
Substituted 4-Amino-PyrroIotriazine Derivatives Useful
for Treating Hyper- Proliferative Disorders and
Diseases Associated with Angiogenesis Field of the
Invention This invention relates to novel
pyrrozolotriazine compounds, pharmaceutical
compositions containing such compounds and and the use
of those compounds or compositions for treating
hyper-proliferative and/or angiogenesis disorders, as
a sole agent or in combination with other active
ingredients. Background of the Invention Cancer is a
disease resulting from an abnormal growth of tissue.
Certain cancers have the potential to invade into
local tissues and also metastasize to distant organs.
This disease can develop in a wide variety of
different organs, tissues and cell types. Therefore,
the term "cancer" refers to a collection of over a
thousand different diseases. Over 4.4 million people
worldwide were diagnosed with breast, colon, ovarian,
lung, or prostate cancer in 2002 and over 2.5 million
people died of these devastating diseases (Globocan
2002 Report). In the United States alone, over 1.25
million new cases and over 500,000 deaths from cancer
were predicted in 2005. The majority of these new
cases were expected to be cancers of the colon
(-100,000), lung (-170,000), breast (-210,000) and
prostate (-230,000). Both the incidence and prevalence
of cancer is predicted to increase by approximately
15% over the next ten years, reflecting an average
growth rate of 1.4% (American Cancer Society, Cancer
Facts and Figures 2005). Cancer treatments are of two
major types, either curative or palliative. The main
curative therapies for cancer are surgery and
radiation. These options are generally successful only
if the cancer is found at an early localized stage
(Gibbs JB, 2000). Once the disease has progressed to
locally advanced cancer or metastatic cancer, these
therapies are less effective and the goal of therapy
aims at symptom palliation and maintaining good
quality of life.The most prevalent treatment protocols
in either treatment mode involve a combination of
surgery, radiation therapy and/or chemotherapy.
Cytotoxic drugs (also known as cytoreductive agents)
are used in the treatment of cancer, either as a
curative treatment or with the aim of prolonging life
or palliating symptoms. Cytotoxics may be combined
with radiotherapy and/or surgery, as neo.-adjuvant
treatment (initial chemotherapy aimed at shrinking the
tumor, thereby rendering local therapy such as surgery
and radiation more effective) or as adjuvant
chemotherapy (used in conjunction or after surgery
and/or localized therapy). Combinations of different
drugs are frequently more effective than single drugs:
they may provide an advantage in certain tumors of
enhanced response, reduced development of drug
resistance and/or increased survival. It is for these
reasons that the use of combined cytotoxic regimens in
the treatment of many cancers is very common.
Cytotoxic agents in current use employ different
mechanisms to block proliferation and induce cell
death. They can be generally categorized into the
following groups based on their mechanism of action:
the microtubule modulators that interfere with the
polymerization or depolymerization of microtubules
(e.g. docetaxel, paclitaxel, vinblastine,
vinorelbine); anti-metabolites including nucleoside
analogs and other inhibitors of key cellular metabolic
pathways (e.g. capecitabine, gemcitabine,
methotrexate); agents that interact directly with DNA
(e.g. carboplatin, cyclophosphamide); anthracycline
DNA interchalators that interfere with DNA polymerase
and Topoisomerase II (e.g.. doxorubicin, epirubicin);
and the non-anthracycline inhibitors of Topoisomerase
I T and I enzymatic activity (e.g. topotecan,
irinotecan, and etoposide). Even though different
cytotoxic drugs act via different mechanisms of
action, each generally leads to at least transient
shrinkage of tumors. Cytotoxic agents continue to
represent an important component in an oncologist's
arsenal of weapons for use in fighting cancer. The
majority of drugs currently undergoing late Phase II
and Phase IH clinical trials are focusing on known
mechanisms of action (tubulin binding agents,
anti-metabolites, DNA processing), and on incremental
improvements in known drug classes (for example the
taxanes or the camptothecins). A small number of
cytotoxicdrugs based on novel mechanisms have recently
emerged. Modes of action for these cytotoxics include
inhibition of enzymes involved in DNA modification
[e.g. histone deacetylase (HDAC)], inhibition of
proteins involved in microtubule movement and cell
cycle progression (e.g. kinesins, aurora kinase), and
novel inducers of the apoptotic pathway (e.g. bcl-2
inhibitors). The link between activity in tumor cell
proliferation assays in vitro and anti-tumor activity
in the clinical setting has been well established in
the art. For example, the therapeutic utility of taxol
(Silvestrini et al. Stem Cells 1993, 11(6), 528-35),
taxotere (Bissery et al. Anti Cancer Drugs 1995, 6(3),
339), and topoisomerase inhibitors (Edelman et al.
Cancer Chemother. Cells protect their DNA by adopting
a higher-order complex termed chromatin. Chromatin
condensation is evident during mitosis and cell death
induced by apoptosis while chromatin. decondensation
is necessary for replication, repair, recombination
and transcription. Histones are among some of the
DNA-binding proteins that are involved in the
regulation of DNA condensation; and post-translational
modifications of histone tails serve a critical role
in the dynamic condensation/decondensation that occurs
during the cell cycle. Phoshorylation of the tails of
histone H3 is involved in both transcription and cell
division (Prigent et al. J. Cell Science 2003, 116,
3677). A number of protein kinases have been reported
to phosphorylate histone H3 and these kinases function
both as signal transduction and mitotic kinases. Even
though cytotoxic agents remain in the forefront of
approaches to treat patients with advanced solid
tumors, their limited efficacy and narrow therapeutic
indices result in significant side effects. Moreover,
basic research into cancer has led to the
investigation of less toxic therapies based on the
specific mechanisms central to tumor progression. Such
studies could lead to effective therapy with
improvement of the quality of life for cancer
patients. Thus, a new class of therapeutic agents has
emerged, referred to as cytostatics. Cytostatics
direct their action on tumor stabilization and are
generally associated with a more limited and less
aggravating side effect profile. Their development has
resulted from the identification of specific genetic
changes involved in cancer progression and
anunderstanding of the proteins activated in cancer
such as tyrosine kinases and serine/threonine kinases.
In addition to direct inhibition of tumor cell
targets, cytostatic drugs are being developed to block
the process of tumor angiogenesis. This process
supplies the tumor with existing and new blood vessels
to support continued nourishment and therefore help
promote tumor growth. Key tyrosine kinase receptors
including Vascular Endothelial Growth Factor Receptor
2 (VEGFR2), Fibroblast Growth Factor 1 (FGFRl) and
Tie2 have been shown to regulate angiogenesis and have
emerged as highly attractive drag targets. To support
progressive tumor growth beyond the size of 1-2 mm3,
it is recognized that tumor cells require a functional
stroma, a support structure consisting of fibroblast,
smooth muscle cells, endothelial cells, extracellular
matrix proteins, and soluble factors (Folkman, J.,
Semin Oncol, 2002. 29(6 Suppl 16), 15-8). Tumors
induce the formation of stromal tissues through the
secretion of soluble growth factors such as PDGF and
transforming growth factor-beta (TGF-beta), which in
turn stimulate the secretion of complimentary factors
by host cells such as fibroblast growth factor (FGF),
epidermal growth factor (EGF), and vascular
endothelial growth factor (VEGF). These stimulatory
factors induce the formation of new blood vessels, or
angiogenesis, which brings oxygen and nutrients to the
tumor and allows it to grow and provides a route for
metastasis. It is believed some therapies directed at
inhibiting stroma formation will inhibit the growth of
epithelial tumors from a wide variety of histological
types. (George, D. Semin Oncol, 2001. 28(5 Suppl 17),
27-33; Shaheen, R.M., et al, Cancer Res, 2001. 61(4),
1464-8; Shaheen, R.M., et al. Cancer Res, 1999.
59(21), 5412-6). However, because of the complex
nature and the multiple growth factors involved in
angiogenesis process and tumor progression, an agent
targeting a single pathway may have limited efficacy.
It is desirable to provide treatment against a number
of key signaling pathways utilized by tumors to induce
angiogenesis in the host stroma. These include PDGF, a
potent stimulator of stroma formation (Ostman, A. and
CH. Heldin, Adv Cancer Res, 2001, 80, 1-38), FGF, a
chemo-attractant and mitogen for fibroblasts and
endothelial cells, and VEGF, a potent regulator of
vascularization.A major regulator of angiogenesis and
vasculogenesis in both embryonic development and some
angiogenic-dependent diseases is vascular endothelial
growth factor (VEGF; also called vascular permeability
factor, VPF). VEGF represents a family of isoforms of
mitogens existing in homodimeric forms due to
alternative RNA splicing. The VEGF isoforms are
reported to be highly specific for vascular
endothelial cells (for reviews, see: Farrara et al.
Endocr. Rev. 1992, 13, 18; Neufieldet al. FASEB J.
1999, 13, 9). VEGF expression is reported to be
induced by hypoxia (Shweiki et al. Nature 1992, 359,
843), as well as by a variety of cytokines and growth
factors, such as interleukin-1, interleukin-6,
epidermal growth factor and transforming growth
factor. To date, VEGF and the VEGF family members have
been reported to bind to one or more of three
transmembrane receptor tyrosine kinases (Mustonen et
al. J. Cell Biol, 1995, 129, 895), VEGF receptor-1
(also known as flt-1 (fms-like tyrosine kinase-1)),
VEGFR-2 (also known as kinase insert domain containing
receptor (KDR); the murine analogue of KDR is known as
fetal liver kinase-1 (flk-1)), and VEGFR-3 (also known
as flt-4). KDR and flt-1 have been shown to have
different signal transduction properties (Waltenberger
et al. / . Biol. Chem. 1994, 269, 26988); Park et al.
Oncogene 1995, 10, 135). Thus, KDR undergoes strong
ligand-dependant tyrosine phosphorylation in intact
cells, whereas flt-1 displays a weak response. Thus,
binding to KDR is believed to be a critical
requirement for induction of the full spectrum of
VEGF-mediated biological responses. In vivo, VEGF
plays a central role in vasculogenesis, and induces
angiogenesis and permeabilization of blood vessels.
Deregulated VEGF expression contributes to the
development of a number of diseases that are
characterized by abnormal angiogenesis and/or
hyperpermeability processes. It is believed regulation
of the VEGF-mediated signal transduction cascade by
some agents can provide a useful mode for control of
abnormal angiogenesis and/or hyperpermeability
processes. The vascular endothelial growth factors
(VEGF, VEGF-C, VEGF-D) and their receptors (VEGFR2,
VEGFR3) are not only key regulators of tumor
angiogenesis, but also lymphangiogenesis. VEGF, VEGF-C
and VEGF-D are expressed in most tumors, primarily
during periods of tumor growth and, often at
substantially increased levels. VEGFexpression is
stimulated by hypoxia, cytokines, oncogenes such as
ras, or by inactivation of tumor suppressor genes
(McMahon, G. Oncologist 2000, 5(Suppl. 1), 3-10;
McDonald, N.Q.; Hendrickson, W.A. Cell 1993, 73,
421-424). The biological activities of the VEGFs are
mediated through binding to their receptors. VEGFR3
(also called Flt-4) is predominantly expressed on
lymphatic endothelium in normal adult tissues. VEGFR3
function is needed for new lymphatic vessel formation,
but not for maintenance of the pre-existing
lymphatics. VEGFR3 is also upregulated on blood vessel
endothelium in tumors. Recently VEGF-C and VEGF-D,
ligands for VEGFR3, have been identified as regulators
of lymphangiogenesis in mammals. Lymphangiogenesis
induced by tumor-associated lymphangiogenic factors
could promote the growth of new vessels into the
tumor, providing tumor cells access to systemic
circulation. Cells that invade the lymphatics could
find their way into the bloodstream via the thoracic
duct. Tumor expression studies have allowed a direct
comparison of VEGF-C, VEGF-D and VEGFR3 expression
with clinicopathological factors that relate directly
to the ability of primary tumors to spread (e.g.,
lymph node involvement, lymphatic invasion, secondary
metastases, and disease-free survival). In many
instances, these studies demonstrate a statistical
correlation between the expression of lymphangiogenic
factors and the ability of a primary solid tumor to
metastasize (Skobe, M. et al. Nature Med. 2001, 7(2),
192-198; Stacker, S.A. et al.. Nature Med, 2001, 7(2),
186-191; Makinen, T. et al. Nature Med. 2001, 7(2),
199-205; Mandriota, SJ. et al. EMBO J. 2001, 20(4),
672-82; Karpanen, T. et al. Cancer Res. 2001, 61(5),
1786-90; Kubo, H. et al. Blood 2000, 96(2), 546-53).
Hypoxia appears to be an important stimulus for VEGF
production in malignant cells. Activation of p38 MAP
kinase is required for VEGF induction by tumor cells
in response to hypoxia (Blaschke, F. et al. Biochem.
Biophys. Res. Commun. 2002, 296, 890-896; Shemirani,
B. et al. Oral Oncology 2002, 38, 251-257). In
addition to its involvement in angiogenesis through
regulation of VEGF secretion, p38 MAP kinase promotes
malignant cell invasion, and migration of different
tumor types through regulation of collagenase activity
and urokinase plasminogen activator expression
(Laferriere, J . et al. J. Biol. Chem. 2001, 276,
33762-33772; Westermarck, J. et al. Cancer Res. 2000,
60, 7156-7162; Huang, S. et al. J. Biol. Chem. 2000,
275, 12266-12272; Simon, C. et al. Exp. Cell Res.
2001, 271,344-355). Moreover, VEGF activates the
extracellular signal-regulated protein kinase (ERK) in
human umbilical vein endothelial cells (HUVEC) (Yu,
Y.; Sato, D. J. Cell Physiol 1999, 178, 235-246). The
VEGF-VEGFR2 signaling pathway has been extensively
characterized as an important regulator of
angiogenesis. Mice lacking VEGFR2 (FIk-I) are almost
completely lacking in vasculature and have very few
endothelial cells (Shalaby et al., Nature, 1995, 376,
62-66). VEGF is a potent mitogen for endothelial
cells, promotes angiogenic sprouting, and increases
vascular permeability (reviewed in Yancopoulos et al.
