyl)-2-[(2R)-2- (fluoromethyl)mof
holin-4-yl]-5-(4H-l,2,4-
4-iodo-2-morpholin-4-yl-5-(4H-l,2,4-triazolt
tiazol-3-yl)thiophene-3-carbonitrile
3-yl)thiophene-3-carbonitrile 10
-(2,4-dichlorophenyl)-2-(2-ethylmorpholin-
4-(2-chloro-4-methoxyphenyl)-2-morpholin-
4-yl)-5-(4H-l,2,4-triazol-3-yl)thiophene-3-
4-yl-5-(4H-l,2,4-triazol-3-yl)thiophene-3-
carbonitrile carbonitrile11 12
4-(2,4-dichlorophenyl)-2-[2-
4-(2,4-dichlorophenyl)-2-[(2R)-2,5- (fluoromethyl)mof
holin-4-yl]-5-(4H-l,2,4- dimethylmof
holin-4-yl]-5-(4H-l,2,4-triazoltriazol-
3-yl)thiophene-3-carbonitrile
3-yl)thiophene-3-carbonitrile 13 14
4-(2,4-dichlorophenyl)-5-(4-methy1- 1H-
4-(2,4-dichlorophenyl)-2-(2,2- imidazol-2-yl)-2-mof
holin-4-ylthiophene-3- dimethylmof
holin-4-yl)-5-(4H-l,2,4-triazolcarbonitrile
3-yl)thiophene-3-carbonitrile 15 16
4-(2,4-dichlorophenyl)-2-( 1,4-oxazepan-4-
4-(2-chloro-4-methoxyphenyl)-5-(lHyl)-
5-(4H-l,2,4-triazol-3-yl)thiophene-3-
imidazol-2-yl)-2-mof holin-4-ylthiophene-3-
carbonitrile carbonitrile17
4-[2-chloro-4-(trifluoromethyl)phenyl]-2-
4-(3-methoxyphenyl)-2-morpholin-4-yl-5-(4 mof
holin-4-yl-5-(4H-l,2,4-triazol-3-
H-l,2,4-triazol-3-yl)thiophene-3-carbonitrile
yl)thiophene-3-carbonitrile 19
4-(2,4-dichlorophenyl)-2-[(2R)-2-
-(2,4-dichlorophenyl)-5-(lH-imidazol-5-yl)-
(hydroxymethyl)mof holin-4-y1] -5-(4H-
2-morpholin-4-ylthiophene-3-carbonitrile
l,2,4-triazol-3-yl)thiophene-3-carbonitrile 21 22
4-(2,4-dichlorophenyl)-2-mof holin-4-yl-5-
4-(2,4-dichlorophenyl)-5-(lH-imidazol-2-yl)-
(lH-pyrazol-5-yl)thiophene-3-carbonitrile 2-mof
holin-4-ylthiophene-3-carbonitrile23
2-{4-[3-cyano-4-(2,4-dichlorophenyl)-5-(4H-
-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-
l,2,4-triazol-3-yl)-2-thienyl]morpholin-2- 



(lH-tetrazol-5-yl)thiophene-3-carbonitrile yl} ethyl
acetate 25 26 -(2,4-dichlorophenyl)-2-mqf
holin-4-yl-5- 4-(2,4-dichlorophenyl)-2-[(3R,5S)-3,5-
(4H- 1,2,4-triazol-3-yl)thiophene-3- dimethylmof
holin-4-yl]-5-(4H-l,2,4-triazolcarbonitrile
3-yl)thiophene-3-carbonitrile 27 28
4-(2,4-dichlorophenyl)-2-[2-
4-(2,4-dichlorophenyl)-2-[(2S)-2-
(hydroxymethyl)morpholin-4-yl]-5-(4H-
(hydroxymethyl)morpholin-4-yl]-5-(4Hl,
2,4-triazol-3-yl)thiophene-3-carbonitrile
l,2,4-triazol-3-yl)thiophene-3-carbonitrilc29 30
4-(2,4-dichlorophenyl)-5-(4-methyl-lH-
4-(2,4-dichlorophenyl)-2-[2-
pyrazol-5-yl)-2-morpholin-4-ylthiophene-3-
(fluoromethyl)mof holin-4-yl]-5-(lHcarbonitrile
imidazol-2-yl)thiophene-3-carbonitrile 31 32
{4-[3-cyano-4-(2,4-dichlorophenyl)-5-(4H-
4-(2,4-dichlorophenyl)-2-[(2S)-2-
l,2,4-triazol-3-yl)-2-thienyl]morpholin-2-
(fluoromethyl)mof holin-4-yl]-5-(4H-l,2,4- yl} methyl
acetate triazol-3-yl)thiophene-3-carbonitrile 33 34
4-(2-chloro-4-hydroxyphenyl)-2-morpholin-
4-(2,4-dichlorophenyl)-2-(3,6-dihydro-2H-
4-yl-5-(4H-l,2,4-triazol-3-yl)thiophene-3-
pyran-4-yl)-5-(4H-l,2,4-triazol-3- carbonitrile
yl)thiophene-3-carbonitrile35 36
4-(2,4-dichlorophenyl)-2-[(2R)-2-
4-(2,4-dichlorophenyl)-2-[2-(2-
ethylmorpholin-4-yl]-5-(4H-l,2,4-triazol-3-
hydroxyethyl)morpholin-4-yl]-5-(4H- 1,2,4-
yl)thiophene-3-carbonitrile
triazol-3-yl)thiophene-3-carbonitrile [0055] 4 General
Synthetic Methods and Intermediates: [0056] The
compounds of the present invention can be prepared by
methods known to one of ordinary skill in the art and
/ or by reference to the schemes shown below and the
synthetic examples that follow. Exemplary synthetic
routes are set forth in Schemes 1-11 below, and in the
Examples. [0057] Scheme 1: General route for the
synthesis of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-triazolesIII iv Method E Method F v i
VIl [0058] Scheme 1 above shows a general route for
preparing compounds of formula (vii). As shown 



in Scheme 1, conversion of amide i to thioamide ii can
be accomplished using a suitable reagent, such as
Lawesson' s reagent, in THF (Method A). Thioamide ii
can be coupled with acyl chlorides in the presence of
an appropriate base, such as DIPEA, in ACN (Method B)
to afford compounds of formula iii, that can be
subsequently coupled with a suitable a-haloacetate
ester, such as iodoethylacetate or bromoethylacetate
in a one-pot process using microwave irradiation to
afford substituted thiophenes iv (Method C). Esters iv
can be hydrolyzed using a suitable base, such as NaOH
in aqueous conditions using cosolvents, such as THF
and MeOH to afford carboxylic acids v (Method D).
Amides vi can be obtained by coupling of compounds v
with ammonia using a suitable coupling reagent, such
as EDCI and HOBT in DCM (Method E). Treatment of
compounds vi with DMFDMA under microwave irradiation
gives intermediate enamines, that are transformed to
triazoles vii using hydrazine in acetic acid under
microwave irradiation. [0059] Scheme 2: Alternative
synthesis of 3-substituted
4-cyano-5-morpholin-4-ylthiophene-2- triazulesMethod I
Method E Vl vii [0060] Scheme 2 above shows a general
route for preparing compounds of formula (iv). As
shown in Scheme 2, viii is treated with ethyl
thioacetate in the presence of a suitable base, such
as TEA in MeOH under elevated temperature to afford ix
(Method G), which is subjected to Sandmeyer reaction
using appropriate reagents, such as methylene iodide
and amyl nitrite in ACN (Method H). The product x is
then oxidized to sulfone xi using an appropriate
oxidant, such as m-CPBA in DCM (Method I).
Displacement of a sulfone is achieved using morpholine
in THF at elevated temperature (Method J) to give xii.
Suzuki coupling of the latter compound with boronic
acids is achieved using an appropriate catalyst, such
as Pd(PPh3)4, in the presence of a suitable base, such
as sodium carbonate in DME-water mixture under
microwave conditions to afford compounds of formula iv
(Method K). Transformation of esters iv to triazoles
vii is carried out as described in Scheme 1.[0061]
Scheme 3: Alternative route for the synthesis of
substituted 4-cyano-3-aryl-5-
(morpholine-4-yl)thiophene-2-carboxamides Method E
Method N xvi xvii Method F VIl [0062] Scheme 3 above
shows a general route for preparing compounds of
formula (xvii). As shown in Scheme 3, ester x is
hydrolyzed using a suitable base, such as sodium
hydroxide in aqueous conditions, 



to give carboxylic acid xiii (Method D). Formation of
amide xiv is done using an appropriate coupling
reagent, such as EDCI and HOBT in DCM followed by
treatment with aqueous ammonia (Method E). Thioether
xiv can be oxidized to sulfone xv using a suitable
oxidant, such as mCPBA in DCM (Method L). The latter
compound is subjected to Suzuki coupling conditions
with an appropriate combination of aryl boronic acid,
Pd source, such as Pd(dba)2, ligand, such as dpePhos,
and a base, such as potassium phosphate in DME/DMA
solvent mixture under microwave irradiation to afford
advanced intermediate of formula xvi (Method M).
Treatment of sulfones xvi with neat substituted
morpholines under elevatedtemperature affords amides
of formula xvii (Method N). Transformation of amides
xvii to triazoles vii is carried out as described in
Scheme 1. [0063] Scheme 4 : General route for the
synthesis of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-imidazoles Method O u xviii XIX XX
[0064] Scheme 4 above shows a general route for
preparing compounds of formula (xx). As shown in
Scheme 4, acid v is treated with Boc protected
ethylenediamine using standard coupling conditions,
such as EDCI and HOBt in DCM. Protective group is
removed using an appropriate acid, for example TFA in
DCM to give amide xviii (Method O). Cyclization of
xviii is achieved using suitable conditions, for
example POCl 3 (Method P) and the formed
dihydroimidazole xix is oxidized to imidazole xx using
a suitable oxidative method, such as Swern oxidation
(Method Q). [0065] Scheme 5: Alternative synthesis of
3-substituted 4-cyano-5-morpholin-4-ylthiophene-2-
imidazolesR6 H2N r < NH MMeetthhoodd Ss XXl XlX XX
[0066] Scheme 5 above shows an alternative route for
preparing compounds of formula (xx). A s shown in
Scheme 5 , acid v is transformed to an aldehyde using
a suitable synthetic sequence, for example through a
coupling with N,O-dimethylhydroxylamine and subsequent
reduction of the formed Weinreb amide with DIBAL
(Method R). Aldehyde xxi is then treated with diamine
and iodine (Method S) to form dihydroimidazole xix,
which is oxidized to imidazole xx using a suitable
oxidating method, such a s Swern oxidation (Method Q).



[0067] Scheme 6: General route for the synthesis of
3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-imidazoles XXlV XXV[0068] Scheme 6 above
shows an alternative route for preparing compounds of
formula (xcv). As shown in Scheme 6, acid v is
transformed to a ketone using a suitable synthetic
sequence, for example through a coupling with
,0-dimethylhydroxylamine and subsequent treatment of
the formed Weinreb amide with alkyllithium reagent
(Method T). Ketone xxii is then treated with bromine
in acetic acid under microwave irradiation (Method U)
to form dibromoketone xxiii, which is reduced to
bromoketone xxiv using a suitable method, such as
diethyl phosphate and a base, such as TEA (Method V).
Treatment of xxiv with formamide under microwave
irradiation affords the final imidazole xxv (Method
W). [0069] Scheme 7: General route for the synthesis
of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-pyrazoles [0070] Scheme 7 above shows a
general route for preparing compounds of formula
(xxvi). As shown in Scheme 7, ketone xxii is treated
with DMFDMA to afford an intermediate enamine followed
by reaction with hydrazine hydrate in a suitable
solvent, for example acetic acid to give pyrazole xxvi
(Method X). [0071] Scheme 8 : General route for the
synthesis of 3-substituted 4-cyano-5-morpholin-4-
ylthiophene-2-tetrazoles xxvii vi [0072] Scheme 8
above shows a general route for preparing compounds of
formula (xxvii). As shown in Scheme 8, amide vi is
treated with an azide source, for example sodium azide
using a suitable Lewis acid, for example silicon
tetrachloride in an appropriate solvent, such as
acetonitrile to give tetrazole xxvii (Method Y).[0073]
Scheme 9: General route for the synthesis of
3-substituted 4-cyano-5-dihydropyran-4-
ylthiophene-2-triazoles Xl xxviii XXlX Methods D, E
Method F xxxiixxxiii Method AC XXXlV XXXV [0074]
Scheme 9 above shows a general route for preparing
compounds of formula (xxxiv). As shown in Scheme 9,
sulfone xi is treated with dimethoxybenzylamine using
suitable conditions, for example TEA in THF at
elevated temperature. Suzuki coupling of the latter
compound with boronic acids 



is achieved using an appropriate catalyst, such as
Pd(PPh3)4, in the presence of a suitable base, such as
sodium carbonate in DME-water mixture under microwave
conditions to afford compounds of formula xxix (Method
K). Deprotection of dimethoxybenzyl group is achieved
with a suitable acid, such as TFA in DCM (Method AA).
Amines xxx are then subjected to Sandmeyer reaction
using appropriate reagents, such as methylene iodide
and amyl nitrite in ACN (Method H). Esters xxxi can be
hydrolyzed using a suitable base, such as NaOH in
aqueous conditions using cosolvents, such as THF and
MeOH to afford carboxylic acids (Method D) followed by
coupling with ammonia using a suitable coupling
reagent, such as EDCI and HOBT in DCM to give amides
xxxii (Method E). Treatment of amides xxxii with
DMFDMA under microwave irradiation gives intermediate
enamines that are transformed to triazoles xxxiii
using hydrazine in acetic acid under microwave
irradiation (Method F). Compounds xxxiii can be then
coupled with vinylstannanes under suitable conditions,
for example Pd(PPh3)4, CuI, LiCl in dioxane under
elevated temperature to give dihydropyrans xxxiv
(Method AB). Hydrogenation of the latter compounds
(Method AC) can afford tetrahydropyrans xxxv. [0075]
Scheme 10: General route for the synthesis
4-substituted-5-(4 H-l,2,4-triazol-3-yl)-l,3-
thiazol-2-yl]morpholinesxxxvi xxxvi XXXVII Method AE
XXXlX xl [0076] Scheme 10 above shows a general route
for preparing compounds of formula (xl). As shown in
Scheme 10, 2,4-dichlorothiazole-5-carbonitrile is
transformed to xxxvii by treatment with morpholine
(Method AD), which in turn is subjected to Suzuki
coupling under microwave conditions using standard
reagents, for example Pd(PPh3)2Cl2, sodium carbonate
in DME-ethanol-water mixture (Method K) to afford
compounds of formula xxxviii. Hydrolysis of the
nitrile group is achieved using a strong acid, such as
sulfuric acid (Method AE) to give amides xxxix, which
are transformed to triazoles xl using a two step
procedure involving treatment with DMFDMA under
microwave irradiation followed by hydrazine in acetic
acid under microwave irradiation (Method F). [0077]
Scheme 11: General route for the synthesis of
substituted furanes and pyrroles NC R2 xli xlii xliii
R1 NHCH2COOEt HCI TEA, EtOH xliv[0078] Compounds of
formula (/), where X = O or X = N(R) can be prepared
from compounds xliii. The synthesis of compounds of
formula xliii is reported in the literature
(Fernandez, M.-C; Castano, A.; 



Dominguez, E.; Escribano, A.; Jiang, D.; Jimenez, A.;
Hong, E.; Homback, W.J.; Nisenbaum, E.S.; Rankl, N.;
Tromiczak, E.; Vaught, G.; Zarrinmayeh, H.; Zimmerman,
D.M. Bioorg. Med. Chem. Lett., 2006, 66, 5057-5061),
and is outlined in Scheme 11. Deprotonation of
propionitriles xli followed by condensation with
carbon disulfide and subsequesnt quenching with methyl
iodide gives compounds of formula xlii. These
compounds can be further converted to furan ethyl
carboxylates xliii by cyclocondensation with
bromoethtyl acetate. Similarly, treatment of xlii with
-alkyl glycine esters affords alkylated pyrrole ethyl
carboxylates xliv. Compounds of formula xliii and xliv
can be further elaborated as described in Schemes 1-9
above. [0079] 5. Uses, Formulation and Administration
[0080] As discussed above, the present invention
provides compounds that are useful as inhibitors of
PI3K enzymes, and thus the present compounds are
useful for treating proliferative, inflammatory, or
cardiovascular disorders such as tumor and/or
cancerous cell growth mediated by PI3K. In particular,
the compounds are useful in the treatment of cancers
in a subject, including, but not limited to, lung and
bronchus, prostate, breast, pancreas, colon and recum,
thyroid, liver and intrahepatic bile duct,
hepatocellular, gastric, glioma/glioblastoma,
endometrial, melanoma, kidney, and renal pelvis,
urinary bladder, utering corpus, uterine cervix,
ovary, multiple myeloma, esophagus, acute myelogenous
leukemia, chronic myelogenous leukemia, lymphocytic
leukemia, myeloid leukemia, brain, oral cavity, and
pharynx, small intestine, non-Hodgkin lymphoma, and
villous colon adenoma. [0081] In some embodiments,
compounds of the invention are suitable for the
treatment of breast cancer, bladder cancer, colon
cancer, glioma, glioblastoma, lung cancer,
hepatocellular cancer, gastric cancer, melanoma,
thyroid cancer, endometrial cancer, renal cancer,
cervical cancer, pancreatic cancer, esophageal cancer,
prostate cancer, brain cancer, or ovarian cancer.
[0082] In other embodiments, compounds of the
invention are suitable for the treatment of
inflammatory and cardiovascular disorders including,
but not limited to, allergies/anaphylaxis, acute and
chronic inflammation, rheumatoid arthritis;
autoimmunity disorders, thrombosis, hypertension,
cardiac hypertrophy, and heart failure. [0083]
Accordingly, in another aspect of the present
invention, pharmaceutical compositions are provided,
wherein these compositions comprise any of the
compounds as described herein, and optionally comprise
a pharmaceutically acceptable carrier, adjuvant or
vehicle. In certain embodiments, these compositions
optionally further comprise one or more additional
therapeutic agents.[0084] It will also be appreciated
that certain of the compounds of present invention can
exist in free form for treatment, or where
appropriate, as a pharmaceutically acceptable
derivative thereof. According to the present
invention, a pharmaceutically acceptable derivative
includes, but is not limited to, pharmaceutically
acceptable prodrugs, salts, esters, salts of such
esters, or any other adduct or derivative 



which upon administration to a patient in need is
capable of providing, directly or indirectly, a
compound as otherwise described herein, or a
metabolite or residue thereof. [0085] As used herein,
the term "pharmaceutically acceptable salt" refers to
those salts which are, within the scope of sound
medical judgement, suitable for use in contact with
the tissues of humans and lower animals without undue
toxicity, irritation, allergic response and the like,
and are commensurate with a reasonable benefit/risk
ratio. A "pharmaceutically acceptable salt" means any
non-toxic salt or salt of an ester of a compound of
this invention that, upon administration to a
recipient, is capable of providing, either directly or
indirectly, a compound of this invention or an
inhibitorily active metabolite or residue thereof. As
used herein, the term "inhibitorily active metabolite
or residue thereof means that a metabolite or residue
thereof is also an inhibitor of PBK. [0086]
Pharmaceutically acceptable salts are well known in
the art. For example, S. M. Berge et al, describe
pharmaceutically acceptable salts in detail in J.
Pharmaceutical Sciences, 1977, 66, 1-19, incorporated
herein by reference. Pharmaceutically acceptable salts
of the compounds of this invention include those
derived from suitable inorganic and organic acids and
bases. Examples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an amino
group formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, phosphoric acid, sulfuric acid
and perchloric acid or with organic acids such as
acetic acid, oxalic acid, maleic acid, tartaric acid,
citric acid, succinic acid or malonic acid or by using
other methods used in the art such as ion exchange.
Other pharmaceutically acceptable salts include
adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate,
butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate,
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate,
lactobionate, lactate, laurate, lauryl sulfate,
malate, maleate, malonate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate,
3-phenylpropionate, phosphate, picrate, pivalate,
propionate, stearate, succinate, sulfate, tartrate,
thiocyanate, p-toluenesulfonate, undecanoate, valerate
salts, and the like. Salts derived from appropriate
bases include alkali metal, alkaline earth metal,
ammonium and N+(Ci_4alkyl)4 salts. This invention also
envisions the quaternization of any basic
nitrogen-containing groups of the compounds disclosed
herein. Water or oil-soluble or dispersable products
may be obtained by such quaternization. Representative
alkali or alkaline earth metal salts include sodium,
lithium, potassium, calcium, magnesium, and the like.
Further pharmaceuticallyacceptable salts include, when
appropriate, nontoxic ammonium, quaternary ammonium,
and amine cations formed using counterions such as
halide, hydroxide, carboxylate, sulfate, phosphate,
nitrate, loweralkyl sulfonate and aryl sulfonate.
[0087] As described above, the pharmaceutically
acceptable compositions of the present invention 



additionally comprise a pharmaceutically acceptable
carrier, adjuvant, or vehicle, which, as used herein,
includes any and all solvents, diluents, or other
liquid vehicle, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders,
lubricants and the like, as suited to the particular
dosage form desired. Remington's Pharmaceutical
Sciences, Sixteenth Edition, E. W. Martin (Mack
Publishing Co., Easton, Pa., 1980) discloses various
carriers used in formulating pharmaceutically
acceptable compositions and known techniques for the
preparation thereof. Except insofar as any
conventional carrier medium is incompatible with the
compounds of the invention, such as by producing any
undesirable biological effect or otherwise interacting
in a deleterious manner with any other component(s) of
the pharmaceutically acceptable composition, its use
is contemplated to be within the scope of this
invention. Some examples of materials which can serve
as pharmaceutically acceptable carriers include, but
are not limited to, ion exchangers, alumina, aluminum
stearate, lecithin, serum proteins, such as human
serum albumin, buffer substances such as phosphates,
glycine, sorbic acid, or potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, wool
fat, sugars such as lactose, glucose and sucrose;
starches such as corn starch and potato starch;
cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatin; talc;
excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed oil; safflower
oil; sesame oil; olive oil; corn oil and soybean oil;
glycols; such a propylene glycol or polyethylene
glycol; esters such as ethyl oleate and ethyl laurate;
agar; buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water;
isotonic saline; Ringer's solution; ethyl alcohol, and
phosphate buffer solutions, as well as other non-toxic
compatible lubricants such as sodium lauryl sulfate
and magnesium stearate, as well as coloring agents,
releasing agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and
antioxidants can also be present in the composition,
according to the judgment of the formulator. [0088] In
yet another aspect, a method for treating a
proliferative, inflammatory, or cardiovascular
disorder is provided comprising administering an
effective amount of a compound, or a pharmaceutical
composition to a subject in need thereof. In certain
embodiments of the present invention an "effective
amount" of the compound or pharmaceutical composition
is that amount effective for treating aproliferative,
inflammatory, or cardiovascular disorder, or is that
amount effective for treating cancer. In other
embodiments, an "effective amount" of a compound is an
amount which inhibits binding of PI3K and thereby
blocks the resulting signaling cascades that lead to
the abnormal activity of growth factors, receptor
tyrosine kinases, protein serine/threonine kinases, G
protein coupled receptors and phospholipid 



kinases and phosphatases. [0089] The compounds and
compositions, according to the method of the present
invention, may be administered using any amount and
any route of administration effective for treating the
disease. The exact amount required will vary from
subject to subject, depending on the species, age, and
general condition of the subject, the severity of the
infection, the particular agent, its mode of
administration, and the like. The compounds of the
invention are preferably formulated in dosage unit
form for ease of administration and uniformity of
dosage. The expression "dosage unit form" as used
herein refers to a physically discrete unit of agent
appropriate for the patient to be treated. It will be
understood, however, that the total daily usage of the
compounds and compositions of the present invention
will be decided by the attending physician within the
scope of sound medical judgment. The specific
effective dose level for any particular patient or
organism will depend upon a variety of factors
including the disease being treated and the severity
of the disease; the activity of the specific compound
employed; the specific composition employed; the age,
body weight, general health, sex and diet of the
patient; the time of administration, route of
administration, and rate of excretion of the specific
compound employed; the duration of the treatment;
drugs used in combination or coincidental with the
specific compound employed, and like factors well
known in the medical arts. The term "patient", as used
herein, means an animal, preferably a mammal, and most
preferably a human. [0090] The pharmaceutically
acceptable compositions of this invention can be
administered to humans and other animals orally,
rectally, parenterally, intracisternally,
intravaginally, intraperitoneally, topically (as by
powders, ointments, or drops), bucally, as an oral or
nasal spray, or the like, depending on the severity of
the infection being treated. In certain embodiments,
the compounds of the invention may be administered
orally or parenterally at dosage levels of about 0.01
mg/kg to about 50 mg/kg and preferably from about 1
mg/kg to about 25 mg/kg, of subject body weight per
day, one or more times a day, to obtain the desired
therapeutic effect. [0091] Liquid dosage forms for
oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions,
solutions, suspensions, syrups and elixirs. In
addition to the active compounds, the liquid dosage
forms may contain inert diluents commonly used in the
art such as, for example, water or other solvents,
solubilizing agents and emulsifiers such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene
glycol, 1,3-butylene glycol, dimethylformamide, oils
(in particular, cottonseed, groundnut, corn, germ,
olive, castor, andsesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and mixtures thereof.
Besides inert diluents, the oral compositions can also
include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, and
perfuming agents. [0092] Injectable preparations, for
example, sterile injectable aqueous or oleaginous
suspensions 



may be formulated according to the known art using
suitable dispersing or wetting agents and suspending
agents. The sterile injectable preparation may also be
a sterile injectable solution, suspension or emulsion
in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution, U.S.P. and
isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any
bland fixed oil can be employed including synthetic
mono- or diglycerides. In addition, fatty acids such
as oleic acid are used in the preparation of
injectables. [0093] The injectable formulations can be
sterilized, for example, by filtration through a
bacterialretaining filter, or by incorporating
sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in
sterile water or other sterile injectable medium prior
to use. [0094] In order to prolong the effect of a
compound of the present invention, it is often
desirable to slow the absorption of the compound from
subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of
crystalline or amorphous material with poor water
solubility. The rate of absorption of the compound
then depends upon its rate of dissolution that, in
turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a
parenterally administered compound form is
accomplished by dissolving or suspending the compound
in an oil vehicle. Injectable depot forms are made by
forming microencapsule matrices of the compound in
biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of
compound to polymer and the nature of the particular
polymer employed, the rate of compound release can be
controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by
entrapping the compound in liposomes or microemulsions
that are compatible with body tissues. [0095]
Compositions for rectal or vaginal administration are
preferably suppositories which can be prepared by
mixing the compounds of this invention with suitable
non-irritating excipients or carriers such as cocoa
butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body
temperature and therefore melt in the rectum or
vaginal cavity and release the active compound. [0096]
Solid dosage forms for oral administration include
capsules, tablets, pills, powders, and granules. In
such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable
excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a)fillers or extenders such
as starches, lactose, sucrose, glucose, mannitol, and
silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, c)
humectants such as glycerol, d) disintegrating agents
such as agar-agar, calcium carbonate, potato or
tapioca starch, alginic acid, certain silicates, and
sodium carbonate, e) solution retarding agents such as