Nature 2000, 407, 242). Administration of soluble
VEGFR2 inhibits the growth of wide variety of tumors
(Shirakawa et al. Int J Cancer, 2002, 99, 244, Bruns
et al. Cancer, 2000, 89, 495, Millauer et al, Nature
1994, 367, 576). Similarly, neutralizing antibodies to
VEGF (Kim et al., Nature, 1993, 262, 841) or VEGFR2
(Prewett et al, Cancer Res 1999, 59, 5209), as well as
VEGF antisense (Saleh et al. Cancer Res 1996, 56, 393)
suppress tumor growth in vivo. Furthermore, small
molecule inhibitors of VEGFR2 have been shown to
inhibit tumor growth in preclinical xenograft models
(reviewed in Shepherd and Sridhar, Lung Cancer, 2003,
41, S63) and are being tested in clinical trials. A
monoclonal antibody to VEGF (Avastin(tm)) was recently
approved for use in combination with other anticancer
drugs for treatment of advanced colon cancer. The
Ang-Tie2 signal transduction pathway also plays a key
role in vascular formation, particularly with respect
to remodeling and stabilization of vessels. The major
ligands for Tie2, Angiopoietin-1 and Angiopoietin-2
(Angl and Ang2), have distinct activities. While Angl
is a Tie2 agonist, promoting vessel maturation and
stability, Ang2 is partial Tie2 agonist/antagonist
having varied activities that are dependent on the
tissue and growth factor context (Yancopoulos et al.
Nature, 2000, 407, 242). When the local concentration
of VEGF is low, Ang2 promotes vessel regression,
whereas in areas where VEGF concentrations are high,
Ang2 induces vessel destabilization and branching
(Holash et al. Ocogene, 1999, 18, 5356). This latter
situation is likely the case during active tumor
angiogenesis. Angl has been shown to regulate
endothelial cell survival (Kwak et al. FEBS, 1999,
448, 249, Bussolati et al FEBS, 2003, 9, 1159) and
migration (Witzenbichler et al J. Biol Chem, 1998,
373, 18514). The role of Ang-Tie2 signaling in
tumorangiogenesis is supported by numerous xenograft
tumor studies involving the administration of soluble
Tie2. Significant inhibition of tumor growth by
soluble Tie2 was observed in the WIBC-9 and MC-5 human
breast tumors (Shirakawa et al hit J Cancer, 2002, 99,
344), C26 colon and TS/A breast tumors, R3230AC breast
tumor (Lin et al. J Clin Invest, 1997, 100, 2072),
A375v melanoma (Siemeister et al. Cancer Res, 1999,
59, 3185), as well as 4Tl murine mammary and B16F10.9
murine melanoma tumors . The central role of the
FGF-FGFRl signal transduction pathway in angiogenesis
is well established. The FGF family includes 22
members expressed from different genes and having
distinct activities (Ornitz and Itoh, Genome Biology,
2001, 2, reviews 3005). During mammalian development,
FGFl and FGF2 regulate branching morphogenesis in
tissues undergoing vascularization. Administration of
FGFs can promote neovascularization in ischemic
tissues (Yanagisawa-Miwa et al, Science, 1992, 257,
1401, Tabata et al Cardiovasc Res, 1997, 35, 470.).
FGFRl binds FGFl and FGF2 with similar affinity
(Dionne et al, EMBO J, 1990, 9, 2685). The FGF-FGFRl
pathway has also been associated with angiogenesis in
a variety of tumor types. FGF2 is a key regulator of
angiogenesis in prostate cancer (Doll et al Prostate,
2001, 49, 293) and melanomas (Straume and Akslen Am J
Pathol, 2002, 160, 1009). In addition, antisense
targeting of FGFRl (Wang and Becker Nat Med, 1997, 3,
887) or anti-FGF2 antibodies (Rofstad and Halsor
Cancer Res, 2000, 60, 4932) inhibit tumor growth and
angiogenesis in human melanomas. Similarly, expression
of soluble FGFR decreases the growth of spontaneous
pancreatic tumors in mice (Compagni et al Cancer Res,
2000, 60, 7163), as well as xenografted pancreatic
tumors (Wagner et al. Gastroenterology, 1998, 114,
798). Overexpression and amplification of the FGFRl
gene in human breast tumors (Jacquemier et al. Int J
Cancer, 1994, 59, 373) and bladder cancers (Simon et
al Cancer Res, 2001, 61, 4514), has been reported
whereas translocation of FGFRl resulting in an
activated chimeric kinase has been identified in
myeloproliferative disorders with lymphoma (Gausch et
al. MoI Cell Biol 2001, 21, 8129) and Chronic
Myelogenous Leukemias (CML, Demiroglu et al, Blood,
2001, 98, 3778). The activation of FGFRl by FGF
induces both the MAPK/ERK and the PI3K/Akt pathways.
In contrast to Angl, which is not a mitogen, FGF
stimulates cell proliferation viathe MAPK/ERK pathway
(Bikfalvi et al, Endocr Rev, 1997, 18, 26). Activation
of FGFRl leads to the recruitment of adaptor proteins
FRS2 and GRB2, which recruit SOS to the plasma
membrane leading to the activation of RAS (Kouhara et
al, Cell, 1997, 89, 693). Activated RAS, which
subsequently activates RAF, MEK, then ERK, leads to
cell proliferation. The activation of p38 MAPK has
also been reported to be involved in FGFinduced cell
proliferation (Maher, Biol Chem, 1999, 274,17491). The
recruitment of GRB2 to activated FGFRl also recruits
Gabl, which induces the PI3K/Akt pathway (Ong et al,
MoI Cell Biol, 2000, 20, 979), and promotes cell
survival. This effect of Akt on cell survival is
mediated, in part through mTOR and p70S6K (Gausch et
al, MoI Cell, Biol, 2001, 21, 8129). The effects of
FGF on cell migration have been shown to be mediated,
in part, by ERK activation and c-Fes (reviewed in
Javerzat et al, Trends in Molecular Medicine, 2002, 5,
483). PDGF is another key regulator of stromal
formation which is secreted by many tumors in a
paracrine fashion and is believed to promote the
growth of fibroblasts, smooth muscle and endothelial
cells, promoting stroma formation and angiogenesis.
PDGF was originally identified as the v-sis oncogene
product of the simian sarcoma virus (Heldin, C.H., et
al., J Cell Sci Suppl, 1985, 3, 65-76). The growth
factor is made up of two peptide chains, referred to
as A or B chains which share 60% homology in their
primary amino acid sequence. The chains are disulfide
cross linked to form the 30 kDa mature protein
composed of either AA, BB or AB homo- or
heterodimmers. PDGF is found at high levels in
platelets, and is expressed by endothelial cells and
vascular smooth muscle cells. In addition, the
production of PDGF is up regulated under low oxygen
conditions such as those found in poorly vascularized
tumor tissue (Kourembanas, S., et al., Kidney hit,
1997, 51(2), 438-43). PDGF binds with high affinity to
the PDGF receptor, a 1106 amino acid 124 kDa
transmembrane tyrosine kinase receptor (Heldin, C.H.,
A. Ostman, and L. Ronnstrand, Biochim Biophys Acta,
1998. 1378(1), 79-113). PDGFR is found as homo- or
heterodimer chains which have 30% homology overall in
their amino acid sequence and 64% homology between
their kinase domains (Heldin, C.H., et al.. Embo J,
1988, 7(5), 1387-93). PDGFR is a member of a family of
tyrosine kinase receptors with split kinase domains
that includes VEGFR2 (KDR), VEGFR3 (Flt4), c-Kit, and
FLT3. The PDGF receptor is expressed primarily on
fibroblast, smooth muscle cells, and pericytes and to
a lesser extent on neurons,kidney mesangial, Leydig,
and Schwann cells of the central nervous system. Upon
binding to the receptor, PDGF induces receptor
dimerization and undergoes auto- and
transphosphorylation of tyrosine residues which
increase the receptors' kinase activity and promotes
the recruitment of downstream effectors through the
activation of SH2 protein binding domains. A number of
signaling molecules form complexes with activated
PDGFR including PI-3-kinase, phospholipase C-gamma,
src and GAP (GTPase activating protein for p21-ras)
(Soskic, V., et al. Biochemistry, 1999, 38(6),
1757-64). Through the activation of PI-3-kinase, PDGF
activates the Rho signaling pathway inducing cell
motility and migration, and through the activation of
GAP, induces mitogenesis through the activation of
p21-ras and the MAPK signaling pathway. In adults, it
is believed the major function of PDGF is to
facilitate and increase the rate of wound healing and
to maintain blood vessel homeostasis (Baker, E.A. and
DJ. Leaper, Wound Repair Regen, 2000. 8(5), 392-8; Yu,
J., A. Moon, and H.R. Kim, Biochem Biophys Res Commun,
2001. 282(3), 697-700). PDGF is found at high
concentrations in platelets and is a potent
chemoattractant for fibroblast, smooth muscle cells,
neutrophils and macrophages. In addition to its role
in wound healing PDGF is known to help maintain
vascular homeostasis. During the development of new
blood vessels, PDGF recruits pericytes and smooth
muscle cells that are needed for the structural
integrity of the vessels. PDGF is thought to play a
similar role during tumor neovascularization. As part
of its role in angiogenesis PDGF controls interstitial
fluid pressure, regulating the permeability of vessels
through its regulation of the interaction between
connective tissue cells and the extracellular matrix.
Inhibiting PDGFR activity can lower interstitial
pressure and facilitate the influx of cytotoxics into
tumors improving the anti-tumor efficacy of these
agents (Pietras, K., et al. Cancer Res, 2002. 62(19),
5476-84; Pietras, K., et al. Cancer Res, 2001. 61(7),
2929-34). PDGF can promote tumor growth through either
the paracrine or autocrine stimulation of PDGFR
receptors on stromal cells or tumor cells directly, or
through the amplification of the receptor or
activation of the receptor by recombination. Over
expressed PDGF can transform human melanoma cells and
keratinocytes (Forsberg, K., et al. Proc Natl Acad Sci
U S A., 1993. 90(2), 393-7; Skobe, M. and N.E.
Fusenig, Proc Natl Acad Sci U S A, 1998. 95(3),
1050-5), two cell types that do not express PDGF
receptors, presumably by the directeffect of PDGF on
stroma formation and induction of angiogenesis. This
paracrine stimulation of tumor stroma is also observed
in carcinomas of the colon, lung, breast, and prostate
(Bhardwaj, B., et al. Clin Cancer Res, 1996, 2(4),
773-82; Nakanishi, K., et al. Mod Pathol, 1997, 10(4),
341-7; Sundberg, C , et al. Am J Pathol, 1997, 151(2),
479-92; Lindmark, G., et al. Lab Invest, 1993, 69(6),
682-9; Vignaud, J.M., et al, Cancer Res, 1994, 54(20),
5455-63) where the tumors express PDGE, but not the
receptor. The autocrine stimulation of tumor cell
growth, where a large faction of tumors analyzed
express both the ligand PDGF and the receptor, has
been reported in glioblastomas (Fleming, T.P., et al.
Cancer Res, 1992, 52(16), 4550-3), soft tissue
sarcomas (Wang, J., M.D. Coltrera, and A.M. Gown,
Cancer Res, 1994, 54(2), 560-4) and cancers of the
ovary (Henriksen, R., et al. Cancer Res, 1993, 53(19),
4550-4), prostate (Fudge, K., CY. Wang, and M.E.
Stearns, Mod Pathol, 1994, 7(5), 549-54), pancreas
(Funa, K., et al. Cancer Res, 1990, 50(3), 748-53) and
lung (Antoniades, H.N., et al., Proc Natl Acad Sci U S
A, 1992, 89(9), 3942-6). Ligand independent activation
of the receptor is found to a lesser extent but has
been reported in chronic myelomonocytic leukemia
(CMML) where the a chromosomal translocation event
forms a fusion protein between the Ets-like
transcription factor TEL and the PDGF receptor. In
addition, activating mutations in PDGFR have been
found in gastrointestinal stromal tumors in which
c-Kit activation is not involved (Heinrich, M.C., et
al., Science, 2003, 9, 9). Certain PDGFR inhibitors
will interfere with tumor stromal development and are
believed to inhibit tumor growth and metastasis.
Several new drugs that are directed at various
molecular targets have been approved over the past
several years for the treatment of cancer. Imatinib is
an inhibitor of the AbI tyrosine kinase and was the
first small molecule tyrosine kinase inhibitor to be
approved for the treatment of chronic myeloid leukemia
(CML). Based on additional activity of imatinib
against the receptor tyrosine kinase activated in
gastrointestinal stromal tumors (GIST), c- KTT, it was
subsequently approved for the treatment of advanced
GIST. Erlotinib, a small molecule inhibitor of EGFR,
was approved in late 2004 for the treatment of
non-small cell lung carcinoma (NSCLC). Sorafenib, an
inhibitor of multiple kinases including c-Raf and
VEGFR2 was approved for the treatment of advanced
renal cell carcinoma (RCC) in December, 2005. Recently
in January of 2006, Sunitinib, a multi-kinase
inhibitor was approved for the treatment of
refractory- or resistant-GIST and advanced RCC. These
smallmolecule inhibitors demonstrate that targeted
approaches are successful for the treatment of
different types of cancers. Despite advancements in
the art, there remains a need for cancer treatments
and anti-cancer compounds. Compounds and compositions
described herein, including salts, metabolites,
solvates, solvates of salts, hydrates, prodrugs such
as esters, polymorphs, and stereoisomeric forms
thereof, exhibit anti-proliferative and
anti-angiogenic activity and are thus useful to
prevent or treat the disorders associated with
hyper-proliferation and angiogenesis. Description of
the Invention In embodiment one, the present invention
provides a compound of formula (I) wherein X0
represents C or N; R1 represents 1.1) phenyl or a
bicyclic carbocycle of 9-10 ring members, in which at
least one ring is aromatic, R1 optionally bearing up
to 4 substituents independently selected from the
group consisting of 1.1.a) (Q-GOalkyl, which may
optionally bear up to 3 substituents independently
selected from 1.1.al) halogen;1.1.a2) OR5 wherein R5
represents H or (Ci-C 3)alkyl which may optionally
bear halogen or -(C 1-C3)HiOnO- or dialkylamino;
1.1.a3) -NR6R7 in which R6 and R7 are independently H
or 5 -(Ci-C 3)alkyl which may optionally bear halogen
or OR7a wherein R7a represents H or (Cr C3)alkyl, or
R6 and R7 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member 10
selected from O, S, and NR8 wherein R8 represents H or
(Q-C 3)alkyl; and 1.1.a4) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; l.l.b) -(C3-C6)cycloalkyl
which may optionally bear up to 2 15 substituents
independently selected from l.l.bl) halogen; and
1.1.b2) OR9 wherein R9 represents H or (Cr C3)alkyl
which may optionally bear halogen or (Ci-C 3)mono- or
dialkylamino; 20 1.1.c) OR10 wherein R10 represents H;
phenyl; benzyl; (C3-C6)cycloalkyl; or (C1-C )alkyl
which may optionally bear up to 3 substituents
independently selected from l.l.cl) halogen; 25
1.1.c2) OR1 1 wherein R11 represents H or (d-C 3)alkyl
which may optionally bear (C1-C3)mono- or
dialkylamino; and 1.1.c3) NR12R13 in which R12 and R13
are independently H or -(C 1-C3)alkyl which may
optionally bear halogen, or 30 R12 and R13 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring memberselected from O, S,
and NR14 wherein R14 represents H or (C1-C3)alkyl;
1.1.d) -C(O)-OR15 wherein R15 represents H or-
-(Q-C^alkyl which may optionally bear up to 3
halogens; LLe) -C(O)-NR16R17 wherein R16 represents H
or (C -C3)alkyl which may optionally bear halogen; and
R17 represents H or ~(CrC4)alkyl which is optionally
substituted with LLeI) halogen; 1.1.e2) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 1.1.e3) phenyl; Ll.e4)
-SO2CH3 ; Ll.e5) -OR18 wherein R18 represents H or
(d-C 3)alkyl which may optionally bear halogen; or
1.Le6) -NR19R20 in which R19 and R20 are independently
H or -(Ci-Ca)alkyl which may optionally bear halogen,
or R19 and R20 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR2 1 wherein R2 1
represents H or (Ci-C3)alkyl; LLf) -N(R22)-C(O)-R23
wherein R22 represents H or (d-C 3)alkyl; and R23
represents optionally substituted phenyl, or
(Ci-C^alkyl which is optionally substituted with
l.l.fl) optionally substituted phenyl, 1.112) OR24
wherein R24 represents H or (Cr C3)alkyl, or 1.1 .f3)
NR25R26 wherein R25 and R26 are independently H or
-(CrC 3)alkyl which may optionally bear halogen, or
R25 and R26 may be joined and taken together with the
Natom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR27 wherein R27 represents H
or (C1-C3)alkyl; 5 l.l.g) -SO2NR28R29 wherein R28
represents H or (C!-C3)alkyl which may optionally bear
halogen; and R29 represents H or -(Q-C^alkyl which is
optionally substituted with: 10 1.1.gl) halogen;
1.1.g2) a 5-6 membered heteroaromatic containing up to
two heteroatoms selected from O, S, and N; 1.1.g3)
phenyl; I.l.g4) -SO2CH3 ; 15 I.l.g5) -OR30 wherein R30
represents H or (d-C 3)alkyl which may optionally bear
halogen; or 1.1.g6) -NR3 1R32 in which R31 and R32 are
independently H or -(Ci-C3)alkyl which may optionally
bear halogen, or R31 and R32 may be joined and taken
together with the N 20 atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR33 wherein R33
represents H or (C1-C3)alkyl; 1.1.h) -N(R34)-SO2-R35
wherein 25 R34 represents H or (Cr C3)alkyl, and R35
represents optionally substituted phenyl, or
(CrGOalkyl which is optionally substituted with
l.l.hl) halogen; 1.1.h2) optionally substituted
phenyl, 30 1.1 .h3) OR36 wherein R36 represents H or
(C1-C3)alkyl, or 1.1.h4) NR37R38 wherein R37 and R38
are independently H or -(Q-C^alkyl which may
optionally bear halogen, or R37and R may be joined and
taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O, S, and NR39
wherein R39 represents H or (Ci-C 3)alkyl; 1.Li)-NR
40R4 1 in which R40 and R4 1 are independently H or
-(Ci-C 3)alkyl which may optionally bear halogen or
OR42 in which R42 represents H or (Cr C3)alkyl, or R40
and R4 1 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR43 wherein R43 represents H
or (Cr C3)alkyl; l.l.j) halogen; 1.1.k) optionally
substituted phenyl; 1.1.1) NO2 ; l.l.m) CN ; and
1.1.n) a 5-6 membered heteroaromatic containing up to
two heteroatoms selected from O, S, and N; 1.1.o)
-C(O)-R 209 wherein R209 represents H or -(Ci-C
4)alkyl which may optionally bear up to 3 halogens; or
R1 represents 1.2) a 5-6 membered aromatic heterocycle
containing up to 3 heteroatoms independently selected
from the group consisting of N, O, and S; or a
bicyclic heterocycle of 8-10 ring members in which at
least one ring is aromatic and contains up to 3
moieties independently selected from the group
consisting of N, N O, O, and S, and any non-aromatic
ring of said bicyclic heterocycle optionally contains
up to three moieties independently selected from the
group consisting of O, S, S(O), S(O)2, and NR44
wherein R44 represents H or -(C 1-C3)alkyl; said R1
heterocycle optionally bearing up to 4 substituents
independently selected from the group consisting
of1.2.a) (Q-GOalkyl, which may optionally bear up to 3
substituents independently selected from 1.2.al)
halogen; 1.2.a2) OR45 wherein R45 represents H or (Cr
C3)alkyl 5 which may optionally bear halogen or -(C
1-C )IIiOnO- or di-alkylamino; 1.2.a3) -NR 46R47 in
which R46 and R47 are independently H or -(Q-C^alkyl
which may optionally bear halogen or OR47a wherein
R47a represents H or (C1-C3)alkyl, or R46 10 and R47
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR48 wherein R48 represents H or (Cr C3)alkyl;
and 



15 1.2.a4) a 5-6 membered heteroaromatic containing up
to two heteroatoms selected from O, S, and N; 1.2.b)
-(C3-C6)cycloalkyl which may optionally bear up to 2
substituents independently selected from 1.2.bl)
halogen; and 20 1.2.b2) OR49 wherein R49 represents H
or (Q-C 3)alkyl which may optionally bear halogen or
-(C 1-C3)InOnO- or di-alkylamino; 1.2.C) OR50 wherein
R50 represents H; phenyl; benzyl; -(C3-C6)cycloalkyl;
or 25 -(Q-C 4)alkyl which may optionally bear up to 3
substituents independently selected from 1.2.cl)
halogen; 1.2.c2) OR5 1 wherein R5 1 represents H or (C
C3)alkyl which may optionally bear -(C 1-C3)mono- or
di- 30 alkylamino; and 1.2.c3) -NR 52R53 in which R52
and R53 are independently H or -(C 1-C3)alkyl which
may optionally bear halogen, orR52 and R53 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR54 wherein R54 represents H 5 or (Ci-C3)alkyl;
1.2.d) -C(O)-OR55 wherein R55 represents H or -(C r
C4)alkyl which may optionally bear up to 3 halogens;
1.2.e) -C(O)-NR56R57wherein R56 represents H or
(Q-C^alkyl which may optionally bear 10 halogen; and
R57 represents H or -(Q-GOalkyl which is optionally
substituted with 1.2.el) halogen; 1.2.e2) a 5-6
membered heteroaromatic containing up to two 15
heteroatoms selected from O, S, and N; 1.2.e3) phenyl;
1.2.e4) -SO2CH3 ; 1.2.e5) -OR58 wherein R58 represents
H or (Ci-C 3)alkyl which may optionally bear halogen;
or 20 1.2.e6) -NR59R60 in which R59 and R60 are
independently H or -(d-C 3)alkyl which may optionally
bear halogen, or R59 and R60 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member 25 selected from O, S, and NR6 1 wherein
R6 1 represents H or (CrC 3)alkyl; 1.2.f>N(R
62)-C(O)-R63 wherein R62 represents H or (Ci-C3)alkyl;
and R63 represents optionally substituted phenyl, or
(Q-GOalkyl 30 which is optionally substituted with
1.2.f1) optionally substituted phenyl, 1.2.f2) OR64
wherein R64 represents H or (CrC 3)alkyl, or1.2.f3)
NR65R66 wherein R65 and R66 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R65 and R66 may be joined and taken together with the
N atom to which they are attached form a 5-6 membered
5 ring which may optionally contain a ring member
selected from O, S, and NR67 wherein R67 represents H
or (Ci-C3)alkyl; 1.2.g) -SO2NR68R69 wherein R68
represents H or (CrC 3)alkyl which may optionally bear
10 halogen; and R69 represents H or -(Ci-C-Oalkyl
which is optionally substituted with 1.2.gl) halogen;
1.2.g2) a 5-6 membered heteroaromatic containing up to
two 15 heteroatoms selected from O, S, and N; 1.2.g3)
phenyl; 1.2.g4) -SO2CH3 ; 1.2.g5) -OR70 wherein R70
represents H or (Cr C3)alkyl which may optionally bear
halogen; or 20 1.2.g6 -NR7 1R72 in which R7 1 and R72
are independently H or -(d-C 3)alkyl which may
optionally bear halogen, or R7 1 and R72 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member 25 selected from O, S, and NR73
wherein R73 represents H or (Ci-C3)alkyl; 1.2.h)
-N(R74)-SO2-R75 wherein R74 represents H or (CrC
3)alkyl, and R represents optionally substituted
phenyl, or (Ci-C4)alkyl 30 which is optionally
substituted with 1.2.hl) halogen; 1.2.h2) optionally
substituted phenyl,1,2.h3) OR76 wherein R76 represents
H or (d-C 3)alkyl, or 1.2M) NR77R78 wherein R77 and
R78 are independently H or -(C r C3)alkyl which may
optionally bear halogen, or R77 and R78 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered . . ring which may
optionally contain a ring member selected from O, S,
and NR79 wherein R79 represents H or (Ci-C 3)alkyl;
1.2.i) -NR 80R81 in which R80 and R81 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen or OR81a wherein R81a represents H or
(d-C 3)alkyl, or R80 and R8 1 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR82 wherein R82
represents H or (Cr C3)alkyl; 1.2.j) halogen; 1.2.k)
optionally substituted phenyl; 1.2.1) NO2 ; 1.2.m) CN
; and 1.2.n) a 5-6 membered heteroaromatic containing
up to two heteroatoms selected from O, S, and N;
1.2.o) -C(O)-R 210 wherein R210 represents H or -(C r
C4)alkyl which may optionally bear up to 3 halogens; R
represents hydrogen; halogen; -(Q-Cs^kyl which may
optionally bear halogen; or -O(CrC 3)alkyl which may
optionally bear halogen; R represents hydrogen;
halogen; -(Q-C 5)alkyl which may optionally bear
halogen; or -O(C 1-C3)alkyl which may optionally bear
halogen; R represents 4.1) -(C1-C5)alkyl which is
optionally substituted with4.1.a) ~(C3-C5)cycloalkyl
which may optionally bear halogen or OR109 wherein
R109 represents H or (Ci-C3)alkyl; 4.Lb) -halogen;
4.Lc) -OR110 wherein R110 represents H or -(Ci-C
3)alkyl which may 5 optionally bear up to 3
substituents independently selected from 4.1.cl)
halogen; 4.1.c2) phenyl; 4.1.c3) -S(O)2CH3 ; 4.1.c4)
OR111 wherein R111 represents H or (Ci-C3)alkyl 10
which may optionally bear halogen; and 4.1.c5) -NR
112R113 in which R112 and R113 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R112 and R113 may be joined and taken together with
the N atom to which 15 they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR114 wherein R114
represents H or (Ci-C3)alkyl; 4.Ld) -NR115R116 wherein
20 R115 represents H or -(Ci-C 3)alkyl which may
optionally bear halogen and R116 represents H,
optionally substituted phenyl, or -(d-C 5)alkyl which
may optionally bear up to 3 substituents independently
selected from 25 4.LdI) halogen; 4.1.d2) -S(O)2CH3 ;
4.1.d3) OR117 wherein R117 represents H or (Ci-C^alkyl
which may optionally bear halogen; and 30 4.1.d4) -NR
118R119 in which R118 and R119 are independently H or
-(Q-C 3)alkyl which may optionally bear halogen, or
R118 and R119 maybe joined and taken together with the
N atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR120 wherein R120 represents
H or (C1-C3)alkyl; 4.Le) . optionally substituted
phenyl; or 4.Lf) a 5-6 membered aromatic heterocycle
containing up to two heteroatoms selected from O, S,
and N; 4.2) wherein R121 represents -(C r C3)alkyl
which may optionally bear halogen or -OR 122 in which
R122 represents H or -(Ci-C3)alkyl; d represents 1, 2,
or 3; e represents 0 or 1; f represents 0, 1, or 2;
4.3) R123 represents -(C 1-C3)alkyl which may
optionally bear halogen or-OR 124 in which R124
represents H or - (Ci-C3)alkyl; g represents 1, 2, or
3; h represents 0, 1, or 2; -(CH2)- N NR125 4.4) - /
wherein R125 represents 4.4.a) H; 4.4.b) -(CrC 3)alkyl
which may optionally bear halogen or -OR126 in which
R126 represents H or -(Ci-C3)alkyl which in turn is
optionally substituted with halogen; 4.4.c) -SO2R127
wherein R127 represents optionally substituted phenyl,
or -(C1-C3)alkyl which mayoptionally bear halogen or
OR128 wherein R128 represents H or (C1-C3)alkyl;
4.4.d) -C(O)R129 wherein R represents 5 4.4.dl)
optionally substituted phenyl, 4.4.d2) -(C1-C3)alkyl
which may optionally bear up to 3 substituents