paraffin, f) absorption accelerators such as
quaternary ammonium compounds, g) wetting agents such
as, for example, cetyl alcohol and glycerol
monostearate, h) absorbents such as kaolin and
bentonite clay, and i) lubricants such as talc,
calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof. In the case of capsules, tablets and
pills, the dosage form may also comprise buffering
agents. [0097] Solid compositions of a similar type
may also be employed as fillers in soft and
hard-filled gelatin capsules using such excipients as
lactose or milk sugar as well as high molecular weight
polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such
as enteric coatings and other coatings well known in
the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be
of a composition that they release the active
ingredient(s) only, or preferentially, in a certain
part of the intestinal tract, optionally, in a delayed
manner. Examples of embedding compositions that can be
used include polymeric substances and waxes. Solid
compositions of a similar type may also be employed as
fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugar as well as
high molecular weight polethylene glycols and the
like. [0098] The active compounds can also be in
micro-encapsulated form with one or more excipients as
noted above. The solid dosage forms of tablets,
dragees, capsules, pills, and granules can be prepared
with coatings and shells such as enteric coatings,
release controlling coatings and other coatings well
known in the pharmaceutical formulating art. In such
solid dosage forms the active compound may be admixed
with at least one inert diluent such as sucrose,
lactose or starch. Such dosage forms may also
comprise, as is normal practice, additional substances
other than inert diluents, e.g., tableting lubricants
and other tableting aids such a magnesium stearate and
microcrystalline cellulose. In the case of capsules,
tablets and pills, the dosage forms may also comprise
buffering agents. They may optionally contain
opacifying agents and can also be of a composition
that they release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal
tract, optionally, in a delayed manner. Examples of
embedding compositions that can be used include
polymeric substances and waxes. [0099] Dosage forms
for topical or transdermal administration of a
compound of this invention include ointments, pastes,
creams, lotions, gels, powders, solutions, sprays,
inhalants or patches. The active component is admixed
under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or
buffers as may be required. Ophthalmic formulation,
ear drops, and eye drops arealso contemplated as being
within the scope of this invention. Additionally, the
present invention contemplates the use of transdermal
patches, which have the added advantage of providing
controlled delivery of a compound to the body. Such
dosage forms can be made by dissolving or dispensing
the compound in the proper medium. Absorption
enhancers can also be used to increase the flux of the



compound across the skin. The rate can be controlled
by either providing a rate controlling membrane or by
dispersing the compound in a polymer matrix or gel.
[00100] While one or more of the inventive compounds
may be used in an application of monotherapy to treat
a disorder, disease or symptom, they also may be used
in combination therapy, in which the use of an
inventive compound or composition (therapeutic agent)
is combined with the use of one or more other
therapeutic agents for treating the same and/or other
types of disorders, symptoms and diseases. Combination
therapy includes administration of the therapeutic
agents concurrently or sequentially. Alternatively,
the therapeutic agents can be combined into one
composition which is administered to the patient.
[00101] In one embodiment, the compounds of this
invention are used in combination with other
therapeutic agents, such as other inhibitors of PBK.
In some embodiments, a compound of the invention is
administered in conjunction with a therapeutic agent
selected from the group consisting of cytotoxic
agents, radiotherapy, and immunotherapy. It is
understood that other combinations may be undertaken
while remaining within the scope of the invention.
[00102] Another aspect of the invention relates to
inhibiting PI3K, activity in a biological sample or a
patient, which method comprises administering to the
patient, or contacting said biological sample with a
compound of formula I or a composition comprising said
compound. The term "biological sample", as used
herein, generally includes in vivo, in vitro, and ex
vivo materials, and also includes, without limitation,
cell cultures or extracts thereof; biopsied material
obtained from a mammal or extracts thereof; and blood,
saliva, urine, feces, semen, tears, or other body
fluids or extracts thereof. [00103] Still another
aspect of this invention is to provide a kit
comprising separate containers in a single package,
wherein the inventive pharmaceutical compounds,
compositions and/or salts thereof are used in
combination with pharmaceutically acceptable carriers
to treat disorders, symptoms and diseases where PI3K
kinase plays a role. EXPERIMENTAL PROCEDURES [00104] I
. PREPARATION OF EXEMPLARY COMPOUNDS: [00105]
DefinitionsAcOH acetic acid ACN acetonitrile ATP
adenosine triphosphate BCA bicinchoninic acid BSA
bovine serum albumin BOC trf-butoxycarbonyl m-CPBA
m-chloroperbenzoic acid 



DCE dichloroethane DCM dichloromethane DDQ
2,3-dichloro-5,6-dicyano-l,4-benzoquinone DIPEA
diisopropylethyl amine DMEM Dulbecco's Modified
Eagle's Medium DMF N, -dimethylformamide DMFDMA N,
-dimethylformamide dimethyl acetal DMSO
dimethylsulfoxide DPPA diphenylphosphoryl azide DTT
dithiothreitol dppf diphenylphosphinoferrocene EDCI
N-(3-dimethylaminopropyl)-N' -ethylcarbodiimide
hydrochloride EDTA ethylenediaminetetraacetic acid
EtOAc ethyl acetate EtOH ethanol FA formic acid FBS
fetal bovine serum h hours HATU N, N, N\
N'-tetramethyl-o-(7-azabenzotriazole-l-yl)uronium
hexafluorophosphate HBTU o-benzotriazol-1-yl-N, N, N',
N'-tetramethyluronium hexafluorophosphate HEPES
N-(2-Hydroxyethyl)piperazine-/V'-(2-ethanesulfonic
acid) HOBT 1-hydroxybenztriazole hydrate HRMS high
resolution mass spectrum LAH lithium aluminum hydride
LCMS liquid chromatography mass spectrum m/z mass to
chargeMe methyl MeOH methanol min minutes MS mass
spectrum MTT methylthiazoletetrazolium MWI microwave
irradiation 



PBS phosphate buffered saline PKA cAMP-dependent
protein kinase it room temperature TEA triethylamine
TFFA trifluoroacetic anhydride THF tetrahydrofuran TMB
3,3',5,5'-Tetramethylbenzidine WST
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2
H-5-tetrazolio]-l,3- benzene disulfonate sodium salt)
[00106] Analytical LC-MS Methods [00107] LCMS
conditions [00108] Spectra were run on a Phenominex
Luna 5mm C18 50 x 4.6 mm column on a Hewlett- Packard
HPl 100 using the following gradients: - Method Formic
Acid (FA): Acetonitrile containing 0 to 100 percent
0.1 % formic acid in water (2.5 ml/min for a 3 minute
run). - Method Ammonium Acetate (AA): Acetonitrile
containing 0 to 100 percent 10 mM ammonium acetate in
water (2.5 ml/min for a 3 minute run). [00109] Example
1: Synthesis of
4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-(4
H-l,2,4-triazol-3- yl)thiophene-3-carbonitriIe
(Compound 1-25)[00110] Step 1:
3-morpholin-4-yl-3-thioxopropanenitriIe [00111] To a
solution of 3-morpholin-4-yl-3-oxopropanenitrile (3.0
g, 19.5 mmol) in anhydrous THF (45 mL) was added
Lawesson's reagent (4.2 g, 10.3 mmol). The reaction
mixture was allowed to stir at rt for 16 h and was
then concentrated to small volume. A solid
precipitated and was filtered. The solid was washed
with diethyl ether to give
3-morpholin-4-yl-3-thioxopropanenitrile (2.3 g, 70 %).
LCMS: (AA) ES+ 171.2. 1H NMR (400 MHz, d,-chloroform)
5: 4.29-4.27 (m, 2H), 4.00 (s, 2H) and 3.83-3.81 (m,
6H). [00112] Step 2 and 3: Ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophe
ne-2- carboxylate [00113] A solution of
3-morpholin-4-yl-3-thioxopropanenitrile (0.150 g, 0.88
mmol) in anhydrous ACN (1.2 mL) was cooled to 0 0C. To
this cooled solution was added of 2,4-dichlorobenzoyl
chloride (0.149 mL, 1.06 mmol) and DIPEA (0.161 mL,
0.93 mmol). The mixture was allowed to stir at rt
under nitrogen for 15 min before ethyl iodoacetate
(0.110 mL, 0.93 mmol) and DIPEA (0.161 mL, 0.93 mmol)
were added. The reaction mixture was subjected to MWI
at 140 0C for 10 min. The mixture was allowed to cool
and was concentrated. The residue was purified by
column chromatography to give ethyl 4-cyano-
3-(2,4-dichloiOphenyl)-5-morpholin-4-ylthiophene-2-car
boxyIate (0.1 g, 28 %). LCMS: (AA) ES+ 411. 



1H NMR (400 MHz, /-chloroform) d: 7.49 (d, IH), 7.33
(dd, IH), 7.20 (d, IH), 4.16-4.08 (m, 2H), 3.89- 3.85
(m, 4H), 3.66-3.63 (m, 4H) and 1.12 (t, 3H).[00114]
Step 4:
4-cyano-3-(2,4-dichIorophenyl)-5-morpholin-4-ylthiophe
ne-2-carboxylic acid [00115] To a solution of ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-mo f
holin-4-ylthiophene-2- carboxylate (0.060 g, 0.15
mmol) in THF/MeOH/water (2:1:2) (5 mL) was added
sodium hydroxide (0.061 g, 1.5 mmol). The reaction
mixture was allowed to stir at rt for 20 h and was
concentrated. The residue was acidified with IN HCl
and was extracted with EtOAc. The organic solutions
were combined, washed with brine, dried over MgSO4,
filtered and concentrated to give
4-cyano-3-(2,4-dichlorophenyl)-
5-morpholin-4-ylthiophene-2-carboxylic acid (0.034 g,
62 %). LCMS: (FA) ES+ 382.9. 1H NMR (400 MHz, d6-OMSO)
d: 7.75 (d, IH), 7.50 (dd, IH), 7.39 (d, IH),
3.79-3.74 (m, 4H) and 3.61-3.55 (m, 4H). [00116] Step
5:
4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophe
ne-2-carboxamide [00117]
4-Cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophe
ne-2-carboxylic acid (0.050 g, 0.13 mmol), HOBT (0.037
g, 0.274 mmol) and EDCI (50 mg, 0.261 mmol) were
suspended in DCM (6.5 mL). After 30 min the reagents
dissolved. To the resulting solution was added
concentrated aqueous ammonia (0.26 mL, 6.5 mmol) and
the solution was allowed to stir vigorously at rt
overnight. The reaction mixture was concentrated and
the residue was diluted with IN HCl and extracted with
EtOAc. The organic solutions were combined, washed
with sat NaHCO3 and brine, dried over MgSO4 filtered
and concentrated to give a brown solid. The solid was
triturated with hexanes and cold EtOAc to give 4-
cyano-3-(2,4-dichlorophenyl)-5-mo f
holin-4-ylthiophene-2-carboxamide (0.024 g, 49%).
LCMS: (AA) ES+ 382, ES- 380. 1H NMR (400 MHz, 6-DMSO)
5: 7.78 (s, IH), 7.54 (d, 2H), 7.43 (d, 2H), 3.79-3.77
(m, 4H) and 3.55-3.52 (m, 4H). [00118] Step 6:
Synthesis of
4-(2,4-dichlorophenyl)-2-morpholin-4-yl-5-(4
-l,2,4-triazol-3- yl)thiophene-3-carbonitrile [00119]
A mixture of
4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophe
ne-2-carboxamide (31.6 mg, 0.0000827 mol) in
1,1-dimethoxy-N,N-dimethylmethanamine (1.0 mL, 0.0075
mol) was flushed with argon and then irradiated in
microwave at 160 C for 60 min. The reaction mixture
was concentrated to give
4-cyano-3-(2,4-dichlorophenyl)-N-((dimethylamino)methy
lene)-5- morpholinothiophene-2-carboxamide as
intermediate (31mg, 86%). LCMS: (FA) ES+ 437.13. 1H
NMR (400 MHz, -DMSO) 6 : 8.34 (s, IH), 7.69 (d, IH),
7.47 (d, IH), 7.33 (d, IH), 3.79-3.74 (m, 4H), 3.59-
3.54 (m, 4H), 3.07 (s, 3H), 2.72 (s, 3H). To the above
intermediate in AcOH (1.8 mL, 0.032 mol) was added
hydrazine hydrate (50 mg, 0.001 mol). The mixture was
flushed with argon and then irradiated in microwave at
120 0C for 20 min. The mixture was concentrated to
remove most of the solvent. Water was added to the
residue and the precipitate was collected, washed with
water, dried to afford 4-(2,4- dichlorophenyl)-2-mo f
holino-5-(4H-l,2,4-triazol-3-yl)thiophene-3-carbonitri
le (12.8mg, 55%). LCMS:(FA) ES+ 406.11, ES- 404.21, 1H
NMR (400 MHz, -DMSO) d: 14.00 (s, IH), 8.43 (s, IH),
7.74 (d, 