independently selected from 4.4.d2.1) halogen; AAAll)
optionally substituted phenyl; 10 4.4.d2.3)
-S(O)2-(C1-C4)alkyl which may optionally bear halogen;
4.4.d2.4) -OR130 wherein R130 represents H or
(Q-GOalkyl which may optionally bear halogen; and 15
4.4.d2.5) -NR 131R132 in which R131 and R132 are
independently H or -(Q-C^alkyl which may optionally
bear halogen, or R131 and R132 may be joined and taken
together with the N atom to which they 20 are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR133 wherein R
represents H or (Ci-C3)alkyl; 25 4.4.d3) -OR 134
wherein R134 represents H or (Ci-C3)alkyl which may
optionally bear halogen; or 4.4.d4) NR135R136 wherein
R135 and R136 are independently H or -(Q-C^alkyl which
may 30 optionally bear halogen, or R135 and R136 may
be joined and taken together with the N atom to which
they are attached form a 5-6membered ring which may
optionally contain a ring member selected from O, S,
and NR137 wherein R137 represents H or (C1-C3)alkyl;
and j represents 1, 2, or 3; 4.5) wherein X represents
C or N; R138 represents 4.5.a) (C1-C4)alkyl, which may
optionally bear up to 3 substituents independently
selected from 4.5.al) halogen; 4.5.a2) OR139 wherein
R139 represents H or (Ci-C 3)alkyl which may
optionally bear halogen or -(C 1-C )InOnO- or
di-alkylamino; 4.5.a3) -NR 140R141 in which R140 and
R141 are independently H or -(CrC 3)alkyl which may
optionally bear halogen or OR141a wherein R141a
represents H or (Ci-C 3)alkyl, or R140 and R141 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR142 wherein R142 represents H or (CrC 3)alkyl;
and 4.5.a4) a 5-6 membered heteroaromatic containing
up to two heteroatoms selected from O, S, and N;
4.5.b) -(C3-C6)cycloalkyl which may optionally bear up
to 2 substituents independently selected from 4.5.bl)
halogen; and 4.5.b2) OR143 wherein R143 represents H
or (Ci-C 3)alkyl which may optionally bear halogen;
4.5.c) OR144 whereinR144 represents H; phenyl; benzyl;
(C3-C )cycloalkyl; or (Ci-C Oalkyl which may
optionally bear up to 3 substituents independently
selected from 4.5.cl) halogen; 5 4.5.c2) OR145 wherein
R145 represents H or (C C3)alkyl which may optionally
bear (Cr C3)mono- or dialkylamino; and 4.5.c3)
NR146R147 in which R146 and R1473 are independently H
or -(CrC 3)alkyl which may optionally bear halogen, 10
or R146 and R147 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR148 wherein R148
represents H or (Ci-C 3)alkyl; 15 4.5.d) -C(O)-OR149
wherein R149 represents H or -(C1-C4)alkyl which may
optionally bear up to 3 halogens; 4.5.e)
-C(O)-NR150R151 wherein R150 represents H or (Ci-C
3)alkyl which may optionally bear halogen; and 20 R151
represents H or -(Ci-C 4)alkyl which is optionally
substituted with 4.5.el) halogen; 4.5.e2) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and 25 N; 4.5.e3)
phenyl; 4.5.e4) -SO2CH3 ; 4.5.e5) -OR152 wherein R152
represents H or (Ci-C3)alkyl which may optionally bear
halogen; 30 or 4.5.e6) -NR153R154 in which R153 and
R154 are independently H or -(Cr C3)alkyl which
mayoptionally bear halogen, or R153 and R154 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR155 wherein R155 represents H or (C1-C3)alkyl;
4.5.f) -N(R15d)-C(O)~R157 wherein R156 represents H or
(C1-C3)alkyl; and R157 represents H, optionally
substituted phenyl, or (CrC 4)alkyl which is
optionally substituted with 4.5.f 1) optionally
substituted phenyl, 4.5.f2) OR158 wherein R158
represents H or (CrC 3)alkyl, or 4.5.f3) NR159R160
wherein R159 and R160 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen, or
R159 and R160 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR161 wherein R161
represents H or (Ci-Cs)alkyl; 4.5.g) -SO2NR162R163
wherein R represents H or (C1-C3)alkyl which may
optionally bear halogen; and R163 represents H or
-(Ci-C4)alkyl which is optionally substituted with
4.5.gl) halogen; 4.5.g2) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 4.5.g3) phenyl; 4.5.g4) -SO2CH3 ;4.5.g5) -OR
164 wherein R 164 represents H or (C1-C3)OIlCyI which
may optionally bear halogen; or 4.5.g6) -NR 165R166 in
which R165 and R166 are independently H or -(Q-C^alkyl
which may optionally bear halogen, or R 165 and R166
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR167 wherein R167 represents H or (d-C
3)alkyl; 4.5.h) -N(R 168)-SO 2-R169 wherein R
168represents H or (Cr C3)alkyl, and R 169 represents
H, optionally substituted phenyl, or (Q-C^alkyl which
is optionally substituted with 4.5.hl) halogen,
4.5.h2) optionally substituted phenyl, 4.5.h3) OR170
wherein R170 represents H or (C C3)alkyl which may
optionally bear halogen, or 4.5.h4) NR171R172 wherein
R171 and R172 are independently H or ~(Ci-C 3)alkyl
which may optionally bear halogen, or R171 and R172
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR173 wherein R 173 represents H or (Ci-C
3)alkyl; 4.5J)-NR 174R175 in which R 174 and R175 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen or OR 175a wherein R 175a represents H or
(Q-C 3)alkyl, or R174 and R175 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionallycontain a
ring member selected from O, S, and NR176 wherein R176
represents H or (C1-C3)alkyl; 4.5.}) halogen; 4.5.k)
optionally substituted phenyl; 4.5.I)NO 2 ; 4.5.m) CN
; or 4.5.n) a 5-6 membered heteroaromatic containing
up to two heteroatoms selected from O, S, and N; and k
represents 0, 1, or 2; 4.6) and m represents 1, 2, or
3; -(CH2)-N S(O) 4.7) n - / p wherein n represents 1,
2, or 3; and p represents O, 1, or 2; -(CH2 - N 4.8) -
/ wherein represents 1, 2, or 3; R178 represents
4.9.a) H; 4.9.b) -(C 1-C3)alkyl which may optionally
bear halogen or -OR179 in which R179 represents H or
(Q-C 3)alkyl optionally substituted with halogen;
4.9.c) -(C 3-C7)cycloalkyl which may optionally bear
halogen; 4.9.d) -(C 2-C5)alkenyl which may optionally
bear halogen; 4.9.e) -SO2R180 wherein R180 represents
optionally substitutued phenyl or -(d-C 3)alkyl, which
may besubstituted with halogen or -OR 181 wherein R181
represents H or (C1-C3)OIlCyI which may optionally
bear halogen; 4.9.f) -C(O)R 182 wherein R182
represents optionally substituted phenyl or -(CrC
3)alkyl which may optionally bear up to . 3.
substituents independently selected from 4.9.fl)
halogen; 4.9.f2) optionally substituted phenyl;
4.9.J3) -S(O) 2CH3 ; 4.9.f4) OR183 wherein R183
represents H or (Q-C^alkyl which may optionally bear
halogen; and 4.9.f5) -NR 184R185 in which R184 and
R185 are independently H or -(C 1-C3)alkyl which may
optionally bear halogen or OR185a wherein R 185a
represents H or (Ci-C 3)alkyl, or R184 and R185 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR wherein R186 represents H or (Q-C^alkyl; 4.9g)
-C(O)OR 187 wherein R187 represents (C C4)alkyl; or
4.9.h) -C(O)-NR 188R189 wherein R188 and R 189 each
independently represents H or -(Q-GOalkyl which may
optionally bear halogen, or R188 and R189 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR 190 wherein R 190 represents H or (Cr C3)alkyl;
r represents 0, 1, or 2; and s represents 0 or 1;
-(CH2) t X NR191 4.10) wherein R191 represents 4.10.a)
H; 4.10.b) -(CrC 3)alkyl which may optionally bear
halogen . or-OR 192 in which R192 represents H or (Cr
C3)alkyl; 4.10c) -SO2R193 wherein R193 represents
phenyl or -(Ci-C 3)alkyl, both of which may be
substituted with halogen or-(d-C 3)alkyl; 4.10.d)
-C(O)R 194 wherein R194 represents (C1-C3)alkyl which
may optionally bear up to 3 substituents independently
selected from 4.10.dl) halogen; 4.10.d2) phenyl;
4.10.d3) -S(O)2CH3 ; 4.10.d4) OR195 wherein R195
represents H or (Q-C^alkyl which may optionally bear
halogen; and 4.10.d5) -NR 196R197 in which R196 and
R197 are independently H or -(C1-C3^IlCyI which may
optionally bear halogen or OR197a wherein R197a
represents H or (Cr C3)alkyl, or R196 and R197 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR198 wherein R198 represents H or (CrC 3)alkyl;
4.10.e) -C(O)OR 199 wherein R199 represents (Cr
C3)alkyl; or 4.lO.f) -C(O)-NR 200R201 wherein R200 and
R201 each independently represents H or -(CrC 3)alkyl
which may optionally bear halogen, or R200 and R201
may be joined and taken together with the N atom to
which they areattached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR202 wherein R202 represents H or
(C1-C3)EIlCyI; and X represents O, S, S(O), S(O) 2 ,
or NR203 wherein R203 represents H or -(Ci-C 3)alkyl;
and t represents O, 1, or 2; 4.11) -C(O)R 204 wherein
R204 represents optionally substituted phenyl or -
(C1-C3)alkyl which may optionally bear up to 3
substituents independently selected from 4.1 La)
halogen; 4.11 .b) optionally substituted phenyl;
4.11.c) OR205 wherein R205 represents H or -(Ci-C
3)alkyl which may optionally bear halogen; and 4 .12)
-C(O)-NR 206R207 wherein R206 and R207 each
independently represents H or (Ci-C 3)alkyl, or R206
and R207 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O and S, said alkyl or ring optionally
bearing up to 3 substituents independently selected
from 4.12.a) halogen; 4.12.b) optionally substituted
phenyl; 4.12.C) OR208 wherein R208 represents H or
-(Cl-C3)alkyl which may optionally bear halogen; and O
NH 4.12.d) - ; 4.13) halogen; or 4.14) CN; or a
pharmaceutically acceptable salt thereof.In a
preferred embodiment, the present invention provides a
compound of formula (I) wherein: X0 represents C or N;
R1 represents 1.1) phenyl which may optionally bear up
to 4 substituents independently selected from the
group consisting of l.l.a) (Ci-C4)alkyl, which may
optionally bear up to 3 substituents independently
selected from l.l.al) halogen; I.l.a2) OR5 wherein R5
represents H or (C1-C3)alkyl which may optionally bear
halogen or -(C1-C3)mono- or dialkylamino; 1.1.a3)
-NR6R7 in which R6 and R7 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen or
OR7a wherein R7a represents H or (C1-C3)alkyl, or R6
and R7 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR8 wherein R8 represents H or
(Ci-C3)alkyl; and 1.1,a4) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 1.1.b) -(C3-C6)cycloalkyl
which may optionally bear up to 2 substituents
independently selected from l.l.bl) halogen;1.1.c)
OR10 wherein R10 represents H; phenyl; benzyl;
(C3-C6)cycloalkyl; or (CrC 4)alkyl which may
optionally bear up to 3 substituents independently
selected from 5 l.l.cl) halogen; . . I.l.c2). OR11
wherein R11 represents H or (Ci-C3)alkyl which may
optionally bear (CrC 3)mono- or dialkylamino; and
1.1.c3) NR12R13 in which R12 and R13 are independently
H 10 or -(CrC 3)alkyl which may optionally bear
halogen, or R12 and R13 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member 



selected from O, S, and NR14 wherein R14 represents H
15 or (CrQOalkyl; 1.1.e) -C(O)-NR16R17 wherein R16
represents H or (Ci~C3)alkyl which may optionally bear
halogen; and R17 represents H or -(CrC 4)alkyl which
is optionally 20 substituted with 1.1.el) halogen;
1.1.e3) phenyl; I.l.e4) -SO2CH3 ; 1.1.e5) -OR18
wherein R18 represents H or (d-C 3)alkyl 25 which may
optionally bear halogen; or 1.1.e6) -NR19R20 in which
R19 and R20 are independently H or -(CrC 3)alkyl which
may optionally bear halogen, or R19 and R20 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered 30 ring which
may optionally contain a ring member selected from O,
S, and NR2 1 wherein R21 represents H or (C1-C3)alkyl;
1.1.f) -N(R22)-C(O)-R23 wherein R22 represents H or
(Q-C^alkyl; and R23 represents optionally substituted
phenyl, or (Ci-C4)alkyl which is optionally
substituted with l.l.fl) optionally substituted
phenyl, 1.1.f2) OR24 wherein R24 represents H or
(C1-C3)alkyl, or 1.1.f3) NR25R26 wherein R25 and R26
are independently H or -(Ci-C3)alkyl which may
optionally bear halogen, or R25 and R26 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O, S, and NR27
wherein R27 represents H or (C C3)alkyl; 1.1.g)
-SO2NR28R29 wherein R28 represents H or (Q-C^alkyl
which may optionally bear halogen; and R29 represents
H or -(Q-GOalkyl which is optionally substituted with:
l.l.gl) halogen; Ll.g3) phenyl; I.l.g4) -SO2CH3 ;
I.l.g5) -OR30 wherein R30 represents H or (C1-C3)alkyl
which may optionally bear halogen; or 1.1.g6) -NR3
1R32 in which R3 1 and R32 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen, or R3
1 and R32 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR33 wherein R33 represents H
or (C -C3)alkyl; 1.1.h) -N(R34)-SO2-R35 wherein R34
represents H or (C1-C3)alkyl, andR35 represents
optionally substituted phenyl, or (CrC 4)alkyl which
is optionally substituted with l.l.hl) halogen;
1.1.h2) optionally substituted phenyl, 1.1 .h3) OR36
wherein R36 represents H or (Q-C 3)alkyl, or 1.1.h4)
NR37R38 wherein R37 and R38 are independently H or -(C
1-C3)alkyl which may optionally bear halogen, or R37
and R38 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR39 wherein R39 represents H
or (Cr C3)alkyl; 1.Li)-NR 40R4 1 in which R40 and R4 1
are independently H or -(C -C3)alkyl which may
optionally bear halogen or OR42 in which R42
represents H or (Cr C3)alkyl, or R40 and R4 1 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR43 wherein R43 represents H or (C1-C3)alkyl;
l.l.j) halogen; 1.1.1) NO2 ; l.l.m) CN ; and l.l.n) a
5-6 membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 1. l.o) -C(O)-R
209 wherein R209 represents H or -(C r C4)alkyl which
may optionally bear up to 3 halogens; or R1 represents
1.2) a 5-6 membered aromatic heterocycle containing up
to 3 heteroatoms independently selected from the group
consisting of N, O, and S; said R1 heterocycle
optionally bearing up to 4 substituents independently
selected from the group consisting of1.2.a)
(C1-C4)alkyl, which may optionally bear up to 3
substituents independently selected from 1.2.al)
halogen; 1.2.a2) OR45 wherein R45 represents H or
(Q-C^alkyl which may optionally bear halogen or -(C r
C3)mono- or . . . . di-alkylamino; 1.2.a3) -NR 46R47
in which R46 and R47 are independently H or -(Ci-C
3)alkyl which may optionally bear halogen or OR47a
wherein R47a represents H or (C1-C3)alkyl, or R46 and
R47 may be joined and taken together with the N atom
to which they are attached form a 5-6 membered ring
which may optionally contain a ring member selected
from O, S, and NR4 wherein R48 represents H or (Cr
C3)alkyl; and 1.2.a4) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 1.2.b) -(C3-C6)cycloalkyl which may optionally
bear up to 2 substituents independently selected from
1.2.bl) halogen; 1.2.C) OR50 wherein R50 represents H;
phenyl; benzyl; -(C3-C6)cycloalkyl; or -(Q-G^alkyl
which may optionally bear up to 3 substituents
independently selected from 1.2.cl) halogen; 1.2x2)
OR5 1 wherein R5 1 represents H or (C1-C3)alkyl which
may optionally bear -(Ci-C 3)mono- or dialkylamino;
and 1.2.c3) -NR 52R53 in which R52 and R53 are
independently H or -(C 1-C3)alkyl which may optionally
bear halogen, or R52 and R53 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring memberselected from O, S, and NR54 wherein R54
represents H or (Cr C3)alkyl; 1.2.e) -C(O)-NR
56R57wherein R56 represents H or (Q-C^alkyl which may
optionally bear halogen; and R57 represents H or ~(Q-C
4)alkyl which is optionally substituted with 1.2.el)
halogen; 1.2.e3) phenyl; 1.2.e4) -SO2CH3 ; 1.2.e5)
-OR58 wherein R58 represents H or (C1-C3)alkyl which
may optionally bear halogen; or 1.2.e6) -NR59R60 in
which R59 and R60 are independently H or -(C1-C3)alkyl
which may optionally bear halogen, or R59 and R60 may
be joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR6 1 wherein R6 1 represents H or (C C3)alkyl;
1.2.f) -N(R62)-C(O)-R63 wherein R62 represents H or
(CrC 3)alkyl; and R63 represents optionally
substituted phenyl, or (C1-C Cy I which is optionally
substituted with 1.2.f1) optionally substituted
phenyl, 1.2.f2) OR64 wherein R64 represents H or (Cr
C3)alkyl, or 1.2.f3) NR65R66 wherein R65 and R66 are
independently H or -(Q-Qjalkyl which may optionally
bear halogen, or R65 and R66 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR67 wherein R67
represents H or (Ci-C3)alkyl;1.2.g) -SO 2NR68R69
wherein R68 represents H or (C1-C ) II yI which may
optionally bear halogen; and R69 represents H or
-(Ci-C 4)alkyl which is optionally 5 substituted with
1.2.gl) halogen; 1.2.g3) phenyl; 1.2.g4) -SO 2CH3 ;
1.2.g5) -OR 70 wherein R70 represents H or (d-C
3)alkyl 10 which may optionally bear halogen; or
1.2.g6 -NR 7 1R72 in which R7 1 and R72 are
independently H or -(C 1-C3)alkyl which may optionally
bear halogen, or R71 and R72 may b e joined and taken
together with the N atom to which they are attached
form a 5-6 membered 15 ring which may optionally
contain a ring member selected from O, S, and NR73
wherein R73 represents H or (Cr C3)alkyl; 1.2.h) -N(R
74)-SO 2-R75 wherein R74 represents H or (CrC 3)alkyl,
and 20 R75 represents optionally substituted phenyl,
or (C1-C4) yI which is optionally substituted with
1.2.hl) halogen; 1.2.h2) optionally substituted
phenyl, 1.2.h3) OR76 wherein R76 represents H or
(C1-C3)alkyl, or 25 1.2.h4) NR77R78 wherein R77 and
R78 are independently H or -(Q-C 3)alkyl which may
optionally bear halogen, or R and R78 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member 30 selected from O, S, and NR79
wherein R79 represents H or (C1-C3)alkyl;1.2J)-NR 80R8
1 in which R80 and R8 1 are independently H or -(C
1-C3)alkyl which may optionally bear halogen or OR81a
wherein R81a represents H or (C1-C3)alkyl, or R80 and
R8 1 may be joined and taken together with the N atom
to which they are attached form a 5-6 membered ring
which may optionally contain a ring member selected
from O, S, and NR82 wherein R82 represents H or (CrC
3)alkyl; 1.2.j) halogen; 1.2.k) optionally substituted
phenyl; 1.2.1) NO2 ; 1.2.m) CN ; and 1.2.n) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 1.2.o) -C(O)-R
210 wherein R210 represents H or -(C r C4)alkyl which
may optionally bear up to 3 halogens; R2 represents
halogen; -(Q-C^alkyl which may optionally bear
halogen; or -O(d-C 3)alkyl which may optionally bear
halogen; R3 represents hydrogen; halogen; -(C
1-C5)alkyl which may optionally bear halogen; or -O(C
1-C3)alkyl which may optionally bear halogen; R4
represents 4.1) -(C1-C5)alkyl which is optionally
substituted with 4.1. a) -(C3 C5)cycloalkyl which may
optionally bear halogen or OR109 wherein R109
represents H or (Q-QOalkyl; 4.1.b) -halogen; 4.Lc) -OR
110 wherein R110 represents H or -(Q-C^alkyl which may
optionally bear up to 3 substituents independently
selected from 4.LcI) halogen; 4.1.c2) phenyl;4.1.c4)
OR111 wherein R111 represents H or (Q-C 3)alkyl which
may optionally bear halogen; and 4.1.c5) -NR 112R113
in which R112 and R113 ai-e independently H or -(C
1-C3)alkyl which may optionally bear halogen, or R112
and R113 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR114 wherein R114 represents
H or (C1-C3)alkyl; 4.1.d) -NR 115R116 wherein R115
represents H or -(C 1-C3)alkyl which may optionally
bear halogen and R116 represents H, optionally
substituted phenyl, or -(Ci-C 5)alkyl which may
optionally bear up to 3 substituents independently
selected from 4.1.dl) halogen; 4.1.d2) -S(O) 2CH3 ;
4.1.d3) OR117 wherein R117 represents H or
(C1-C3)alkyl which may optionally bear halogen; and
4.1.d4) -NR 118R119 in which R118 and R119 are
independently H or -(C 1-C3)alkyl which may optionally
bear halogen, or R118 and R119 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR120 wherein
R120 represents H or (CrC 3)alkyl; or 4.1.f) a 5-6
membered aromatic heterocycle containing up to two
heteroatoms selected from O, S, and N;4.2) R121
represents -(C C3)alkyl which may optionally bear
halogen or -OR 122 in which R122 represents H or -(C
1-C3)^lCyI; d represents 1, 2, or 3; e represents 0 or
1; f represents 0, 1, or 2; 4.3) R123 represents -(C r
C3)alkyl which may optionally bear halogen or-OR 124
in which R124 represents H or - (Ci-C 3)alkyl; g
represents 1, 2, or 3; h represents 0, 1, or 2;
-(CH2)-N NR125 4.4) - wherein R125 represents 4.4.a)
H; 4.4.b) -(CrC 3)alkyl which may optionally bear
halogen or -OR126 in which R126 represents H or -(Q-C
3)alkyl which in turn is optionally substituted with
halogen; 4.4.c) -SO2R127 wherein R127 represents
optionally substituted phenyl, or -(CrC 3)alkyl which
may optionally bear halogen or OR128 wherein R128
represents H or (C1-C3)alkyl; 4.4.d) -C(O)R129 wherein
129 R represents 4.4.dl) optionally substituted
phenyl, 4.4.d2) -(C1-C3)alkyl which may optionally
bear up to 3 substituents independently selected from
4.4.d2.1) halogen;4.4.d2.4) -OR130 wherein R130
represents H or (C -C3)alkyl which may optionally bear
halogen; and 4.4.d2.5) -NR 131R132 in which R131 and
R132 are independently H or -(Ci-C3)alkyl which may
optionally bear halogen, or R131 and R132 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR133 wherein R133 represents H or (C -C3)alkyl;
4.4.d3) -OR 134 wherein R134 represents (C1-C3)alkyl
which may optionally bear halogen; or 4.4.d4)
NR135R136 wherein R135 and R136 are independently H or
-(CrC 3)alkyl which may optionally bear halogen, or
R135 and R136 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR137 wherein R
represents H or (C1-C3)alkyl; and j represents 1, 2,
or 3; 4.5) wherein X represents C or N; R represents
4.5.a) (C1-C4)alkyl, which may optionally bear up to 3
substituents independently selected from 4.5.al)
halogen;4.5.a2) OR139 wherein R139 represents H or
(C1-C3)alkyl which may optionally bear halogen or
-(CrC 3)mono- or di-alkylamino; 4.5.a3) -NR140R141 in
which R140 and R141 are independently H or -(CrC
3)alkyl which may optionally bear halogen or . OR141a
wherein R141a represents H or (Cr C3)alkyl, or R140
and R141 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR142 wherein R142 represents
H or (C1-C3)alkyl; and 4.5.a4) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 4.5.b) -(C3-C6)cycloalkyl
which may optionally bear up to 2 substituents
independently selected from 4.5.bl) halogen; 4.5.c)
OR144 wherein R144 represents H; phenyl; benzyl;
(C3-C6)cycloalkyl; or (C C4)alkyl which may optionally
bear up to 3 substituents independently selected from
4.5.cl) halogen; 4.5.c2) OR145 wherein R145 represents
H or (C1-C3)alkyl which may optionally bear
(C1-C3)mono- or dialkylamino; and 4.5.c3) NR146R147 in
which R146 and R1473 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen, or
R146 and R147 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR148 wherein R148
represents H or (C1-C3)alkyl; 4.5.e) -C(O)-NR150R151
whereinR150 represents H or (Q-C^alkyl which may
optionally bear halogen; and R151 represents H or
-(Ci-C-Oalkyl which is optionally substituted with
4.5.el) halogen; . 4.5.e3) phenyl; 4.5.e4) -SO2CH3 ;
4.5.e5) -OR152 wherein R152 represents H or
(Ci-C3)alkyl which may optionally bear halogen; or
4.5.e6) -NR153R154 in which R153 and R154 are
independently H or -(Ci-C3)alkyl which may optionally
bear halogen, or R153 and R154 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR155 wherein
R155 represents H or (CrC 3)alkyl; 4.5.f)
-N(R156)-C(O)-R157 wherein R156 represents H or
(C1-C3)alkyl; and R157 represents H, optionally
substituted phenyl, or (CrC 4)alkyl which is
optionally substituted with 4.5.f 1) optionally
substituted phenyl, 4.5.f2) OR158 wherein R158
represents H or (Cr C3)alkyl, or 4.5.f3) NR159R160
wherein R159 and R160 are independently H or
-(C!-C3)alkyl which may optionally bear halogen, or
R159 and R160 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR161 wherein R161
represents H or (CrC 3)alkyl;4.5.g) -SO2NR162R163
wherein R162 represents H or (CrC 3)alkyl which may
optionally bear halogen; and R163 represents H or
-(C1-C4)alkyl which is optionally substituted with
4.5.gl) halogen; 4.5.g3) phenyl; 4.5.g4) -SO2CH3 ;
4.5.g5) -OR164 wherein R164 represents H or
(Ci-C3)alkyl which may optionally bear halogen; or
4.5.g6) -NR165R166 in which R165 and R166 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen, or R165 and R166 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR167 wherein
R167 represents H or (C1-C3)alkyl; 4.5.h)
-N(R168)-SO2-R169 wherein R168represents H or (Cr
C3)alkyl, and R169 represents H, optionally
substituted phenyl, or (C1-C4)alkyl which is
optionally substituted with 4.5.hl) halogen, 4.5.h2)
optionally substituted phenyl, 4.5.h3) OR170 wherein
R170 represents H or (C1-C3)alkyl which may optionally
bear halogen, or 4.5.h4) NR171R172 wherein R171 and
R172 are independently H or -(CrC 3)alkyl which may
optionally bear halogen, or R171 and R172 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ringmember selected from O, S,
and NR173 wherein R173 represents H or (C1-C3)OIlCyI;
4.5.I)-NR 174R175 in which R174 and R175 are
independently H or -(Q-C^alkyl which may optionally
bear halogen or OR175a wherein R175a represents H or
(Q-QOallcyl, or R 174 and R175 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR176 wherein
R176 represents H or (C1-C3)alkyl; 4.5.j) halogen;
4.5.I)NO 2 ; 4.5.m) CN ; or 4.5.n) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; and k represents O, 1, or
2; 4.6) wherein R 7 represents H or -(CrC 3)alkyl; and
m represents 1, 2, or 3; 4.7) wherein n represents 1,
2, or 3; and P represents 0, 1, or 2; 4.8) wherein q
represents 1, 2, or 3; R178 represents 4.9.a) H;4.9.b)
-(CrC 3)alkyl which may optionally bear halogen or
-OR179 in which R179 represents H or (d-C 3)alkyl
optionally substituted with halogen; 4.9.c) -(C
3-C7)cycloalkyl which may optionally bear halogen; 5
4.9.d) -(C 2-C5)alkenyl which may optionally bear
halogen; 4.9.e) -SO2R180 wherein R180 represents
optionally substituted phenyl or -(Q-C 3)alkyl, which
may be substituted with halogen or -OR 181 wherein
R181 represents H or (C1-C3)alkyl which may optionally
bear 10 halogen; 4.9.f) -C(O)R182 wherein R182
represents optionally substituted phenyl or -(C
1-C3)alkyl which may optionally bear up to 3
substituents independently selected from 4.9.fl)
halogen; 15 4.9.f2) optionally substituted phenyl;
4.9.f3) -S(O)2CH3 ; 4.9.f4) OR183 wherein R183
represents H or (C1-C3)alkyl which may optionally bear
halogen; and 20 4.9.f5) -NR 184R185 in which R184 and
R185 are independently H or -(C1-C )alkyl which may
optionally bear halogen or OR185a wherein R185a
represents H or (Cr C3)alkyl, or R184 and R185 may be
joined and taken together with the N 25 atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR186 wherein R186 represents H or (Q-C^alkyl;
4.9g) -C(O)OR187 wherein R187 represents (Cr C4)alkyl;
or 30 4.9.h) -C(O)-NR188R189 wherein R188 and R189
each independently represents H or -(Q-GOalkyl which
may optionally bear halogen, or R188 and R189 may be
joinedand taken together with the N atom to which they
are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR190 wherein R190 represents H or (C1-C3)alkyl; r
represents 0, 1, or 2; and . .. s . represents 0 or 1;
4.10) wherein R191 represents 4.10.a) H; 4.10.b) -(C
1-C3)alkyl which may optionally bear halogen or-OR 192
in which R192 represents H or (Cr C3)alkyl; 4.10c)
-SO2R193 wherein R193 represents phenyl or
-(Ci-C3)alkyl, both of which may be substituted with
halogen or -(C 1-C3)alkyl; 4.10.d) -C(O)R194 wherein
R194 represents (Ci-C3)alkyl which may optionally bear
up to 3 substituents independently selected from
4.10.dl) halogen; 4.10.d2) phenyl; 4.10.d4) OR195
wherein R195 represents H or (Ci-C3)alkyl which may
optionally bear halogen; and 4.10.d5) -NR 196R197 in
which R196 and R197 are independently H or -(Q-C^alkyl
which may optionally bear halogen or OR197a wherein
R197a represents H or (Cr C3)alkyl, or R196 and R197
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
may optionally contain aring member selected from O,
S, and NR198 wherein R198 represents H or
(Ci-C3)alkyl; 4.lO.e) -C(O)OR 199 wherein R199
represents (Q-C 3)alkyl; or 4.10.f)-C(O)-NR 200R201
wherein R200 and R201 each independently represents H
or -(d-C 3)alkyl which may optionally bear halogen, or
R200 and R201 may be joined 



and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O, S, and NR202
wherein R202 represents H or (d-C 3)alkyl; and X
represents O, S, S(O)2 , or NR203 wherein R203
represents H or -(C 1-C3) yI; and t represents O, 1,
or 2; 4.11) -C(O)R204 wherein R204 represents
optionally substituted phenyl or - (Ci-C3)alkyl which
may optionally bear up to 3 substituents independently
selected from 4.1 La) halogen; 4.1 1.b) optionally
substituted phenyl; 4.1 Lc) OR205 wherein R205
represents H or -(C 1-C3)alkyl which may optionally
bear halogen; and 4.12) -C(O)-NR206R207 wherein R206
and R207 each independently represents H or