IH), 7.49 (d, IH), 7.41 (d, IH), 3.82-3.76 (m, 4H),
3.56-3.51 (m, 4H). [00120] Compounds in the following
table were prepared from the appropriate starting
materials in a method analogous to that of Example 1:
[00121] Example 2 :
4-(2,4-dichlorophenyl)-2-(2-(fluoromethyl)morphoIino)-
5-(4H-l,4-triazoI- 3-yl)thiophene-3-carbonitrile
(Compound 1-11)[00122] Step 1: Ethyl
3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-carboxyl
ate [00123] A mixture of
[bis(methylsulfanyl)methylene]malononitrile (40 g, 230
mmol), ethylthioglycolate (29 g , 230 mmol) and TEA
(24 mL, 173 mmol) in MeOH (600 mL) was allowed to stir
at reflux for 2 h. The reaction mixture was allowed to
cool overnight and the precipitate was filtered off,
washed with cold MeOH (3x50 mL) to give ethyl
3-amino-4-cyano-5-(methyIsulfanyl)thiophene-2-
carboxylate (52.4 g, 99 %). LCMS: (FA) ES+ 275.
[00124] Step 2 : Ethyl
4-cyano-3-iodo-5-(methyIsulfanyl)thiophene-2-carboxyla
te [00125] Ethyl
3-amino-4-cyano-5-(methylsulfanyl)thiophene-2-carboxyl
ate (10 g, 41.3 mmol) was dissolved in acetonitrile
(50 mL) under atmosphere of argon. Diiodomethane (11.6
mL, 0.144 mol) was added and the mixture was heated at
400C. Isoamyl nitrite (12.1g, 0.103 mol) was added and
the reactionwas allowed to cool to room temperature
and stirred for 2 hours. Mixture was cooled down at
00C, diluted with hexane (50 mL) and the precipitate
was filtered off, washed with 10:1 hexane-acetonitrile
mixture (10 mL), 3:1 hexane-ether (10 mL) and hexane
(10 mL). The precipitate was dried to afford ethyl 4-
cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxylate
(6.90 g, 45%). LCMS: (FA) ES+ 354. 1H NMR (400 MHz,
rfy-chloroform) d:4.38 (q, 2H), 2.70 (s, 3H), 1.40 (t,
3H). [00126] Step 3: Ethyl
4-cyano-3-iodo-5-(methyIsulfonyl)thiophene-2-carboxyla
te [00127] Ethyl
4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxyla
te (7.2 g, 20.4 mmol) was dissolved in DCM (200 mL)
and THF (100 mL) and m-CPBA (9.14 g, 40.8 mmol) was
added. The reaction mixture was stired at rt
overnight. Sodium sulfite (5.14 g, 40.8 mmol) was
added, stirred for 10 minutes followed by addition of
potassium carbonate (8.45, 61.2 mmol). The suspension
was stirred at rt for 1 hour and filtered through
celite, washed with DCM and the solvent was evaporated
to afford ethyl 3-
iodo^-cyano-5-(methylsulfonyl)thiophene-2-carboxylate
(6.80 g, 78%). LCMS: (FA) ES+ 386. 1H NMR (400 MHz, r
chloroform) d:4.45 (q, 2H), 3.38 (s, 3H), 1.43 (t,
3H). [00128] Step 4 : Ethyl
4-cyano-5-(2-(fluoromethyl)morpholino)-3-iodothiophene
-2-carboxylate [00129] A mixture of ethyl
4-cyano-3-iodo-5-(methylsulfonyl)thiophene-2-carboxyla
te (718 mg, 0.00186 mol), 2-(fluoromethyl)rnorpholine
hydrochloride (348 mg, 0.00224 mol) and TEA (1.0 mL,
0.0072 mol) in THF (7.1 mL, 0.088 mol) was flushed
with argon and then heated at 90 0C overnight. The
reaction mixture was concentrated and purified by
column chromatography to give ethyl 4-cyano-5-(2-
(fluoromethyl)mo f
holino)-3-iodothiophene-2-carboxylate (288mg, 36.4%).
LCMS: (FA) ES+ 425, 1H NMR (400 MHz, d,-chloroform) d:
4.57 (d, IH), 4.46 (d, IH), 4.34 (q, 2H), 4.12-4.05
(m, IH), 4.02-3.77 



(m, 4H), 3.34-3.25 (m, IH), 3.22-3.14 (m, IH), 1.37
(t, 3H). [00130] Step 5: ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morp
holino)thiophene- 2-carboxylate [00131] A mixture of
ethyl 4-cyano-5-(2-(fluoromethyl)mo f
holino)-3-iodothiophene-2-carboxylate (288 mg,
0.000679 mol), 2,4-dichlorophenylboronic acid (262 mg,
0.00137 mol), tetrakis(triphenylphosphine)palladium(0)
(51 mg, 0.000044 mol) and sodium carbonate (220 mg,
0.0021 mol) in water (3 mL, 0.1 mol) and
1,2-dimethoxyethane (10 mL, 0.1 mol) was flushed with
argon and then irradiated in microwave at 140 0C for
12 min. The reaction mixture was filtered and
concentrated in vacuum to afford ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morp
holino)thiophene-2- carboxylate (300mg, 99%). LCMS:
(FA) ES+ 443.15. [00132] Step 6:
4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)morp
holino)thiophene-2- carboxylic acid[00133] A mixture
of ethyl 4-cyano-3-(2,4-dichlorophenyl)-5-(2-
(fluoromethyl)mo f holino)thiophene-2-carboxylate (300
mg, 0.00054 mol), Sodium hydroxide (0.12 g, 0.0030
mol) in EtOH (10.0 mL, 0.171 mol) and water (3.0 mL,
0.17 mol) was stirred at rt until completion by LCMS.
The mixture was concentrated and the residue was
acidified by INTHCl. The precipitate was collected and
dried in air and vacuum to afford
4-cyano-3-(2,4-dichlorophenyl)-5-(2-
(fluoromethyl)morpholino)thiophene-2-carboxylic acid
(225mg, 99%). LCMS: (FA) ES+ 415, ES- 413. [00134]
Step 7:
4-cyano-3-(2,4-dichIorophenyl)-5-(2-(fluoromethyl)morp
holino)thiophene-2- carboxamide [00135] A mixture of
4-cyano-3-(2,4-dichlorophenyl)-5-(2-(fluoromethyl)mo f
holino)thiophene-2- carboxylic acid (68.0 mg, 0.000164
mol), 33% ammonium hydroxide (33:67, ammonia:water,
0.1416 mL), EDCI (94.2 mg, 0.000491 mol) and 1-HOBT
(66.4 mg, 0.000491 mol) in DCM (7 mL, 0.1 mol) was
stirred at rt overnight. The reaction mixture was
diluted with DCM and washed with water, the organic
layer was dried and purified by column
chloromatography to afford
4-cyano-3-(2,4-dichlorophenyl)-5-(2-
(fluoromethyl)morpholino)thiophene-2-carboxamide (38
mg, 56%). LCMS: (FA) ES+ 414, ES- 412; 1H NMR (400
MHz, r chloroform) 5: 7.59 (d, IH), 7.42 (dd, IH),
7.31 (d, IH), 6.00 (s, IH), 4.50 (dd, 2H), 4.12-4.08
(m, 2H), 4.00-3.78 (m, 4H), 3.36-3.25 (m, IH),
3.22-3.15 (m, IH) [00136] Step 8:
4-(2,4-dichIorophenyl)-2-(2-(fluoromethyl)morpholino)-
5-(4H-l^,4-triazol-3- yI)thiophene-3-carbonitrile
[00137] A solution of
4-cyano-3-(2,4-dichlorophenyl)-5-[2-(fluoromethyl)mo f
holin-4-yl]thiophene- 2-carboxamide (38 mg, 0.000092
mol) in 1,1-dimethoxy-N,N-dimethylmethanamine (2.0 mL,
0.015 mol) was irradiated in microwave at 160 0C for
40min. The solvent was removed and the residue was
dissolved in AcOH (1.6 mL, 0.028 mol). Hydrazine
monohydrate (0.3 mL, 0.006 mol) was added and the
mixture 



was irradiated in microwave at 120 0C for lOmin. The
reaction mixture was concentrated and the residue was
treated with water, the solid was collected, dried to
afford 4-(2,4-dichlorophenyl)-2-(2- (fluoromethyl)mo f
holino)-5-(4H-l,2,4-triazol-3-yl)thiophene-3-carbonitr
ile (23.5mg, 60%). LCMS: (FA) ES+ 438 , ES- 436 ; 1H
NMR (400 MHz, -DMSO) d: 8.01 (s, IH), 7.57 (d, IH),
7.39 (dd, IH), 7.32 d, IH), 4.59 (t, IH), 4.47 (t,
IH), 4.08-4.01 (m, IH), 4.00-3.81 (m, 5H), 3.32-3.20
(m, IH), 3.18- 3.09 (m, IH). [00138] Compounds in the
following table were prepared from the appropriate
starting materials in a method analogous to that of
Example 2 :[00139] Example 3: Synthesis of
4-(2,4-dichlorophenyl)-2-[2-(hydroxymethyl)morpholin-4
-yl]-5-
(4H-l,2,4-triazol-3-yl)thiophene-3-carbonitrile
(Compound 1-27) EDCI HOBTJNH3 AcOH [00140] Step 1:
4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxyli
c acid [00141] To a solution of ethyl
4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxyla
te (3.40 g, 10 mmol) in tetrahydrofuran (80 mL) and
water (16 mL) was added a solution of LOOM sodium
hydroxide in water (30 mL). The solution was allowed
to stir overnight. The reaction was quenched with a
solution of IN hydrogen chloride in water (5OmL) and
diluted with water (400 mL). The resultant precipitate
was filtered, washed with water (2 x 100 mL) and dried
in a vacuum oven to give 4-cyano-3-iodo-5-
(methylsulfanyl)thiophene-2-carboxylic acid (2.6 g,
79%) as a white solid. LCMS: (FA) ES+ 326. 1H NMR (400
MHz, Cl 6-OMSO) 6 : 14.1-13.8 (bs, IH), 2.75 (s,
3H).[00142] Step 2 :
4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxami
de [00143] To a suspension of
4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxyli
c acid (2.85 g, 7.93 mmol) in methylene chloride (30
mL), were added N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (3.28 g, 17.1 mmol)
and 1-hydroxy benzotriazole (2.27 g, 16.8 mmol). The
reaction mixture was stirred at room temperature for
two hours and ammonium hydroxide (15.4 mL) was added
and the biphasic mixture was stirred at room
temperature for two hours. Water (100 mL), methanol
(50 mL), methylene chloride (200 mL) was added. The
organic layer was removed. The aqueous layer was
extracted five times with a solution of 20% methanol
in methylene chloride (100 mL). The combined organic
extracts were dried over anhydrous magnesium sulfate,
filtered and concentrated to the title compound as
dark red oil (1.47 g, 57%). LCMS: (FA) ES+ 325.
[00144] Step 3:
4-cyano-3-iodo-5-(methylsuIfonyl)thiophene-2-carboxami
de [00145] To a solution of
4-cyano-3-iodo-5-(methylsulfanyl)thiophene-2-carboxami
de (1.46 g, 4.50 mmol) in methylene chloride (60 mL),
tetrahydrofuran (20 mL), N,N-dimethylformamide (20
mL), mchloroperbenzoic acid (5.05 g, 22.5 mmol) was
added and the mixture was stirred at room temperature
overnight. The methylene chloride was removed in
vacuo. The remaining residue was diluted with ethyl 



acetate (200 mL) and washed three times with a
solution of LOOM sodium hydroxide in water (50 mL).
The organic phase was removed and the aqueous phase
was extracted five times with ethyl acetate (100 mL).
The combined organic extracts were washed twice with a
solution of 1.00M sodium hydroxide in water (50 mL).
The organic extracts were concentrated in vacuo. The
residue was suspended in water (100 mL) and a
precipitate formed. The precipitate was filtered,
washed with water (40 mL), hexanes (100 mL), and dried
in a vacuum oven to give the title compound as a white
solid (1.00 g, 62%). LCMS: (FA) ES+ 357. 1H NMR (400
MHz, -DMSO) 6: 8.16 (s, 2H), 3.56 (s, 3H). [00146]
Step 4:
4-cyano-3-(2,4-dichlorophenyl)-5-(methylsulfonyl)thiop
hene-2-carboxamide [00147]
4-cyano-3-iodo-5-(methylsulfonyl)thiophene-2-carboxami
de (0.500 g, 1.40 mmol),
bis(dibenzylideneacetone)palladium (0.040 g, 0.0700
mmol), bis(2-diphenylphosphinophenyl)ether (0.057 g,
0.100 mmol), and potassium phosphate (0.596 g, 2.81
mmol) were suspended in 1,2- dimethoxyethane (10.0 mL)
and N,7V-dimethylacetamide (5 mL). The suspension was
flushed with argon and the reaction mixture was
irradiated in microwave at 150 0C (300 watts) for
three hours. The reaction mixture was concentrated in
vacuo and column chromatography was performed to yield
the title compound (0.080 g, 14%) as beige foam. 1H
NMR (400 MHz, ^-methanol) d: 7.71-7.69 (m, IH), 7.52-
7.50 (m, 2 H), 3.46 (s, 3H). [00148] Step 5 :
4-cyano-3-(2,4-dichlorophenyl)-5-[2-(hydroxymethyl)mor
pholin-4-yl]thiophene- 2-carboxamide[00149]
4-cyano-3-(2,4-dichlorophenyl)-5-(methylsulfonyl)thiop
hene-2-carboxamide (0.026 g, 0.069 mmol) was dissolved
in 2-hydroxymethylmorpholine (0.300 g, 2.56 mmol) and
the solution was heated at 60 0C overnight. The
residue was concentrated in vacuo and column
chromatography was performed and yielded
4-cyano-3-(2,4-dichlorophenyl)-5-[2-(hydroxymethyl)mor
pholin-4-yl]thiophene-2-carboxamide (0.020 g, 66%) as
a white solid. LCMS: (FA) ES+ 412. 1H NMR (400 MHz,
^-methanol) d: 7.76 (s, IH), 7.49 (d, IH), 7.40 (d,
IH), 4.08-3.92 (m, 3H), 3.84-3.72 (m, 2H), 3.69-3.59
(m, 2H), 3.15-3.08 (m, 2H). [00150] Step 6: Synthesis
of 4-(2,4-dichlorophenyl)-2-[2-(hydroxymethyl)morpho
lin-4-yl]-5-
(4H-l,2,4-triazol-3-yI)thiophene-3-carbonitrile A
mixture of
4-cyano-3-(2,4-dichlorophenyl)-5-[2-(hydroxymethyl)mo
f holin-4-yl]thiophene-2- carboxamide (115 mg, 0.279
mmol) in l,l-dimethoxy-N,N-dimethylmethanamine (3.44
mL, 0.025 mol) was flushed with argon and then
irradiated in microwave at 160 0C for 60 min. The
reaction mixture was concentrated to give
4-cyano-3-(2,4-dichlorophenyl)-
N-[(l)-(dimethylamino)methylene]-5-[2-(hy droxymethyl)
mof holin-4-yl]thiophene-2-carboxamide (130 mg, 99%).
LCMS: (FA) ES+ 467. To the above intermediate in AcOH
(4.3 mL, 0.076 mol) was added hydrazine hydrate (100
mg, 0.003 mol). The mixture was flushed with argon and
then irradiated in microwave at 120 0C for 20 min. The
mixture was 



concentrated to remove the solvent. The residue was
purified using ISCO chromatography on silica gel,
elution 1:1 hexane-ethyl acetate to ethylacetate to
afford 4-(2,4-dichlorophenyl)-2-[2- (hydroxymethyl)mof
holin-4-yl]-5-(4H-l,2,4-triazol-3-yl)thiophene-3-carbo
nitrile (90 mg, 70%). LCMS: (FA) ES+ 436, 1H NMR (400
MHz, -methanol) d: 8.28 (s, IH), 7.55 (d, IH), 7.41
(dd, IH), 7.34 (d, IH), 4.12-3.72 (m, 5H), 3.68-3.61
(m, 2H), 3.30-3.20 (m, IH), 3.12-3.02 (m, IH). [00151]
Compounds in the following table were prepared from
the appropriate starting materials in a method
analogous to that of Example 3 : [00152] Example 4:
Synthesis of
4-(2,4-dichlorophenyl)-5-(lH-imidazol-2-yl)-2-morpholi
ne-3- carbonitrile (Compound 1-22) [00153]HBoc xviii
xix xx [00154] Step 1:
N-(2-aminoethyI)-4-cyano-3-(2,4-dichlorophenyl)-5-morp
holin-4- ylthiophene-2-carboxamide [00155] To a
solution of
4-cyano-3-(2,4-dichlorophenyl)-5-morpholin-4-ylthiophe
ne-2-carboxylic acid (3.10 g, 8.2 mmol) and
N-(2-aminoethyl)(tert-butoxy)carboxamide (1.98 gr,
12.3 mmol) in methylene chloride (60 mL) was added
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (3.15 gr, 16.4 mmol) and
1-hydroxybenzotriazole (2.22 gr, 16.4 mmol) at room
temperature. The solution was allowed to stir
overnight. The reaction was diluted with methylene
chloride and water. The layers were separated and the
organic layer was dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo. The residue was
purified by column chromatography to give the
intermediate boc-protected product as a yellow solid.
The material was dissolved in dioxane (4 mL) and a
solution 4N HCl in dioxane (9 mL) was added. The
solution was stirred at room temperature for 30
minutes. The solvents were evaporated and the residue
was dried under vacuum overnight. The product was
converted to the free base by suspension in methylene
chloride followed by addition of sodium carbonate
solution. The layers were separated and the aqueous
layer was extracted twice with methylene chloride. The
combined organic extracts were dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo to
afford the product as a free base (2.55 gr, 67%).
LCMS: (FA) ES+ 463. 1H NMR (400 MHz, rfy-chloroform)
d: 7.59-7.55 (m, IH), 7.43-7.30 (m, 2H), 3.90-3.82 (m,
4H), 3.64-3.57 (m, 4H), 3.53-2.85 (m, 4H). [00156]
Step 2 :
4-(2,4-dichlorophenyl)-5-(4^-dihydro-lH-imidazoI-2-yl)
-2-morphoIin-4- ylthiophene-3-carbonitrile [00157] To
a suspension of
N-(2-aminoethyl)-4-cyano-3-(2,4-dichlorophenyl)-5-rnor
pholin-4- ylthiophene-2-carboxamide (2.50 g, 5.90
mmol) in toluene (20 mL) was added phosphoryl chloride
(4.70mL, 50.0 mmol) and the mixture was stirred under
microwave irradiation at 120 0C for 25 minutes. The 



reaction mixture was evaporated and the residue was
suspended in methylene chloride and then quenched with
ice water. The aqueous layer was basified by addition
of KOH, the layers were separated and the aqueous
layer was extracted again with methylene chloride. The
organic layers were combined and washed with brine,
dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo to afford the crude product (2.3
gr, 77%). LCMS: (FA) ES+ 408. 1H NMR (400 MHz, 6-DMSO
) d: 7.78-7.75 (m, IH), 7.52-7.49 (m, 2H), 3.79-3.73
(m, 4H), 3.63-3.55 (m, 2H), 3.54-3.48 (m, 4H),
3.20-3.11 (m, 2H). [00158] Step 3 :
4-(2,4-dichIorophenyl)-5-(lH-imidazol-2-yl)-2-morpholi
ne-3-carbonitrile [00159] To a solution of dimethyl
sulfoxide (2.50 mL, 35.3 mmol) in methylene chloride
(100 mL) at -780C under an atmosphere of argon was
added oxalyl chloride (2.98 mL, 35.3 mmol). The
solution was stirred for 40 minutes, then a solution
of
4-(2,4-dichlorophenyl)-5-(4,5-dihydro-lH-irnidazol-2-y
l)-2- morpholin-4-ylthiophene-3-carbonitrile (1.45 g,
3.03 mmol) in methylene chloride (40 mL) was added
dropwise and the reaction was stiired for 1 hour at
-780C. Triethylamine (14.0 mL, 100 mmol) was added and
stirring was continued at -780C for 1 hour. Then added
33% ammonium hydroxide (10 mL), and the mixture was
allowed to warm to room temperature. Added sodium
bicarbonate solution, the layers were separated and
the organic extract was dried over anhydrous sodium
sulfate, filtered and concentrated in vacuo to afford
the crude product. The residue was purified by column
chromatography to give the product as a yellow solid
(0.90 gr, 75%) which was dried overnight at 39C in a
vacuum oven LCMS: (FA) ES+ 406. 1H NMR (400 MHz,
^-chloroform) d: 8.20-8.1 1 (s, IH), 7.65-7.62 (m,
IH), 7.45-7.41 (m, IH), 7.37-7.33 (m, IH), 7.03-7.00
(m, IH), 6.85-6.81 (m, IH), 3.90-3.84 (m, 4H),
3.62-3.55 (m, 4H).' [00160] Compounds in the following
table were prepared from the appropriate starting
materials in a method analogous to that of Example 4:
[00161] Example 5 : Synthesis of 4-(2,4-dichloropheny
-)-5-(4-methyl-lH-imidazol-2-yl)-2-
morpholinothiophene-3-carbonitrile (Compound 1-13)
[00162]HpNANH2 I2 K2CO3 xxi [00163] Step 1:
5-acetyl-4-(2,4-dichlorophenyI)-2-morpholinothiophene-
3-carbonitrile [00164] A mixture of
4-cyano-3-(2,4-dichlorophenyl)-5-mo f
holinothiophene-2-carboxylic acid (508.0 mg, 0.001326
mol) in thionyl chloride (1.7 mL, 0.024 mol) and
toluene (1OmL, 0.098 mol) was heated at 80 0C for Ih.
The mixture was evaporated in vaccum and the residue
was coevaporated with toluene for 3 times to afford
acid chloride as dark brown oil. This oil was
dissolved in DCM (3 mL, 0.05 mol) and added to TEA
(1.3 mL, 0.0093 mol) and N,O-dimethylhydroxylamine
hydrochloride (282 mg, 0.00289 mol) in DCM (9 mL, 0.1
mol) at 0 0C . The mixture was stirred for Ih at the
same temperature. 



The reaction mixture was washed with water and dried
over sodium sulfate. The organic layer was evaporated
to afford
4-cyano-3-(2,4-dichlorophenyl)-N-methoxy-N-methyl-5-mo
f holinothiophene-2- carboxamide. To the above
intermediate (207.0 mg, 0.0004856 mol) in THF (21 mL,
0.26 mol) was added diisobutylaluminum hydride in
hexane solution (IM, 0.1ml, 0.0019 mol) at -78 0C and
the mixture was stirred at the same temperature for 30
min. The reaction mixture was raised to 0 0C for 5 min
and cooled to -78 0C again. Quenched by MeOH and water
and then purified by column chromatography to afford
4-(2,4-dichlorophenyl)-5-formyl-2-mo f
holinothiophene-3-carbonitrile (115mg, 65%). LCMS:
(FA) ES+ 367. IH NMR (400 MHz, /-chloroform) d: 9.23
(s, IH), 7.55 (d, IH), 7.37 (dd, IH), 7.30 (d, IH),
3.88-3.84 (m, 4H), 3.74-3.70 (m, 4H), 1.90 (s, 3H).
[00165] Step 2:
4-(2,4-dichlorophenyl)-5-(4-methyl-4^-dihydro-lH-imida
zol-2-yl)-2- morpholinothiophene-3-carbonitrile
[00166] To 4-(2,4-dichlorophenyl)-5-formyl-2-mo f
holin-4-ylthiophene-3-carbonitrile (52.0 mg, 0.000142
mol) in tert-butyl alcohol (0.75 g, 0.010 mol) was
added 1,2-diaminopropane (12.9 mg, 0.000174 mol) and
the mixture was stirred for 30min. Iodine (51 mg,
0.00020 mol) and potassium carbonate (65.7 mg,
0.000475 mol) was added the mixture was stirred at 70
0C for 3hr. The reaction mixture was quenched by
saturated sodium bicarbonate solution and brine. The
organic layer wascollected and purified by column
chromatography to afford
4-(2,4-dichlorophenyl)-5-(4-methyl-4,5-
dihydro-lH-imidazol-2-yl)-2-morpholinothiophene-3-carb
onitrile (19mg, 32%). LCMS: (FA) ES+ 421. IH NMR (400
MHz, d,-chloroform) 6: 7.60 (s, IH), 7.50-7.40 (m,
IH), 7.40-7.30 (m, IH), 4.20-4.05 (m, IH), 3.90-3.75
(m, 5H), 3.60-3.70 (m, 4H), 3.38-3.20 (m, IH), 1.25
(s, 3H). [00167] Step 3 :
4-(2,4-dichlorophenyl)-5-(4-methyl-lH-imidazol-2-yl)-2
-morpholinothiophene-3- carbonitrile [00168] To DMSO
(32.0 uL, 0.000451 mol) in DCM (3 mL, 0.05 mol) at -78
0C was added oxalyl chloride (38.2 uL, 0.000451 mol)
and the mixture was stirred for 30min.
4-(2,4-dichlorophenyl)-5-(4-
methyl-4,5-dihydro-lH-imidazol-2-yl)-2-mo f
holinothiophene-3-carbonitrile (19 mg, 0.000045 mol)
in DCM (1.5 mL, 0.023 mol) was added. After Ih, TEA
(0.188 mL, 0.00135 mol) was added and the mixture was
stirred for another 30min. 33% ammonium hydroxide
(33:67, ammonia:Water, 0.117 mL) was added and the
reaction mixture was warmed to room temperature. The
mixture was purified by column chromatography to
afford
4-(2,4-dichlorophenyl)-5-(4-methyl-lH-imidazol-2-yl)-2
- morpholinothiophene-3-carbonitrile (4.04mg, 21%).
LCMS: (FA) ES+ 419.13, ES- 417.17. IH NMR (400 MHz, r
chloroform) d: 7.61 (d, IH), 7.42 (dd, IH), 7.34 (d,
IH), 6.61 (s, IH), 3.88-3.84 (m, 4H), 3.62-3.57 (m,
4H), 2.21 (s, 3H). [00169] Compounds in the following
table were prepared from the appropriate starting
materials in a method analogous to that of Example 5: 



LCMS: (FA) ES+ 473. [00170] Example 6 : Synthesis of
4-(2,4-dichIorophenyl)-5-(lH-imidazol-5-yl)-2-
morpholinothiophene-3-carbonitrile (Compound 1-19)Br2,
AcOH xxii xxiii HCONH7 xxv XXlV [00171] Step 1:
5-acetyl-4-(2,4-dichlorophenyl)-2-morphoIinothiophene-
3-carbonitrile [00172] A mixture of
4-cyano-3-(2,4-dichlorophenyl)-5-morpholinothiophene-2
-carboxylic acid (508.0 mg, 0.001326 mol) in thionyl
chloride (1.7 mL, 0.024 mol) and toluene (1OmL, 0.098
mol) was heated at 80 0C for Ih. The mixture was
evaporated in vaccum and the residue was coevaporated
with toluene for 3 times to afford acid chloride as
dark brown oil. This oil was dissolved in DCM (3 mL,
0.05 mol) and added to TEA (1.3 mL, 0.0093 mol) and
N,0-dimethylhydroxylamine hydrochloride (282 mg,
0.00289 mol) in DCM (9 mL, 0.1 mol) at 0 0C . The
mixture was stirred for Ih at the same temperature.
The reaction mixture was washed with water and dried
over sodium sulfate. The organic layer was evaporated
to afford 4-cyano-3-(2,4-dichlorophenyl)-
N-methoxy-N-methyl-5-morpholinothiophene-2-
carboxamide. To the above intermediate in THF (50 mL,
0.6 mol) was added methyllithium in diethyl ether
solution (1.4M) (1.7ml, 0.00244 mol) at -78 0C. After
about 15min, the reaction mixture was quenched by
ammonium chloride solution and extracted with ethyl
acetate. The organic layer was washed with brine and
purified by column chromatography to afford
5-acetyl-4-(2,4-dichlorophenyl)-2-
morpholinothiophene-3-carbonitrile (397mg, 78%). LCMS:
(FA) ES+ 381.05. 1H NMR (400 MHz, d,- chloroform) 6 :
7.60 (d, IH), 7.40 (dd, IH), 7.28 (dd, IH), 3.90-3.83
(m, 4H), 3.71-3.64 (m, 4H), 1.90 (s, 3H). [00173] Step
2:
5-(2^-dibromoacetyl)-4-(2,4-dichlorophenyl)-2-morpholi
nothiophene-3- carbonitrile [00174] A solution of
5-acetyl-4-(2,4-dichlorophenyl)-2-mo f
holin-4-ylthiophene-3-carbonitrile (50.0 mg, 0.000131
mol) and bromine (42 mg, 0.00026 mol) in AcOH (1.0 mL,
0.018 mol) was flushed with argon and then irradiated
in microwave at 120 0C for 5min. The reaction mixture
was concentrated and the residue was suspended in
water. The solid was collected to gave
5-(2,2-dibromoacetyl)-4-(2,4-dichlorophenyl)-2-mof
holinothiophene-3-carbonitrile (46.9mg, 66%). LCMS:
(FA) ES+ 538.87; 1H NMR (400 MHz, ^-chloroform) d:
7.82 (d, IH), 7.45 (dd, IH), 7.33 (d, IH), 5.78 (s,
IH), 4.00-3.85 (m, 4H), 3.80-3.70 (m, 4H). [00175]
Step 3:
5-(2-bromoacetyl)-4-(2,4-dichlorophenyl)-2-morpholinot
hiophene-3-carbonitrile [00176] To a mixture of
5-(dibromoacetyl)-4-(2,4-dichlorophenyl)-2-morpholin-4
-ylthiophene-3- 