(Ci-C3)alkyl, or R206 and R207 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O and S, said alkyl or
ring optionally bearing up to 3 substituents
independently selected from 4.12.a) halogen; 4.12.b)
optionally substituted phenyl; 4.12.c) OR208 wherein
R208 represents H or -(Cl-C3)alkyl which may
optionally bear halogen; and4.13) halogen; or 4.14)
CN; or a pharmaceutically acceptable salt thereof. In
yet another preferred embodiment, the present
invention provides a compound of formula (D wherein:
X0 represents C : R1 re resent;s 1.1) phenyl which may
optionally bear up to 4 substituents independently
selected from the group consisting of 1.1.a)
(Q-GOalkyl, which may optionally bear up to 3
substituents independently selected from 1.1.al)
halogen; 1.1.a2) OR5 wherein R5 represents H or (C
C3)alkyl which may optionally bear halogen; 1.1.a3)
-NR6R7 in which R6 and R7 are independently H or -(Q-C
3)alkyl which may optionally bear halogen or R6 and R7
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR8 wherein R8 represents H or (Ci-C3)alkyl;
and1.1.a4) an imidazole, thiazole, oxazole, pyridine,
pyrazole, pyrimidine, isoxazole, isothiazole,
thiophene, or furan; 1.1.b) -(C3-C6)cycloalkyl which
may optionally bear up to 2 substituents independently
selected from l.l.bl) halogen; l.l.c) OR10 wherein R10
represents H; phenyl; benzyl; (C3-C6)cycloalkyl; or
(Q-C 4)alkyl which may optionally bear up to 3
substituents independently selected from 1.1.cl)
halogen; I.l.c2) OR11 wherein R11 represents H or
(Ci-C3)alkyl; and 1.1.c3) NR12R13 in which R12 and R13
are independently H or -(C1-C3)alkyl which may
optionally bear halogen, or R12 and R13 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O, S, and NR14
wherein R14 represents H or (Q-C 3)alkyl; 1.1.e)
-C(O)-NR16R17 wherein R1 represents H or (C1-C3)alkyl
which may optionally bear halogen; and R17 represents
H or -(CrC 4)alkyl which is optionally substituted
with 1.1.el) halogen; 1.1.e5) -OR18 wherein R18
represents H or (C1-C3)alkyl which may optionally bear
halogen; or 1. l.e b) -NR19R20 in which R19 and R20
are independently H or -(CrC 3)alkyl which may
optionally bear halogen, or R19 and R20 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring memberselected from O, S, and NR2 1
wherein R2 1 represents H or (Ci-C 3)alkyl; l.l.f)
-N(R 22)-C(O)-R 23 wherein R22 represents H or
(C1-C3)EIlCyI; and R23 represents optionally
substituted phenyl, or (Ci-C 4)alkyl; 1.1.g)
-SO2NR28R29 wherein R28 represents H or (C1-C3)EIlCyI
which may optionally bear halogen; and R29 represents
H or -(Ci-C 4)alkyl which is optionally substituted
with: 1.1.gl) halogen; I.l.g4) -SO 2CH3 ; 1.1.g5) -OR
30 wherein R30 represents H or (Ci-C 3)alkyl which may
optionally bear halogen; or l.l.g b) -NR 3 1R32 in
which R3 1 and R32 are independently H or -(Ci-C
3)alkyl which may optionally bear halogen, or R31 and
R32 may be joined and taken together with the N atom
to which they are attached form a 5-6 membered ring
which may optionally contain a ring member selected
from O, S, and NR33 wherein R33 represents H or (Ci-C
3)alkyl; LLh) -N(R 34)-SO 2-R35 wherein R34 represents
H or (C1-C3)alkyl, and R35 represents optionally
substituted phenyl, or (C1-C4)alkyl which is
optionally substituted with 1.1.hi) halogen; LLi)-NR
40R4 1 in which R40 and R4 1 are independently H or
-(Q-C 3)alkyl which may optionally bear halogen or
OR42 in which R42 represents H or (C1-C3)alkyl, or R40
and R4 1 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionallycontain a ring member
selected from O, S, and NR43 wherein R43 represents H
or (Ci-C 3)alkyl; 1.1.j ) halogen; 1.1.1) NO2 ; l.l.m)
CN ; and . 1.Ln) . an imidazole, thiazole, oxazole,
pyridine, pyrazole, pyrimidine, isoxazole,
isothiazole, thiophene, or furan; l.Lo) -C(O)-R 209
wherein R209 represents H or -(C r C4)alkyl which may
optionally bear up to 3 halogens; or R1 represents
1.2) a 5-6 membered aromatic heterocycle selected from
imidazole, thiazole, oxazole, pyridine, pyrazole,
pyrimidine, isoxazole, isothiazole, thiophene, and
furan; said R1 heterocycle optionally bearing up to 4
substituents independently selected from the group
consisting of 1.2.a) (Cr C4)alkyl, which may
optionally bear up to 3 substituents independently
selected from 1.2.al) halogen; 1.2.a2) OR45 wherein
R45 represents H or (d-C 3)alkyl which may optionally
bear halogen; 1.2.a3) -NR 46R47 in which R46 and R47
are independently H or -(C 1-C3)alkyl which may
optionally bear halogen, or R46 and R47 may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O, S, and NR48
wherein R48 represents H or (Ci-C 3)alkyl; and 1.2.a4)
an imidazole, thiazole, oxazole, pyridine, pyrazole,
pyrimidine, isoxazole, isothiazole, thiophene, or
furan; 1.2.b) -(C3-C6)cycloalkyl which may optionally
bear up to 2 substituents independently selected from
1.2.bl) halogen;1.2.c) OR50 wherein R50 represents H;
phenyl; benzyl; -(C 3-C6)cycloalkyl; or -(C 1-C
)OIlCyI which may optionally bear up to 3 substituents
independently selected from 1.2.cl) halogen; 1.2.e)
-C(O)-NR 56R57wherein R56 represents H or (C
1-C3)alkyl which may optionally bear halogen; and R57
represents H or -(Q-GOalkyl which is optionally
substituted with 1.2.el) halogen; or 1.2.e5) -OR 58
wherein R58 represents H or (d-C 3)alkyl which may
optionally bear halogen; 1.2.f)-N(R 62)-C(O)-R 63
wherein R62 represents H or (Cr C3)alkyl; and R63
represents optionally substituted phenyl, or (d-C
4)alkyl; 1.2.g) -SO 2NR68R69 wherein R represents H or
(Ci-C 3)alkyl which may optionally bear halogen; and
R69 represents H or -(Q-GOalkyl which is optionally
substituted with 1.2.gl) halogen; or 1.2.g5) -OR 70
wherein R70 represents H or (Ci-C 3)alkyl which may
optionally bear halogen; 1.2.h) -N(R 74)-SO 2-R75
wherein R74 represents H or (CrC 3)alkyl, and R75
represents optionally substituted phenyl, or (Q-C
4)alkyl which is optionally substituted with 1.2.hl)
halogen; 1.2.i)-NR 80R8 1 in which R80 and R8 1 are
independently H or -(Ci-C 3)alkyl which may optionally
bear halogen or OR81a wherein R81a represents H or
(Ci-C 3)alkyl, or R80 and R81 maybe joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR wherein R82
represents H or (Ci-C 3)alkyl; 1.2.j) halogen; .
1.2.k). optionally substituted phenyl; 1.2.1) NO2 ;
1.2.m) CN ; and 1.2.n) an imidazole, thiazole,
oxazole, pyridine, pyrazole, pyrimidine, isoxazole,
isothiazole, thiophene, or furan; 1.2.o) -C(O)-R210
wherein R210 represents H or -(C r C4)alkyl which may
optionally bear up to 3 halogens; R represents
halogen; -(C1-C5)alkyl which may optionally bear
halogen; or -O(C -C3)alkyl which may optionally bear
halogen; R3 represents hydrogen; halogen; -(Q-Cs^lkyl
which may optionally bear halogen; or -O(CrC 3)alkyl
which may optionally bear halogen; R4 represents 4.1)
-(Q-Cs^lkyl which is optionally substituted with
4.1.a) -(C3-C5)cycloalkyl which may optionally bear
halogen or OR109 wherein R109 represents H or
(Q-C^alkyl; 4.1.b) -halogen; 4.Lc) -OR110 wherein R110
represents H or -(C 1-C3)alkyl which may optionally
bear up to 3 substituents independently selected from
4.LcI) halogen; 4.1x2) phenyl; 4.1.c4) OR111 wherein
R111 represents H or (d-C 3)alkyl which may optionally
bear halogen; and 4.1.c5) -NR 112R113 in which R112
and R113 are independently H or -(CrC 3)alkyl which
mayoptionally bear halogen, or R112 and R113 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR114 wherein R114 represents H or (C1-C3) yI;
4.1.d) -NR115R116 wherein R115 represents H or -(CrC
3)alkyl which may optionally bear halogen and R116
represents H, optionally substituted phenyl, or
-(Q-C^alkyl which may optionally bear up to 3
substituents independently selected from 4.1.dl)
halogen; 4.1.d2) -S(O)2CH3 ; 4.1.d3) OR117 wherein
R117 represents H or (C1-C3)alkyl which may optionally
bear halogen; and 4.1.d4) -NR 118R119 in which R118
and R119 are independently H or -(CrC 3)alkyl which
may optionally bear halogen, or R118 and R119 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR120 wherein R120 represents H or (Q-C^alkyl; or
4.1.f) a 5-6 membered aromatic heterocycle containing
up to two heteroatoms selected from O, S, and N; 4.2)
represents -(C C3)alkyl which may optionally bear
halogen or -OR 122 in which R122 represents H or
-(Ci-C3)alkyl;d represents 1, 2, or 3; e represents 0
or 1; f represents 0, 1, or 2; 4.3) R 123 represents
-(C 1-C3)EIlCyI which may optionally bear halogen
or-OR 124 in which R124 represents H or - (Ci-C
3)alkyl; g represents 1, 2, or 3; h represents 0, 1,
or 2; -(CH2)- N NR125 4.4) - wherein R125 represents
4.4.a) H; 4.4.b) -(CrC 3)alkyl which may optionally
bear halogen or -OR 126 in which R 126 represents H or
-(C 1-C3)alkyl which in turn is optionally substituted
with halogen; 4.4.c) -SO 2R127 wherein R127 represents
optionally substituted phenyl, or -(C 1-Ca)-IUCyI
which may optionally bear halogen or OR128 wherein
R128 represents H or (Cr C3)alkyl; 4.4.d) -C(O)R 129
wherein R129 represents 4.4.dl) optionally substituted
phenyl, 4.4.d2) -(C 1-C3)alkyl which may optionally
bear up to 3 substituents independently selected from
4.4.d2.1) halogen; 4.4.d2.4) -OR 130 wherein R130
represents H or (Ci-C 3)alkyl which may optionally
bear halogen; and 4.4.d2.5) -NR 131R132 in which R131
and R 132 are independently H or -(C 1-C3)alkyl which
may optionally bear halogen, orR131 and R132 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR133 wherein R133 represents H or (Cr C3)alkyl;
4.4.d3) -OR 134 wherein R134 represents (Ci-C 3)alkyl
which may optionally bear halogen; or 4.4.d4)
NR135R136 wherein R135 and R136 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R135 and R136 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR137 wherein R137
represents H or (C1-C3) yI; and j represents 1, 2, or
3; 4.5) wherein X represents C or N; R138 represents
4.5.a) (Cr C4)alkyl, which may optionally bear up to 3
substituents independently selected from 4.5.al)
halogen; 4.5.a2) OR139 wherein R139 represents H or
(d-C 3)alkyl which may optionally bear halogen or -(C
1-C )InOnO- or di-alkylamino; 4.5.a3) -NR 140R141 in
which R140 and R141 are independently H or -(Q-C^alkyl
which may optionally bear halogen or OR141a wherein
R141a represents H or (Cr C3)alkyl, orR140 and R141
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR142 wherein R142 represents H or
(Ci-C3)alkyl; and 4.5.a4) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 4.5.b) -(C3-C6)cycloalkyl
which may optionally bear up to 2 substituents
independently selected from 4.5.bl) halogen; 4.5.c)
OR144 wherein R144 represents H; phenyl; benzyl;
(C3-C6)cycloalkyl; or (CrO)alkyl which may optionally
bear up to 3 substituents independently selected from
4.5.cl) halogen; 4.5.c2) OR145 wherein R145 represents
H or (C1-C3)alkyl which may optionally bear
(Ci-C3)mono- or dialkylamino; and 4.5.c3) NR146R147 in
which R146 and R1473 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen, or
R146 and R147 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR148 wherein R148
represents H or (C1-C3)alkyl; 4.5.e) -C(O)-NR150R151
wherein R150 represents H or (CrC 3)alkyl which may
optionally bear halogen; and R151 represents H or
-(Q-C^alkyl which is optionally substituted with
4.5.el) halogen; 4.5.e3) phenyl;4.5.e4) -SO2CH3 ;
4.5.e5) -OR152 wherein R152 represents H or (CrC
3)alkyl which may optionally bear halogen; or 4.5.e6)
-NR153R154 in which R153 and R154 are independently H
or. -(C1-C3)alkyl which may optionally bear halogen,
or R153 and R154 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR155 wherein R155
represents H or (Ci-C3)alkyl; 4.5.f)
-N(R156)-C(O)-R157 wherein R156 represents H or
(C1-C3)alkyl; and R157 represents H, optionally
substituted phenyl, or (Ci-C )alkyl which is
optionally substituted with 4.5.f 1) optionally
substituted phenyl, 4.5.f2) OR158 wherein R158
represents H or (C1-C3)alkyl, or 4.5.f3) NR159R160
wherein R159 and R160 are independently H or -(CrC
3)alkyl which may optionally bear halogen, or R159 and
R160 may be joined and taken together with the N atom
to which they are attached form a 5-6 membered ring
which may optionally contain a ring member selected
from O, S, and NR161 wherein R161 represents H or
(C1-C3)alkyl; 4.5.g) -SO2NR162R163 wherein R162
represents H or (Ci-C3)alkyl which may optionally bear
halogen; and R163 represents H or -(CrC 4)alkyl which
is optionally substituted with 4.5.gl) halogen;4.5.g3)
phenyl; 4.5.g4) -SO2CH3 ; 4.5.g5) -OR164 wherein R164
represents H or (Ci-C3)alkyl which may optionally bear
halogen; or 4.5.g6) -NR165R166 in which R165 and R166
are independently H or -(Q-C^alkyl which may
optionally bear halogen, or R165 and R166 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR167 wherein R167 represents H or (Ci-C^sikyl;
4.5.h) -N(R168)-SO2-R169 wherein R168rerresents H or
(Cr C3)alkyl, and R169 represents H, optionally
substituted phenyl, or (Q-C 4)alkyl which is
optionally substituted with 4.5.hl) halogen, 4.5.h2)
optionally substituted phenyl, 4.5.h3) OR170 wherein
R170 represents H or (C1-C3)alkyl which may optionally
bear halogen, or 4.5.h4) NR171R172 wherein R171 and
R172 are independently H or -(Ci-C3)alkyl which may
optionally bear halogen, or R171 and R172 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR173 wherein R173 represents H or (CrC 3)alkyl;
4.5J)-NR 174R175 in which R174 and R175 are
independently H or -(d-C 3)alkyl which may optionally
bear halogen or OR175a wherein R175a represents H or
(C1-C3)alkyl, or R174 and R175 may be joined and taken
together with the N atom to which theyare attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR176 wherein
R176 represents H or (Ci-C3)alkyl; 4.5.j ) halogen;
4.5.I)NO2 ; 4.5.m) CN ; or 4.5.n) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; and k represents 0, 1, or
2; 4.6) and m represents 1, 2, or 3; 4.7) wherein n
represents 1, 2, or 3; and p represents 0, 1, or 2;
-(CH2) - N 4.8) wherein represents 1, 2, or 3; R
represents 4.9.a) H; 4.9.b) -(C -C3)alkyl which may
optionally bear halogen or -OR179 in which R179
represents H or (Q-C^alkyl optionally substituted with
halogen; 4.9.c) -(C 3-C7)cycloalkyl which may
optionally bear halogen; 4.9.d) -(C 2-Cs)alkenyl which
may optionally bear halogen; 4.9.e) -SO2R180 wherein
R180 represents optionally substitutued phenyl or