carbonitrile (46.9 mg, 0.0000870 mol) in THF (0.78 mL,
0.0096 mol) was added diethyl phosphite (13.7 uL,
0.000107 mol) and TEA (14.9 uL, 0.000107 mol) at 0 0C.
After addition, the mixture was warmed to rt after 20
min. The reaction mixture was evaporated and the
residue was suspended in ice/water. The solid was
filtered and purified by column chromatography to
afford 5-(2-bromoacetyl)-4-(2,4-
dichlorophenyl)-2-morpholinothiophene-3-carbonitrile
(12mg, 30%). LCMS: (FA) ES+ 460.88 ; 1H NMR (400 MHz,
r chloroform) d: 7.59 (d, IH), 7.42 (dd, IH), 7.33 (d,
IH), 3.90-3.85 (m, 4H), 3.75-3.69 (m, 5H), 3.62 (d,
IH). [00177] Step 4:
4-(2,4-dichlorophenyl)-5-(lH-imidazol-5-yl)-2-morpholi
nothiophene-3- carbonitrile [00178]
5-(Bromoacetyl)-4-(2,4-dichlorophenyl)-2-morpholin-4-y
lthiophene-3-carbonitrile (50 mg, 0.0001 mol) in
formamide (1.3 mL, 0.033 mol) was flushed with argon
and then irradiated in microwave at 180 0C for 30min.
The reaction mixture was concentrated and the residue
was purified by preparative HPLC to afford
4-(2,4-dichlorophenyl)-5-(lH-imidazol-5-yl)-2-morpholi
nothiophene-3-carbonitrile (2.8mg, 6%). LCMS: (FA) ES+
405.18, ES- 403.27; 1H NMR (400 MHz, ^-methanol) d:
7.66 (d, IH), 7.60 (s, IH), 7.46 (dd, IH), 7.35 (d,
IH), 6.27 (s, IH), 3.89-3.40 (m, 4H), 3.55-3.49 (m,
4H). [00179] Example 7: Synthesis of
4-(2,4-dichlorophenyl)-2-morpholino-5-(lH-pyrazol-5-
yl)thiophene-3-carbonitrile (Compound 1-21) [00180]
[00181] Step 1 :
4-(2,4-dichlorophenyl)-2-morpholino-5-(lH-pyrazol-5-yl
)thiophene-3- carbonitrile[00182] A solution of
5-acetyl-4-(2,4-dichlorophenyl)-2-morpholin-4-ylthioph
ene-3-carbonitrile (52.3 mg, 0.000137 mol) in
1,1-dimethoxy-N,N-dimethylmethanamine (1.0 mL, 0.0075
mol) was flushed with argon and irradiated in
microwave at 160 0C for 30min. The reaction mixture
was evaporated to dryness to give 4-(2,
4-dichlorophenyl)-5-(3-(dimethylamino)acryloyl)-2-morp
holinothiophene-3-carbonitrile as an intermediate. The
above intermediate and hydrazine hydrate (30 mg,
0.0006 mol) in AcOH (1.5 mL, 0.026 mol) was irradiated
in microwave at 120 0C for 15min. The reaction mixture
was evaporated and the residue was purified by column
chromatography to afford
4-(2,4-dichlorophenyl)-2-morpholino-5-
(lH-pyrazol-5-yl)thiophene-3-carbonitrile (19.5mg,
84%). LCMS: (FA) ES+ 405.06, ES- 403.23; 1H NMR (400
MHz, ^-methanol) d: 7.65 (d, IH), 7.45 (m, 2H), 7.33
(d, IH), 5.48 (s, IH), 5.45 (br, IH), 3.85 (m, 4H),
3.54 (m, 4H). [00183] Compounds in the following table
were prepared from the appropriate starting materials
in a method analogous to that of Example 7: 29 LCMS:
(FA) ES+ 419. [00184] Example 8 : Synthesis of
4-(2,4-dichlorophenyl)-2-morpholino-5-(lH-tetrazol-5- 



yl)thiophene-3-carbonitrile (Compound 1-23) Vl xxvii
[00185] Step 1:
4-(2,4-dichlorophenyl)-2-morpholino-5-(lH-tetrazol-5-y
l)thiophene-3- carbonitrile [00186] To a mixture of
sodium azide (34.01 mg, 0.0005232 mol) in ACN (0.3 mL,
0.005 mol) was added silicon(IV) chloride (0.105 mmol,
0.000105 mol) in DCM (0.1 mL, 0.002 mol) and the
mixture was stirred for 30 min.
4-cyano-3-(2,4-dichlorophenyl)-5-mo f
holinothiophene-2-carboxamide (20.0 mg, 0.0000523 mol)
was added to the above mixture, followed by sodium
azide (0.0340 g, 0.000523 mol) and silicon(IV)
chloride (0.16 mmol, 0.00016 mol) in DCM (0.16 mL,
0.0025 mol) and the mixture was irradiated in
microwave at 160 0C for 30min. The reaction was
evaporated and purified by column chromatography to
afford
4-(2,4-dichlorophenyl)-2-morpholino-5-(lH-tetrazol-5-y
l)thiophene-3-carbonitrile (11.6mg, 54.4%). LCMS: (FA)
ES+ 407.09, ES- 405.20; 1H NMR (300 MHz, /
-chloroform) d: 7.60 (d, IH), 7.42 (dd, IH), 7.30 (d,
IH), 3.90-3.85 (m, 4H), 3.72-3.63 (m, 4H). [00187]
Compounds in the following table were prepared from
the appropriate starting materials in a method
analogous to that of Example 7 : LCMS: (FA) ES+
389.22. [00188] Example 9: Synthesis of
4-(2,4-dichIorophenyI)-2-(3,6-dihydro-2
H-pyran-4-yl)-5-(4 Hl,
2,4-triazol-3-yl)thiophene-3-carbonitrile (Compound
1-34) and 4-(2,4-dichlorophenyl)-2-
(tetrahydro-2H-pyran-4-yl)-5-(4
H-l,2,4-triazol-3-yl)thiophene-3-carbonitrile
(Compound 1-5) xi xxviii xxxii xxxiii xxxiv
xxxv[00189] Step 1 : Ethyl
4-cyano-5-[(2,4-dimethoxybenzyI)amino]-3-iodothiophene
-2-carboxyIate [00190] Ethyl
4-cyano-3-iodo-5-(methylsulfonyl)thiophene-2-carboxyla
te (5.60g, 0.0145mol) and 2,4-dimethoxybenzylamine
(3.51 mL, 0.0234 mol) were combined in tetrahydrofuran
(100 mL) and stirred at 60 0C for three days. The
reaction was concentrated in vacuo, diluted with
dichloromethane and hexanes and the resultant
precipitate was filtered to yield the title compound
(5.56, 81%) as a yellow solid. LCMS: (FA) ES+, 473. 1H
NMR (400MHz, -DMSO) d: 9.05 (s, IH) 7.10 (d, IH, J =
8.57Hz), 6.60-6.50 (m, 2H), 4.30 (s, 2H), 4.22-4.14
(m, 2H), 3.80 (s, 3H), 3.75 (s, 3H), 1.26-1.21 (m,
3H). [00191] Step 2: Ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-[(2,4-dimethoxybenzyl
)amino]thiophene- 2-carboxylate [00192] Ethyl
4-cyano-5-[(2,4-dimethoxybenzyl)amino]-3-iodothiophene
-2-carboxylate (3.18g, 0.00673mol)
2,4-dichlorophenylboronic acid (2.72 g, 0.0143 mol),
tetrakis(triphenylphosphine)palladium (0) (0.47 g,
0.00040 mol), and sodium carbonate (2.42 g, 0.0228 



mol) were suspended in 1,2-dimethoxyethane (23.5 mL)
and water (13.5 mL). The suspension was flushed with
argon and the reaction mixture was irradiated in
microwave at 140 0C (300 watts) for ten minutes. The
reaction mixture was diluted with a saturated solution
of sodium bicarbonate in water and extracted with
ethyl acetate. The organic extracts were washed with
brine, dried over anhydrous sodium sulfate, filtered
and concentrated in vacuo. Column chromatography was
performed to yield the title compound (2.92 g, 88%).
LCMS: (FA) ES+, 491. 1H NMR (400MHz, d6-OMSO) d: 9.05
(bs, IH) 7.75 (d, IH, J =2.00Hz), 7.52-7.48 (m, IH),
7.40 (d,lH, J = 8.28Hz), 7.19 (d, IH, J = 8.53Hz),
6.62-6.53 (m, 2H), 4.35 (bs, 2H), 4.04-3.92 (m, 2H),
3.83 (s, 3H), 3.76 (s, 3H), 1.01-0.96 (m, 3H). [00193]
Step 3: Ethyl
5-amino-4-cyano-3-(2,4-dichlorophenyl)thiophene-2-carb
oxylate [00194] Ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-[(2,4-dimethoxybenzyl
)amino]thiophene-2- carboxylate (4.7Og, 0.00956mol)
was dissolved in dichloromethane (100 mL).
Trifluoroacetic acid (25mL) was added and the solution
was stirred at room temperature for ten minutes. The
reaction was concentrated in vacuo, diluted with ethyl
acetate and filtered. The filtrate was washed with
saturated sodium bicarbonate and brine, dried over
anhydrous sodium sulfate, filtered and concentrated in
vacuo. Column chromatography was performed to yield
the title compound (2.92g, 90%) as a yellow solid.
LCMS: (FA) ES+, 341. 1H NMR (400MHz, -DMSO) d: 8.17
(s, 2H) 7.75 (d, IH, J =2.00Hz), 7.52-7.48 (m, IH),
7.39 (d, IH, J =8.28Hz), 4.05-3.92 (m, 2H), 1.02-0.96
(m, 3H). [00195] Step 4: Ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carbo
xyIate [00196] To a suspension of ethyl
5-amino-4-cyano-3-(2,4-dichlorophenyl)thiophene-2-carb
oxylate (2.92g, 0.00856mol) in acetonitrile (10 mL)
was added diiodomethane (2.41 mL, 0.0300mol) under an
atmosphere of argon and was heated at 38 0C. Isoamyl
nitrite (2.61g, 0.0214mol) was added dropwiseand the
reaction mixture was cooled to room temperature and
stirred for one hour. The reaction was concentrated in
vacuo and column chromatography was performed to yield
the title compound (1.44g, 37%) as an orange solid. 1H
NMR (400MHz, / -chloroform) 6: 7.53 (d, IH, J =
2.00Hz), 7.38-7.34 (m, IH), 7.21 (d,lH, J =8.28Hz),
4.25-4.15 (m, 2H), 1.21-1.16 (m, 3H). [00197] Step 5:
4-cyano-3-(2,4-dichIorophenyl)-5-iodothiophene-2-carbo
xylic acid [00198] To a solution of ethyl
4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carbo
xylate (1.44 g, 0.00318 mol) in tetrahydrofuran (20
mL) and water (10 mL) was added a solution of LOOM
sodium hydroxide in water (16 mL). The solution was
allowed to stir overnight. The reaction was quenched
with a solution of IN hydrogen chloride in water
(18mL) and extracted with ethyl acetate. The organic
extracts were washed with brine, dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo to
afford the crude title compound (1.50 g, 100%) used
directly in the next reaction. LCMS: (FA) ES+, 378. 1H
NMR (400MHz, 6-DMSO) d: 7.68 (d, IH, J =2.0Hz),
7.46-7.34 (m, 2H). [00199] Step 6:
4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carbo
xylamide 



[00200]
4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carbo
xylic acid (1.30g, 0.00306mol) was dissolved in
dichloromethane (30 mL).
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (1.27g, 0.00661mol) and
1-hydroxybenzotriazole (0.88Og, 0.00651mol) were added
to the solution and the reaction was stirred for
thirty minutes. Ammonium hydroxide (5.97mL, O.153mol)
was added to the solution and the biphasic mixture was
stirred for two hours. The reaction mixture was
concentrated, diluted with water and extracted with
ethyl acetate. The organic extract was dried over
anhydrous magnesium sulfate, filtered and column
chromatography was performed to yield the title
compound (1.21g, 89%). LCMS: (FA) ES+, 423. 1H NMR
(400MHz, -DMSO) d: 7.79 (d, IH, J = 2.0Hz), 7.68 (bs,
IH), 7.57-7.45 (m, 2H), 7.30 (bs, IH). [00201] Step 7
: 4-(2,4-dichlorophenyl)-2-iodo-5-(4
H-l,2,4-triazol-3-yl)thiophene-3-carbonitrile [00202]
A mixture of
4-cyano-3-(2,4-dichlorophenyl)-5-iodothiophene-2-carbo
xylamide (1.33 g, 0.00314 mol) and
l,l-dimethoxy-N,N-dimethylrnethanamine (10.0 mL,
0.0753 mol) was irradiated in the microwave at 120 0C
(300 watts) for 30 minutes. The reaction was
concentrated in vacuo. The residue dissolved in acetic
acid (1.0 mL, 0.18 mol) and hydrazine hydrate (0.69
mL, 0.014 mol) and subjected to microwave irradiation
at 120 0C (300 watts) for 15 minutes. The solvent was
removed in vacuo and the residue was azeotroped with
toluene. Column chromatography was performed to yield
the title compound (1.25 g, 85%). LCMS: (FA) ES+, 447.
1H NMR (400MHz, ^-methanol) d: 8.35 (s, IH) 7.60 (d,
IH, J =2.0Hz), 7.45-7.35 (m, 2H). [00203] Step 8:
4-(2,4-dichlorophenyl)-2-(3,6-dihydro-2
-pyran-4-yl)-5-(4 H-l^,4-triazol-3-
yl)thiophene-3-carbonitrile[00204] A mixture of
4-(2,4-dichlorophenyl)-2-iodo-5-(4
H-l,2,4-triazol-3-yl)thiophene-3-carbonitrile (180 mg,
0.4 mmol), tributyl(3,6-dihydro-2
H-pyran-4-yl)stannane (0.452 g, 1.2 mmol), lithium
chloride (51.2 mg, 1.2 mmol), copper(I) iodide (7.6
mg, 0.04 mmol), tetrakis(triphenylphosphine)palladium
(46.4 mg, 0.04 mmol) was dissolved in dioxane (20 mL)
and heated to reflux for 3 hours under an atmosphere
of argon. The solvent was removed and the residue was
purified using ISCO chromatography on silica gel,
elution 20% ethyl acetate in hexanes to ethyl acetate
to afford the title compound (24 mg, 14%). LCMS: (FA)
ES+, 403. 1H NMR (400MHz, ^-methanol) d: 8.35 (s, IH),
7.59 (d, IH), 7.43-7.36 (m, 2H), 6.72 (dd, IH),
4.38-4.36 (m, 2H), 3.97-3.94 (m, 2H), 2.71-2.68 (m,
2H). [00205] Step 9:
4-(2,4-dichlorophenyl)-2-(tetrahydro-2H-pyran-4-yl)-5-
(4H-l,2,4-triazol-3- yl)thiophene-3-carbonitrile
[00206] 4-(2,4-dichlorophenyl)-2-(3,6-dihydro-2
H-pyran-4-yl)-5-(4 H-l,2,4-triazol-3-yl)thiophene-3-
carbonitrile (20 mg, 0.05 mmol) was dissolved in
methanol (2 mL) and 10% Pd/C was added (10 mg). The
mixture was stirred under an atmosphere of hydrogen
for 2 hours. The suspension was filtered through
celite, solvent was evaporated and the residue was
purified using ISCO chromatography on silica 



gel, elution 20% ethyl acetate in hexanes to ethyl
acetate to afford the title compound (16 mg, 80%).
LCMS: (FA) ES+, 405. 1H NMR (400MHz, ^-methanol) d:
8.53 (s, IH), 7.78 (d, IH), 7.51-7.46 (m, 2H),
4.12-4.08 (m, IH), 3.99-3.95 (m, IH), 3.53-3.30 (m,
2H), 3.20-3.15 (m, IH), 2.00-1.95 (m, IH), 1.83-1.72
(m, IH). [00207] Example 10: Synthesis of
4-[4-(2,4-dichlorophenyl)-5-(4
H-l,2,4-triazol-3-ylH,3-thiazol- 2-yl]morpholine
(Compound 1-1) Morpholine H2SO4 XXXVl xxxvii XXXVUl
XXXX[00208] Step 1: Synthesis of
4-chloro-2-morpholin-4-yl-l,3-thiazo -e-5-carbonitrile
[00209] 2,4-dichloro-5-cyanothiazole (1.26 g, 0.00704
mol) and N,N-diisopropylethylamine (3.68 mL, 0.0211
mol) were dissolved in ethanol at 70 0C. Morpholine
(0.614 mL, 0.0704 mol) was added to the hot solution
and the mixture was stirred for 30 minutes, cooled
down to rt, diluted with water (50 mL) and the formed
precipitate was collected to give the title compound
(1.55g, 91%). LCMS: (FA) ES+, 230. 1H NMR (300MHz,
6-DMSO) d: 3.71-3.67 (m, 4H), 3.52-3.48 (m, 4H).
[00210] Step 2: Synthesis of
4-(2,4-dichlorophenyl)-2-morpholin-4-yl-l,3-thiazole-5
-carbonitrile [00211] 4-chloro-2-mo f
holin-4-yl-l,3-thiazole-5-carbonitrile (0.20Og, 0.871
mmol), 2,4- dichlorophenylboronic acid (0.249g, 1.31
mmol), bis(triphenylphosphine)palladium dichloride
(0.061g, 0.0871 mmol), sodium carbonate (0.1 84g, 1.74
mmol) were taken up in DME (3 mL), ethanol ( 1 mL) and
water ( 1 mL) and microwaved at 125 for 30 minutes.
Mixture was diluted with ethyl acetate (10 mL) and
extracted. The organic phase was dried with sodium
sulfate, filtered and evaporated. ISCO purification on
silica gel using 10% ethyl acetate in hexane to 50%
ethyl acetate in hexane afforded the title compound
(45 mg, 15%). LCMS: (FA) ES+, 340. 1H NMR (400MHz, J
6-DMSO) d: 7.44 (d, IH), 120-1Al (m, 2H), 3.43-3.28
(m, 4H), 3.16-2.93 (m, 4H). [00212] Step 3: Synthesis
of 4-(2,4-dichlorophenyl)-2-morpholin-4-yl-l
r3-thiazole-5-carboxamide [00213]
4-(2,4-dichlorophenyl)-2-morpholin-4-yl-l,3-thiazole-5
-carbonitrile (30 mg, 0.088 mmol) was dissolved in
sulfuric acid (0.200 mL, 3.75 mmol) and the mixture
was stirred at rt for 1 hour. Water ( 1 mL) was added
and the mixture was quenched with an excess of
saturated NaHCCh. Precipitate was filtered off, washed
with water and dried to afford the title compound (27
mg, 80%). LCMS: (FA) ES+, 358. 1H NMR (400MHz, 6-DMSO)
d: 7.67 (d, IH), 7.47 (d, IH), 7.43 (dd, IH),
3.72-3.69 (m, 4H), 3.44-3.42 (m, 4H). [00214] Step 4:
Synthesis of 4-[4-(2,4-dichlorophenyl)-5-(4
H-l,2,4-triazol-3-yl)-l,3-thiazol-2- yl]morpholine 



[00215] A mixture of 4-(2,4-dichlorophenyl)-2-mo f
holin-4-yl-l,3-thiazole-5-carboxamide (23 mg, 0.06
mmol) and l,l-dimethoxy- N,N-dimethylmethanamine (0.8
mL, 6 mol) was irradiated in the microwave at 160 0C
(300 watts) for 30 minutes. The reaction was
concentrated in vacuo. The residue dissolved in acetic
acid (1.0 mL, 0.18 mol) and hydrazine hydrate (30 mg,
0.7 mmol) and subjected to microwave irradiation at
120 0C (300 watts) for 15 minutes. The solvent was
removed in vacuo, the residue was diluted with water (
1 mL), the precipitate was collected, washed with
water ( 1 mL) and dried to afford the title compound
(10 mg, 40%). LCMS: (FA) ES+, 382. 1H NMR (400MHz,
-DMSO) d: 13.9 (s, IH), 8.42 (s, IH), 7.63 (d, IH),
7.44-7.42 (m, 2H), 3.73-3.70 (m, 4H), 3.44-3.42 (m,
4H).[00216] II. BIOLOGICAL DATA: [00217] Example 1:
PI3K Enzyme Assay [00218] Expression and Purification
of PBK Enzyme [00219] Active phosphatidylinositol 3'
kinase (PI3K) enzyme was purified at Millennium
Pharmaceuticals from SF9 insect cells (Invitrogen)
co-infected with baculovirus containing aminoterminal
His-tagged p i 10a and p85a expression constructs.
[00220] PI3K Enzyme homogenous time resolved
fluorescence (HTRF(r)) Assay [00221] The PI3K enzyme
HTRF(r) assay makes use of an energy transfer complex
comprised of biotin-PI(3,4,5)P 3, Europhium labeled
anti-GST monoclonal antibody, a GST-tagged GRPl
pleckstrin homology (PH) domain, and Streptavidin-APC
(allophycocyanin). Excitation of the Europium in the
complex results in a stable time-resolved fluorescence
resonance energy transfer (FRET) signal.
Phosphatidylinositol 3,4,5 triphosphate (PI(3,4,5)P3,
the product of PI3K, disrupts the energy transfer
complex by competing with biotin-PI(3,4,5)P 3 for
binding to the GRPl PH domain, resulting in a
decreased fluorescent signal. Inhibitors of PI3K in
the reaction prevent a decrease in the fluorescent
signal. [00222] PI3K enzyme (325 pM) was incubated
with di-C8 PI(4,5)P2 substrate (3.5 mM, CellSignals,
Inc.) in assay buffer (50 mM HEPES pH 7.0, 5 mM DTT,
150 mM NaCl, 10 mM b-glycerophosphate, 5 mM MgCl2,
0.25 mM sodium cholate, 0.001% CHAPS) containing 25 mM
ATP and 0.5 mL of test compound (in 100% DMSO) at
multiple concentrations in a final volume of 20.5 mL
in 384 well plates for 30 min at 22-23 C. The reaction
was terminated by adding 5 mL of detection buffer (50
mM HEPES pH7.0, 5 mM DTT, 1 mM NaCl, 10% Tween-20)
containing EDTA (90 mM) and biotin-PI(3,4,5)P 3 (150
nM, Echelon Bioscience) to each well. 5 mL of
detection buffer containing GST-fused GRPl PH domain
protein (210 nM, Millennium Pharmaceuticals),
anti-GST-Europium tagged cryptate antibody (2.25 nM,
CisBio), Streptavidin-XL (90 nM, CisBio) and potassium
fluoride (240 mM) were then added to each well and
incubated for 1 hour. Fluorescent signal for each well
was then measured on an LJL_Analyst (Molecular
Devices). Concentration response curves were generated
by calculating the fluorescent signal 



in test compound-treated samples relative to
DMSO-treated (0% inhibition) and EDTA-treated (100%
inhibition) controls, and concentrations producing 50%
inhibition (IC50 values) were determined from those
curves. [00223] Example 2: PI3K Cell Assays [00224]
Forkhead Redistribution Assay[00225] Inhibition of
PI3K in cells can be assessed using the Forkhead
Redistribution Assay (Biolmage). FoxolA fused to EGFP
(FoxolA-EGFP) expressed in U2OS osteosarcoma cells
localizes to the cytoplasm when the PBK pathway is
actively signaling. Inactivation of pathway signaling
leads to a translocation of the protein from the
cytoplasm to the nucleus. Therefore, pathway
inhibition can be measured by quantifying the
fluorescent intensity of FoxolA-EGFP within the
nucleus. [00226] U2OS cells constitutively expressing
FoxolA-EGFP (6500 cells/well) were plated onto the
inner 60 wells of 96 well dishes (BD Falcon OPTILUX
black clear bottom) in 100 mL of cell culture media
(DMEM (Invitrogen) containing 10% Fetal Bovine Serum
(HyClone) and 1% Penicillin- Streptavidin (Invitrogen)
and grown overnight in a humidified chamber at 37 C.
The cell culture media was removed and the cells were
rinsed with 100 mL of low serum media (DMEM containing
0.933% Fetal Bovine Serum and 1%
Penicillin-Streptavadin) and incubated in 75 mL of low
serum media for 1 hour in a humidified chamber at 37
C. Test compounds (25 mL) at multiple concentrations
suspended in DMEM containing 1%
Penicillin-Streptavadin were added to cells and
incubated in a humidified chamber at 37 C for 1 hour.
The media was removed and the cells were fixed in 100
mL of 4% paraformaldehyde in phosphate buffered saline
(PBS) for 10 min and then washed with 100 mL of PBS.
DRAQ5 mix (100 mL, Alexis Biochemicals) diluted 1:5000
in PBS containing RNAase (1:10,000, Sigma) was added
to cells for 30 minutes. The plates were then imaged
(16 fields per well) using an Opera Imager (Evotec)
and FoxolA-EGFP fluorescent intensity within the
nucleus (DRAQ5-positive) was quantified using Acapella
Software (Evotec). Concentration response curves were
generated by calculating the nuclear fluorescent
intensity of Foxo-1A EGFP in test compound-treated
samples and concentrations producing 50% inhibition
(IC50 values) relative to the positive control were
determined from those curves. [00227] Example 3 :
Anti-Proliferation Assay [00228] ATPIite Assay [00229]
The ATPLite(tm) (Perkin-Elmer) Assay measures cellular
adenosine-triphosphate (ATP) through the generation of
a luminescent signal formed from the ATP dependent
enzyme firefly luciferase. The luminescent signal
intensity can be used as a measure of cellular
proliferation, and therefore the anti proliferative
effects of PI3K inhibitors. [00230] Test compounds (4
mL in 100% DMSO) were diluted in 75 mL of Hanks
Buffered Saline Solution (Invitrogen). The diluted
test compounds (8 mL) were then added to 384-well
TC-treated 



Black/Clear plates (Falcon). HCT-1 16 cells (American
Type Culture Collection) maintained in McCoy's 5a
modified media (Invitrogen) containing 10% Fetal
Bovine Serum and 1% Penicillin-Streptavadin were added
at 1000 cells per well. H460 cells (American Type
Culture Collection) maintained in RPMI 1640 containing
10% Fetal Bovine Serum and 1% Penicillin-Streptavadin
were added at 1500 cells per well.The cells were then
incubated with compound in a humidified chamber at 37
C for 72 hours. The plates were then removed from the
cell culture chambers and allowed to equilibrate to
room temperature for 30 min. All but 25 mL of cell
culture media was removed from each well, and 25 ml of
ATPlite reagent (Perkin Elmer) was added to each well.
Luminescence was measured within 5 minutes of adding
the ATPlite reagent on a LEADSeeker Luminescence
Counter (GE Healthcare Life Sciences). Concentration
response curves were generated by calculating the
luminescence decrease in test compound-treated samples
relative to DMSO-treated controls, and growth
inhibition (IC50) values were determined from those
curves. [00231] As detailed above, compounds of the
invention inhibit PI3K. In certain embodiments,
compounds of the invention have an IC50 < 5.0 mM. In
other embodiments, compounds of the invention have an
IC50 < 1.0 mM. In still other embodiments, compounds
of the invention have an IC50 < 0.1 mM. [00232] While
we have described a number of embodiments of this
invention, it is apparent that our basic examples may
be altered to provide other embodiments, which utilize
the compounds and methods of this invention.
Therefore, it will be appreciated that the scope of
this invention is to be defined by the appended claims
rather than by the specific embodiments, which have
been represented by way of example.[00233] As detailed
above, compounds of the invention inhibit PBK. In
certain embodiments, compounds of the invention have
an IC50 < 5.0 mM. In other embodiments, compounds of
the invention have an IC50 < 1.0 mM. In still other
embodiments, compounds of the invention have an IC50 <
0.1 mM. [00234] While we have described a number of
embodiments of this invention, it is apparent that our
basic examples may be altered to provide other
embodiments, which utilize the compounds and methods
of this invention. Therefore, it will be appreciated
that the scope of this invention is to be defined by
the appended claims rather than by the specific
embodiments, which have been represented by way of
example.CLAIMS 1. A compound of formula I : or a
pharmaceutically acceptable salt thereof, wherein:
when Y2 is C, R1 is H, -CN, halogen, -Z-R 3, Ci-6
aliphatic, or 3-10-membered cycloaliphatic, wherein: Z
is selected from an optionally substituted C1.3
alkylene chain, -O-, -N(Rla)-, -S- , -S(O)-, -S(O)2-,
-C(O)-, -CO2-, -C(O)NR1 -, -N(Rla)C(0)-, -N(Rla)CO2-,
-S(O)2NR1"-, - N(Rla)S(O)2-, -OC(O)N(R 1 )-,
-N(Rl3)C(O)NR13-, -N(Rl3)S(O)2N(Rla)-, or -OC(O)-; 