-(CrC 3)alkyl, which may besubstituted with halogen or
-OR 181 wherein R181 represents H or (CrC 3)alkyl
which may optionally bear halogen; 4.9.f)-C(O)R182
wherein R182 represents optionally substituted phenyl
or -(C 1-C3)alkyl which may optionally bear up to 3
substituents independently selected from 4.9.fl)
halogen; 4.9.f2) optionally substituted phenyl;
4.9.f3) -S(O)2CH3 ; 4.9.f4) OR183 wherein R183
represents H or (C1-C3)alkyl which may optionally bear
halogen; and 4.9.f5) -NR 184R185 in which R184 and
R185 are independently H or -(Ci-C3)alkyl which may
optionally bear halogen or OR185a wherein R185a
represents H or (C C3)alkyl, or R184 and R185 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR wherein R186 represents H or (Ci-C3)alkyl;
4.9g) -C(O)OR187 wherein R187 represents (C C4)alkyl;
or 4.9.h) -C(O)-NR188R189 wherein R188 and R189 each
independently represents H or -(Q-C-Oalkyl which may
optionally bear halogen, or R188 and R189 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR190 wherein R190 represents H or (CrC 3)alkyl; r
represents 0, 1, or 2; and s represents 0 or 1;4.10)
wherein R191 represents 4.10.a) H; 4.10.b) -(CrC
3)alkyl which may optionally bear halogen . or-OR 192
in which R192 represents H or (C1-C3)alkyl; 4.10c)
-SO2R193 wherein R193 represents phenyl or -(CrC
3)alkyl, both of which may be substituted with halogen
or -(CrC 3)alkyl; 4.10.d) -C(O)R194 wherein R194
represents (Q-C^alkyl which may optionally bear up to
3 substituents independently selected from 4.10.dl)
halogen; 4.10.d2) phenyl; 4.10.d4) OR195 wherein R195
represents H or (Q-C 3)alkyl which may optionally bear
halogen; and 4.10.d5) -NR 196R197 in which R196 and
R197 are independently H or -(CrC 3)alkyl which may
optionally bear halogen or OR197a wherein R197a
represents H or (Cr C3)alkyl, or R196 and R197 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR wherein R198 represents H or (Q-C^alkyl;
4.lO.e) -C(O)OR199 wherein R199 represents (d-C
3)alkyl; or 4.10.f)-C(O)-NR 200R201 wherein R200 and
R201 each independently represents H or -(Q-Cs^lkyl
which may optionally bear halogen, or R200 and R201
may be joined and taken together with the N atom to
which they are attached form a 5-6 membered ring which
mayoptionally contain a ring member selected from O,
S, and NR202 wherein R202 represents H or
(C1-C3)alkyl; and X represents O, S, S(O)2 , or NR203
wherein R203 represents H or -(Ci-C 3)alkyl; and t
represents 0, 1, or 2; 



4.11) -C(O)R204 wherein R204 represents optionally
substituted phenyl or - (Ci-C3)alkyl which may
optionally bear up to 3 substituents independently
selected from 4.1 La) halogen; 4.11.b) optionally
substituted phenyl; 4.1Lc) OR205 wherein R205
represents H or -(C 1-C3)alkyl which may optionally
bear halogen; and 4.12) -C(O)-NR 206R207 wherein R206
and R207 each independently represents H or (Ci-C
3)alkyl, or R206 and R207 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O and S, said alkyl or
ring optionally bearing up to 3 substituents
independently selected from 4.12.a) halogen; 4.12.b)
optionally substituted phenyl; 4.12.C) OR208 wherein
R208 represents H or -(Cl-C3)alkyl which may
optionally bear halogen; and O NH 4.12.d) ; 4.13)
halogen; or 4.14) CN; or a pharmaceutically acceptable
salt thereof.In still yet another preferred
embodiment, the present invention provides a compound
of formula (I) wherein: X0 represents C; R1 represents
1.1) phenyl which may optionally bear up to 4
substituents independently selected from the group
consisting of l.l.a) (Ci-C4)alkyl, which may
optionally bear up to 3 substituents independently
selected from 1.1.al) halogen; 1.1.a2) OR5 wherein R5
represents H or (C1-C3)alkyl which may optionally bear
halogen; 1.1.a3) -NR6R7 in which R6 and R7 are
independently H or -(Ci-C3)alkyl which may optionally
bear halogen or R6 and R7 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR8 wherein R8
represents H or (C1-C3)alkyl; and 1.1.a4) an
imidazole, thiazole, oxazole, pyridine, pyrazole,
pyrimidine, isoxazole, isothiazole, thiophene, or
furan; l.l.b) -(C3-C6)cycloalkyl which may optionally
bear up to 2 substituents independently selected from
l.l.bl) halogen; 1.1.c) OR10 whereinR10 represents H;
phenyl; benzyl; (C3-C6)cycloalkyl; or (Q-GOalkyl which
may optionally bear up to 3 substituents independently
selected from 1.1.cl) halogen; 1.1 .c2) OR11 wherein
R1 represents H or (Ci-C 3)alkyl; and 1..1.C3) NR12R13
in which R12 and R13 are independently H or -(C
1-C3)alkyl which may optionally bear halogen, or R12
and R13 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR14 wherein R14 represents H
or (C1-C3)alkyl; 1.1.e) -C(O)-NR 16R17 wherein R16
represents H or (C1-C3) yI which may optionally bear
halogen; and R17 represents H or -(C 1-C4)alkyl which
is optionally substituted with l.l.el) halogen;
1.1.e5) -OR 18 wherein R18 represents H or
(C1-C3)alkyl which may optionally bear halogen; or
1.1.e6) -NR 19R20 in which R19 and R20 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen, or R19 and R20 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR2 1 wherein R2
1 represents H or (C C3)alkyl; 1.1.f) -N(R22)-C(O)-R
23 wherein R22 represents H or (Ci-C 3)alkyl; and R23
represents optionally substituted phenyl, or (CrC
4)alkyl; l.l.g) -SO2NR28R29 whereinR28 represents H or
(C1-C3)alkyl which may optionally bear halogen; and
R29 represents H or -(C 1-C4)alkyl which is optionally
substituted with: l.l.gl) halogen; .I.l.g4) SO2CH3 ;
1.1.g5) -OR30 wherein R30 represents H or (Q-C 3)alkyl
which may optionally bear halogen; or 1.1.g6) -NR31R32
in which R31 and R32 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R31 and R32 may be joined and taken together with the
N atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR33 wherein R33 represents H
or (d-C 3)alkyl; l.l.h) -N(R 34)-SO2-R35 wherein R34
represents H or (Q-C 3)alkyl, and R35 represents
optionally substituted phenyl, or (Ci-C 4)alkyl which
is optionally substituted with 1.1.hi) halogen;
LLi)-NR 40R4 1 in which R40 and R4 1 are independently
H or -(Ci-C 3)alkyl which may optionally bear halogen
or OR42 in which R42 represents H or (Ci-C 3)alkyl, or
R40 and R41 may be joined and taken together with the
N atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR wherein R43 represents H or
(C1-C3)alkyl; l.l.j) halogen; 1.1.1) NO2 ; l.l.m) CN ;
and l.l.n) an imidazole, thiazole, oxazole, pyridine,
pyrazole, pyrimidine, isoxazole, isothiazole,
thiophene, or furan;l.l.o) -C(O)-R209 wherein R209
represents H or -(Q-C 4)alkyl which may optionally
bear up to 3 halogens; or R1 represents 1.2) a 5-6
membered aromatic heterocycle selected from imidazole,
thiazole, oxazole, pyridine, pyrazole, pyrimidine,
isoxazole, isothiazole, thiophene, and furan; said R1
heterocycle optionally bearing up to 4 substituents
independently selected from the group consisting of
1.2.a) (C C4)alkyl, which may optionally bear up to 3
substituents independently selected from 1.2.al)
halogen; 1.2.a2) OR45 wherein R45 represents H or (C
C3)alkyl which may optionally bear halogen; 1.2.a3)
-NR 46R47 in which R46 and R47 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R46 and R47 may be joined and taken together with the
N atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR48 wherein R48 represents H
or (Ci-C3)alkyl; and 1.2.a4) an imidazole, thiazole,
oxazole, pyridine, pyrazole, pyrimidine, isoxazole,
isothiazole, thiophene, or furan; 1.2.b) -(C3-C
)cycloalkyl which may optionally bear up to 2
substituents independently selected from 1.2.bl)
halogen; 1.2.c) OR50 wherein R50 represents H; phenyl;
benzyl; -(C3-C6)cycloalkyl; or -(CrC 4)alkyl which may
optionally bear up to 3 substituents independently
selected from 1.2.cl) halogen; 1.2.e)
-C(O)-NR56R57whereinR56 represents H or (Q-C 3)alkyl
which may optionally bear halogen; and R57 represents
H or -(Q-G^alkyl which is optionally substituted with
1.2.el) halogen; or 1.2.e5) -OR58 wherein R58
represents H or (CrC 3)alkyl which may optionally bear
halogen; 1.2.f)-N(R62)-C(O)-R63 wherein R62 represents
H or (CrC 3)alkyl; and R63 represents optionally
substituted phenyl, or (C1-C4)alkyl; 1.2.g)
-SO2NR68R69 wherein R68 represents H or (Ci-C3)alkyl
which may optionally bear halogen; and R69 represents
H or -(Q-C^alkyl which is optionally substituted with
1.2.gl) halogen; or 1.2.g5) -OR70 wherein R70
represents H or (C C3)alkyl which may optionally bear
halogen; 1.2.h) -N(R74)-SO2-R75 wherein R74 represents
H or (Cr C3)alkyl, and R75 represents optionally
substituted phenyl, or (Ci-C4)alkyl which is
optionally substituted with 1.2.hl) halogen; 1.2.i)
-NR 80R8 1 in which R80 and R81 are independently H or
-(d-C 3)alkyl which may optionally bear halogen or
OR81a wherein R81a represents H or (Ci-C 3)alkyl, or
R80 and R8 1 may be joined and taken together with the
N atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR82 wherein R82 represents H
or (Q-C 3)alkyl; 1.2.j) halogen; 1.2.k) optionally
substituted phenyl;1.2.1) NO2 ; 1.2.m) CN ; and 1.2.n)
an imidazole, thiazole, oxazole, pyridine, pyrazole,
pyrimidine, isoxazole, isothiazole, thiophene, or
furan; 1.2.o) -C(O)-R 210 wherein R210 represents H or
-(CrC 4)alkyl which may optionally bear up to 3
halogens; R represents halogen; which may optionally
bear halogen; or -O(C 1-C3)alkyl which may optionally
bear halogen; R3 represents hydrogen; halogen; -(C
1-C5)alkyl which may optionally bear halogen; or -O(C
1-C3)alkyl which may optionally bear halogen; R4
represents 4.1) -(C r C5)alkyl which is optionally
substituted with 4.1. a) -(C3-C5)cycloalkyl which may
optionally bear halogen or OR109 wherein R109
represents H or (Cr C3)alkyl; 4.1.b) -halogen; 4.1.c)
-OR110 wherein R110 represents H or -(d-C^alkyl which
may optionally bear up to 3 substituents independently
selected from 4.1.cl) halogen; 4.1.c2) phenyl; 4.1x4)
OR111 wherein R111 represents H or (Ci-C 3)alkyl which
may optionally bear halogen; and 4.1.c5) -NR 112R113
in which R112 and R113 are independently H or -(C
-C3)alkyl which may optionally bear halogen, or R112
and R113 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR114 wherein R114 represents
H or (C1-C3) yI;4.1.d) -NR115R116 wherein R115
represents H or -(CrC 3)alkyl which may optionally
bear halogen and R116 represents H, optionally
substituted phenyl, or -(C1-C5)alkyl which may
optionally bear up to 3 substituents independently
selected from 4.1.dl) halogen; 4.1.d2) -S(O)2CH3 ;
4.1.d3) OR117 wherein R117 represents H or
(C1-C3)alkyl which may optionally bear halogen; and
4.1.d4) -NR 118R119 in which R118 and R119 are
independently H or -(Q-C 3)alkyl which may optionally
bear halogen, or R118 and R119 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR120 wherein
R120 represents H or (C1-C3)alkyl; or 4.Lf) a 5-6
membered aromatic heterocycle containing up to two
heteroatoms selected from O, S, and N; 4.2) wherein
R121 represents -(C 1-C3)alkyl which may optionally
bear halogen or -OR 122 in which R122 represents H or
-(Ci-C3)alkyl; d represents 1, 2, or 3; e represents 0
or 1; f represents 0, 1, or 2;4.3) R represents -(C r
C3)alkyl which may optionally bear halogen or-OR 124
in which R124 represents H or - (Ci-C3)alkyl; g
represents 1, 2, or 3; h represents 0, 1, or 2;
-(CH2)- N NR125 4.4) - wherein R125 represents 4.4.a)
H; 4.4.b) -(CrC 3)alkyl which may optionally bear
halogen or -OR126 in which R126 represents H or
-(C1-C3)alkyl which in turn is optionally substituted
with halogen; 4.4.c) -SO2R127 wherein R127 represents
optionally substituted phenyl, or -(C1-C3)alkyl which
may optionally bear halogen or OR128 wherein R128
represents H or (Ci-C3)alkyl; 4Ad) -C(O)R129 wherein
R129 represents 4.4.dl) optionally substituted phenyl,
4.4.d2) -(CrC 3)alkyl which may optionally bear up to
3 substituents independently selected from 4.4.d2.1)
halogen; 4Ad2 A) -OR130 wherein R130 represents H or
(Ci-C3)alkyl which may optionally bear halogen; and
4.4.d2.5) -NR 131R132 in which R131 and R132 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen, or R131 and R132 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ringwhich may optionally contain a
ring member selected from O, S, and NR133 1' ' wherein
R represents H or (CrQOalkyl; 4.4.d3) -OR 134 wherein
R134 represents (C C3)alkyl which may optionally bear
halogen; or 4.4.d4) NR135R136 wherein R135 and R136
are independently H or -(Ci-C 3)alkyl which may
optionally bear halogen, or R135 and R136 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR137 wherein R represents H or (CrC 3)alkyl; and
j represents 1, 2, or 3; 4.5) wherein X represents C
or N; R138 represents 4.5.a) (Ci-CzOalkyl, which may
optionally bear up to 3 substituents independently
selected from 4.5.al) halogen; 4.5.a2) OR139 wherein
R139 represents H or (C1-C3)alkyl which may optionally
bear halogen or -(Ci-C3)mono- or di-alkylamino;
4.5.a3) -NR140R141 in which R140 and R141 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen or OR141a wherein R141a represents H or
(C1-C3)alkyl, or R140 and R141 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring memberselected from O, S, and NR142 wherein
R142 represents H or (Ci-C 3)alkyl; and 4.5.a4) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 4.5.b)
-(C3-C6)cycloalkyl which may optionally bear up to 2
substituents independently selected from 4.5.M)
halogen; 4.5.c) OR144 wherein R144 represents H;
phenyl; benzyl; (C3-C6)cycloalkyl; or (C1-C4)alkyl
which may optionally bear up to 3 substituents
independently selected from 4.5.cl) halogen; 4.5.c2)
OR145 wherein R145 represents H or (Q-C 3)alkyl which
may optionally bear (C1-C )InOnO- or dialkylamino; and
4.5.c3) NR146R147 in which R146 and R1473 are
independently H or -(C C3)alkyl which may optionally
bear halogen, or R146 and R147 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR148 wherein
R148 represents H or (Q-C^alkyl; 4.5.e) -C(O)-NR
150R151 wherein R150 represents H or (Q-C^alkyl which
may optionally bear halogen; and R151 represents H or
-(CrC 4)alkyl which is optionally substituted with
4.5.el) halogen; 4.5.e3) phenyl; 4.5.e4) -SO2CH3
;4.5.e5) -OR 152 wherein R152 represents H or
(C1-C3)alkyl which may optionally bear halogen; or
4.5.e6) -NR 153R154 in which R 153 and R154 are
independently H or -(C 1-C3)BIlCyI which may . .