Rla is hydrogen or an optionally substituted Ci 4
aliphatic, and R3 is an optionally substituted group
selected from .6 aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; R2 is H, halogen, -W-R 5, or - R5, wherein: W
is selected from an optionally substituted 3 alkylene
chain, -0-, -N(R2a)-, - S-, -S(O)-, -S(O)2-, -C(O)-,
-CO2-, -C(O)NR23-, -N(R2a)C(O)-, -N(R2a)CO2-,
-S(O)2NR23-, -N(R2a)S(O)2-, -OC(O)N(R23)-,
-N(R2a)C(O)NR23-, -N(R2a)S(O)2N(R2a)-, or -OC(O)-. R2a
is hydrogen or an optionally substituted Ci 4
aliphatic, and R5 is an optionally substituted group
selected from Ci 6 aliphatic, 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur;Xi, X2, and X3 are each independently N or CR6,
wherein each occurrence of R6 is independently
hydrogen, -CN, halogen, -V-R 7, d .6 aliphatic, or
3-10-membered cycloaliphatic, wherein: V is selected
from an optionally substituted Ci_3alkylene chain,
-O-, -N(R6a)-, -S- , -S(O)-, -S(O)2-, -C(O)-, -CO2-,
-C(O)NR63-, -N(R6a)C(0)-, -N(R6a)CO2-, -S(O)2NR6 -, -
N(R6a)S(O)2-, -OC(O)N(R6-')-, -N(R6a)C(O)NR6
-N(R6a)S(O)2N(R6a)-, or -OC(O)-. R6a is hydrogen or an
optionally substituted Ci-4 aliphatic, and R7 is an
optionally substituted group selected from Ci.6
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; Yi is S, O, NR8, wherein R8 is
hydrogen or an optionally substituted Ci. 4aliphatic;
Y2 is C, N wherein each occurrence of R4 is
independently-R 4a or -Ti-R4d, wherein: each
occurrence of R4a, as valency and stability permit, is
independently fluorine, =0, =S, -CN, -NO2, -R4 ,
-N(R4b)2, -0R 4b, -SR40, -S(O)2R4 , -C(O)R4b,
-C(O)OR4b, - C(O)N(R4b)2, -S(O)2N(R4b)2,
-OC(O)N(R4b)2, -N(R^)C(O)R 4 , -N(R^)SO 2R4 , - 



N(R^)C(O)OR 411, -N(R4e)C(O)N(R4b)2, or -N(R
4e)SO2N(R4b)2, or two occurrences of R4b, taken
together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms
selected from nitrogen, oxygen, or sulfur; each
occurrence of R4b is independently hydrogen or an
optionally substituted group selected from Ci.C6
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R40 is
independently an optionally substituted group selected
from C .C6 aliphatic, 3-10-membered cycloaliphatic,
4-10-membered heterocyclyl having1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; each
occurrence of R is independently hydrogen or an
optionally substituted from 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; each occurrence of R4 is independently
hydrogen or an optionally substituted Ci. 6 aliphatic
group; and T is an optionally substituted Ci-C6
alkylene chain wherein the alkylene chain optionally
is interrupted by -N(R4a)-, -O-, -S-, -S(O)-, -S(O)2-,
-C(O)-, -C(O)O-, -C(O)N(R4a)-, -S(O)2N(R4")-,
-OC(O)N(R 4 )-, -N(R4a)C(O)-, -N(R4a)SO2-,
-N(R^)C(O)O-, -NR4 C(O)N(R4 )-, -N(R^)S(O) 2N(R4")-,
-OC(O)-, or -C(O)N(R4a)-O- or wherein Ti or a portion
thereof optionally forms part of an optionally
substituted 3-7 membered cycloaliphatic or
heterocyclyl ring; n is 0-6; m is 1 or 2; p is O, I ,
or 2; represents a single or double bond; and provided
that the compound of formula I is other than
Morpholine, 4-[5-(4,5-diphenyl-lH-imidazol-2-yl)-
2-thienyl]-. 2. The compound of claim 1, wherein one
or more substituents are selected from: 



(a) Y, is S; (b) Y2 is C (c) R1 is CN or H; (d) R2 is
an optionally substituted 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independntly selected from nitrogen, oxygen, or
sulfur; (e) n is 0-2; or (f) R4 is-R 4a. 3. The
compound of claim 2, wherein the compound is
represented by:I-A I-B I C I-D I-E 4. The compound of
claim 1, wherein R2 is a 3-10-membered cycloaliphatic,
4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur 6-10- membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, optionally
substituted with 1-4 independent occurrences of R9,
wherein R9 is- R9a, -T2-R9d, or - V2-T2-R9 , and: each
occurrence of R9a is independently halogen, -CN, -NO2,
-R>9cc, -N(R9bD)2, - OR9b, -SR9c, -S(O)2R9 , -C(O)R9b,
-C(O)OR9b, -C(O)N(R9b)2, -S(O)2N(R9b)2, -
OC(O)N(R9b)2, -N(R^)C(O)R 9", -N(R9e)SO2R9c,
-N(R9e)C(O)OR9b, -N(R9e)C(O)N(R9b)2, or -N(R
9e)SO2N(R9b)2, or two occurrences of R9b, taken
together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms
selected from nitrogen, oxygen, or sulfur; each
occurrence of R9b is independently hydrogen or an
optionally substituted group selected from Ci.C6
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur;each occurrence of R9c is
independently an optionally substituted group selected
from Ci_C6 aliphatic, 3-10-membered cycloaliphatic,
4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; each
occurrence of R9d is independently hydrogen or an
optionally substituted from 3-10-membered
cycloaliphatic, 4-10-membered heterocyclyl having 1-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, 6-10-membered aryl, or
5-10-membered heteroaryl having 1-5 heteroatoms
independently selected from 



nitrogen, oxygen, or sulfur; each occurrence of R9e is
independently hydrogen or an optionally substituted
Ci- 6 aliphatic group; each occurrence of V2 is
independently -N(R9 )-, -O-, -S-, -S(O)-, -S(O)2-,
-C(O)-, -C(O)O-, -C(0)N(R 9e)-, -S(O)2N(R9 )-,
-OC(O)N(R 96)-, -N(R96XXO)-, -N(R^)SO 2-,
-N(R9e)C(O)O-, -N R9eC(O)N(R 9e)-, -N(R9e)SO2N(R9e)-,
-OC(O)-, or -C(O)N(R 9e)-O-; and T2 is an optionally
substituted Ci-C6 alkylene chain wherein the alkylene
chain optionally is interrupted by -N(R7a)-, -0-, -S-,
-S(O)-, -S(O) 2-, -C(O)-, -C(O)O-, -C(O)N(R 7")-,
-S(O) 2N(R7")-, -OC(O)N(R 7 )-, -N(R7a)C(0)-,
-N(R7a)SO2-, -N(R7a)C(O)O-, -NR7a C(O)N(R 7a)-,
-N(R7a)S(O)2N(R7a)-, -OC(O)-, or -C(O)N(R 7a)-O- or
wherein T3 or a portion thereof optionally forms part
of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring. 5. The compound
of claim 1, wherein Y1 is S, Y2 is C and the compound
is represented by formula II: II wherein R1 is CN or
H. 6. The compound of claim 5, wherein:R2 is an
optionally substituted 3-10-membered cycloaliphatic,
4-10-membered heterocyclyl having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, 6-10-membered aryl, or 5-10-membered
heteroaryl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; n is 0-2;
and R4 is-R 4a. 7. The compound of claim 6, wherein
the compound is represented by: H-A H-B II-C II-D H-E
8. The compound of claim 7, wherein: R2 is an
optionally substituted 6-10-membered aryl, or a
5-10-membered heteroaryl ring having 1-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein R2 is optionally substituted with 1-4
independent occurrences of R9, wherein R9 is-R 9\
-T2-R9d, or - V2-T2-R9d, and: each occurrence of R7a
is independently halogen, -CN, -NO2, -R7c , -N(R7 )2,
-OR7b, -SR7c , -S(O)2R9c , -C(O)R9b, -C(O)OR9 ,
-C(O)N(R9b)2r -S(O)2N(R9b)2, -OC(O)N(R9b)2,
-N(R9e)C(O)R9b, - N(R9e)SO2R9c, -N(R9e)C(O)OR9b,
-N(R9e)C(O)N(R9b)2, or -N(R 9e)SO2N(R9b)2; 



each occurrence of R9b is independently hydrogen or an
optionally substituted group selected from Ci.C
aliphatic, 3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or two occurrences of R9b, taken
together with a nitrogen atom to which they are bound,
form an optionally substituted 4-7-membered
heterocyclyl ring having 0-1 additional heteroatoms
selected from nitrogen, oxygen, or sulfur; each
occurrence of R9 is independently an optionally
substituted group selected from Ci- C6 aliphatic,
3-10-membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R9d is
independently hydrogen or an optionally substituted
from 3-10- membered cycloaliphatic, 4-10-membered
heterocyclyl having 1-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur,
6-10-membered aryl, or 5-10-membered heteroaryl having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; each occurrence of R96 is
independently hydrogen or an optionally substituted Ci
6 aliphatic group; each occurrence of V2 is
independently -N(R7e)-, -O-, -S-, -S(O)-, -S(O)2-,
-C(O)-, -C(O)O-, -C(O)N(R9 )-, -S(O)2N(R9 )-,
-OC(O)N(R9 )-, -N(R9e)C(O)-, -N(R9e)SO2-,
-N(R^)C(O)O-, -N R96C(O)N(R96)-, -N(R^)SO 2N(R96)-,
-OC(O)-, or -C(0)N(R 9e)-0-; and T2 is an optionally
substituted Ci C6 alkylene chain wherein the alkylene
chain optionally is interrupted by -N(R90)-, -O-, -S-,
-S(O)-, -S(O)2-, -C(O)-, -C(O)O-, -C(O)N(R9")-,
-S(O)2N(R9")-, -OC(O)N(R9 )-, -N(R9a)C(O)-, -N(R
)SO2-, -N(R9a)C(0)0-, -NR9a C(O)N(R9 )-,
-N(R9a)S(O)2N(R9a)-, -OC(O)-, or -C(O)N(R9a)-O- or
wherein T2 or a portion thereof optionally forms part
of an optionally substituted 3-7 membered
cycloaliphatic or heterocyclyl ring; and n is 0-2. 9.
The compound of claim 8, wherein: R2 is a phenyl group
substituted with 1-3 independent occurrences of
halogen, -CN, -NO2, -R9c, - N(R9b)2, -0R 9b, -SR9c ,
-S(O)2R9c, -C(O)R9b, -C(O)OR9 , -C(O)N(R9b)2,
-S(O)2N(R9b)2, -OC(O)N(R9b)2, - N(R9e)C(O)R9b,
-N(R96)SO2R9c, -N(R9^C(O)OR 9", -N(R9e)C(O)N(R9b)2, or
-N(R 9e)SO2N(R9")2; R3 is hydrogen, C alky!, or C
.4fluoroalkyl; and n is O. 10. The compound of claim
9, wherein:R2 is a phenyl group substituted with 1-3
independent occurrences of halo, Ci.3 alkyl, CN, Q -
3haloalkyl, -OQ. 3 alkyl, -OQ. 3 haloalkyl, -NHC(O)Q.
3 alkyl, -NHC(O)NHQ 3 alkyl, NHS(O)2Q , alkyl, 



or -COH. 11. The compound of claim 1, wherein the
compound is selected from:10 11 12 13 14 15 1617 18 19
20 2425 26 27 28 29 30 3133 34 35 36 12. A composition
comprising a compound of claim 1 and a
pharmaceutically acceptable carrier. 13. A method of
treating a proliferative disorder in a patient
comprising administering to said patient a
therapeutically effective amount of a compound of
claim 1. 14. The method of claim 13, wherein the
proliferative disorder is breast cancer, bladder
cancer, colon cancer, glioma, glioblastoma, lung
cancer, hepatocellular cancer, gastric cancer,
melanoma, thyroid cancer, endometrial cancer, renal
cancer, cervical cancer, pancreatic cancer, esophageal
cancer, prostate cancer, brain cancer, or ovarian
cancer. 15. A method of treating an inflammatory or
cardiovascular disorder in a patient comprising
administering to said patient a therapeutically
effective amount of a compound of claim 1.16. The
method of claim 15, wherein the inflammatory or
cardiovascular disorder is selected from
allergies/anaphylaxis, acute and chronic inflammation,
rheumatoid arthritis; autoimmunity disorders,
thrombosis, hypertension, cardiac hypertrophy, and
heart failure. 17. A method for inhibiting P13K
activity in a patient comprising administering a
composition comprising an amount of a compound of
claim 1 effective to inhibit Pl 3K activity in the
patient. 