optionally bear halogen, or R 153 and R154 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR155 wherein R155 represents H or (Q-C 3)alkyl;
4.5.f) -N(R 156)-C(O)-R 157 wherein R156 represents H
or (d-C 3)alkyl; and R157 represents H, optionally
substituted phenyl, or (CrC 4)alkyl which is
optionally substituted with 4.5.f 1) optionally
substituted phenyl, 4.5.f2) OR158 wherein R158
represents H or (d-C 3)alkyl, or 4.5.f3) NR159R160
wherein R159 and R160 are independently H or -(C
1-C3)alkyl which may optionally bear halogen, or R 159
and R160 may be joined and taken together with the N
atom to which they are attached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR 161 wherein R161 represents
H or (C1-C3)alkyl; 4.5.g) -SO 2NR162R163 wherein R
represents H or (C1-C3)alkyl which may optionally bear
halogen; and R represents H or -(Q-C 4)alkyl which is
optionally substituted with 4.5.gl) halogen; 4.5.g3)
phenyl;4.5.g4) -SO 2CH3 ; 4.5.g5) -OR 164 wherein R164
represents H or (C1-C3)EIlCyI which may optionally
bear halogen; or 4.5.g6) -NR 165R166 in which R165 and
R166 are independently H or -(Q-C^alkyl which may
optionally bear halogen, or R165 and R166 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR167 wherein R167 represents H or (Q-C^alkyl;
4.5.h) -N(R 168)-SO 2-R169 wherein R168represents H or
(C1-C3)alkyl, and R169 represents H, optionally
substituted phenyl, or (Ci-C 4)alkyl which is
optionally substituted with 4.5.hl) halogen, 4.5.h2)
optionally substituted phenyl, 4.5.h3) OR170 wherein
R170 represents H or (C1-C3)alkyl which may optionally
bear halogen, or 4.5.h4) NR171R172 wherein R171 and
R172 are independently H or -(C 1-C3)alkyl which may
optionally bear halogen, or R171 and R172 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring 1T X 1T X member selected
from O, S, and NR wherein R represents H or
(C1-C3)alkyl; 4.5.i)-NR 174R175 in which R174 and R175
are independently H or -(CrC 3)alkyl which may
optionally bear halogen or OR175a wherein R175a
represents H or (CrC 3)alkyl, or R174 and R175 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionallycontain a ring member selected from O, S,
and NR176 wherein R176 represents H or (Q-C^alkyl;
4.5.j) halogen; 4.5.I)NO2 ; 4.5.m) CN ; or 4.5.n) a
5-6 membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; and k
represents O, 1, or 2; 4.6) wherein R177 represents H
or -(C1-C3)alkyl; and m represents 1, 2, or 3; -(CH
2)- N 4.7) n" -f/ S<O 'pm wherein n represents 1, 2,
or 3; and p represents 0, 1, or 2; -(CH2V N \ 4.8) H v
wherein q represents 1, 2, or 3; R represents 4.9.a)
H; 4.9.b) -(CrC 3)alkyl which may optionally bear
halogen or -OR179 in which R179 represents H or (d-C
3)alkyl optionally substituted with halogen; 4.9.c)
-(C 3-C7)cycloalkyl which may optionally bear halogen;
4.9.d) -(C 2-C5)alkenyl which may optionally bear
halogen; 4.9.e) -SO2R180 wherein R180 represents
optionally substitutued phenyl or -(C -C3)alkyl, which
may be substituted with halogen or -OR 181 wherein
R181represents H or (C1-C3)EIlCyI which may optionally
bear halogen; 4.9.f) -C(O)R 182 wherein R 182
represents optionally substituted phenyl or -(CrC
3)alkyl which may optionally bear up to 3 substituents
independently selected from 4.9.fl) halogen; 4.9.f2)
optionally substituted phenyl; 4.9.f3) -S(O) 2CH3 ;
4.9.f4) OR183 wherein R183 represents H or (Ci-C
3)alkyl which may optionally bear halogen; and 4.9.f5)
-NR 184R185 in which R184 and R185 are independently H
or -(Q-C^alkyl which may optionally bear halogen or
OR185a wherein R185a represents H or (Q-Cs^lkyl, or
R184 and R185 may be joined and taken together with
the N atom to which they are attached form a 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR1 wherein R186
represents H or (C1-C3)alkyl; 4.9g) -C(O)OR 187
wherein R187 represents (Cr C4)alkyl; or 4.9.h)
-C(O)-NR 188R1 9 wherein R188 and R189 each
independently represents H or -(CrC )alkyl which may
optionally bear halogen, or R188 and R189 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O, S,
and NR190 wherein R190 represents H or (Cr C3)alkyl; r
represents 0, 1, or 2; and s represents 0 or 1;X )
NR191 4.10) - wherein R191 represents 4.10.a) H;
4.10.b) -(C 1-C3)alkyl which may optionally bear
halogen or-OR 192 in which R192 represents H or
(C1-C3)alkyl; 4.10c) -SO2R193 wherein R193 represents
phenyl or -(Q-C 3)alkyl, both of which may be
substituted with halogen or -(d-C 3)alkyl; 4.10.d)
-C(O)R 194 wherein R194 represents (Ci-C 3)alkyl which
may optionally bear up to 3 substituents independently
selected from 4.10.dl) halogen; 4.10.d2) phenyl;
4.10.d4) OR195 wherein R195 represents H or (Q-C
3)alkyl which may optionally bear halogen; and
4.10.d5) -NR 196R197 in which R196 and R197 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen or OR197a wherein R197a represents H or
(CrC 3)alkyl, or R196 and R197 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally contain
a ring member selected from O, S, and NR198 wherein
R198 represents H or (C1-C3 CyI; 4.lO.e) -C(O)OR 199
wherein R199 represents (Cr C3)alkyl; or
4.10.f)-C(O)-NR 200R201 wherein R200 and R201 each
independently represents H or -(CrC 3)aikyl which may
optionally bear halogen, or R200 and R201 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which
mayoptionally contain a ring member selected from O,
S, and NR202 wherein R202 represents H or
(Ci-C3)alkyl; and X represents O, S, S(O)2 , or NR203
wherein R203 represents H or -(C 1-C3)alkyl; and t
represents O, 1, or 2; 4.11) -C(O)R204 wherein R204
represents optionally substituted phenyl or -
(Q-C^alkyl which may optionally bear up to 3
substituents independently 



selected from 4.1 La) halogen; 4.11.b) optionally
substituted phenyl; 4.1 Lc) OR205 wherein R205
represents H or -(C 1-C3)alkyl which may optionally
bear halogen; and O NH 4.1Ld) - ; 4.12) -C(O)-NR
206R207 wherein R206 and R207 each independently
represents H or (Ci-C 3)alkyl, or R206 and R207 may be
joined and taken together with the N atom to which
they are attached form a 5-6 membered ring which may
optionally contain a ring member selected from O and
S, said alkyl or ring optionally bearing up to 3
substituents independently selected from 4.12.a)
halogen; 4.12.b) optionally substituted phenyl;
4.12.C) OR208 wherein R208 represents H or
-(Cl-C3)alkyl which may optionally bear halogen; and O
NH 4.12.d) V_/ ; 4.13) halogen; or 4.14) CN; or a
pharmaceutically acceptable salt thereof.In another
embodiment, the present invention provides a compound
of formula (J) R1 wherein: X0 represents C or N; R1
represents 1.1) phenyl which may optionally bear up to
4 substituents independently selected from the group
consisting of 1.1.a) (Ci-C4)alkyl, which may
optionally bear up to 3 halogen substituents; l.l.b)
OR10 wherein R10 represents H; phenyl; benzyl;
(C3-C6)cycloalkyl; or (C1-C4)alkyl which may
optionally bear up to 3 halogen substituents; l.l.c)
halogen; and l.l.d) -C(O)-R209 wherein R209 represents
H or -(Cl-C4)alkyl which may optionally bear up to 3
halogens; or R1 represents 1.2) a 5-6 membered
aromatic heterocycle selected from imidazole,
thiazole, oxazole, pyridine, pyrazole, pyrimidine,
isoxazole, isothiazole, thiophene, and furan; said R1
heterocycle optionally bearing up to 4 substituents
independently selected from the group consisting of
1.2.a) (C1-GOaIkVl, which may optionally bear up to 3
halogn substituents;1.2.b) OR50 wherein R50 represents
H; phenyl; benzyl; - (C3-Q)cycloalkyl; or -(CrC
4)alkyl which may optionally bear up to 3 halogen
substituents; 1.2.c) halogen; and 1.2.d) -C(O)-R210
wherein R210 represents H or -(Cl-C4)alkyl which may
optionally bear up to 3 halogens; R2 represents
halogen; -(C1-Cs)alkyl which may optionally bear
halogen; or -O(CrC 3)alkyl which may optionally bear
halogen; R3 represents hydrogen; halogen; -(Q-C
5)alkyl which may optionally bear halogen; or -O(d-C
3)alkyl which may optionally bear halogen; R4
represents 4.1) -(C1-C5)alkyl which is optionally
substituted with 4.La) -halogen; 4.1.b) -OR110 wherein
R110 represents H or -(C 1-C3)alkyl which may
optionally bear up to 3 halogen substituents 4.Lc)
-NR115R116 wherein R115 represents H or -(C 1-C3)alkyl
which may optionally bear halogen and R116 represents
H, optionally substituted phenyl, or -(Q-Cs^lkyl which
may optionally bear up to 3 substituents independently
selected from 4.1.cl) halogen; and 4.1.c2) OR117
wherein R117 represents H or (CrC 3)alkyl which may
optionally bear halogen; 4.2) represents -(C
1-C3)alkyl which may optionally bear halogen or -O-(C
1-C3)alkyl;d represents 1, 2, or 3; e represents 0 or
1; f represents 0, 1, or 2; 4.3) R123 represents -(C r
C3)alkyl which may optionally bear halogen; g
represents 1, 2, or 3; h represents 0, 1, or 2;
-(CH2)- N NR125 4.4) - wherein R125 represents 4.4.a)
H; 4.4.b) -(C -C3)alkyl which may optionally bear
halogen; 4.4.c) -SO2R127 wherein R127 represents
optionally substituted phenyl, or -(C1-C3)alkyl which
may optionally bear halogen; 4.4.d) -C(O)R129 wherein
R represents 4.4.dl) optionally substituted phenyl,
4.4.d2) -(C1-C3)alkyl which may optionally bear up to
3 substituents independently selected from 4.4.d2.1)
halogen; and 4Ad2.4) -OR130 wherein R130 represents H
or (C1-C3)alkyl which may optionally bear halogen;
4.4.d3) -OR 134 wherein R134 represents (C1-C3)alkyl;
or 4.4.d4) NR135R136 wherein R135 and R136 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen; and j represents 1, 2, or 3;4.5) wherein
Ru / represents H or -(CrC 3)alkyl; and m represents
1, 2, or 3; 4.6) wherein n represents 1, 2, or 3; and
p represents 0, 1, or 2; -(CH2 - N 4.7) wherein
represents 1, 2, or 3; R178 represents 4.8.a) H;
4.8.b) -(Ci-C 3)alkyl which may optionally bear
halogen; 4.8.c) -SO2R180 wherein R180 represents
optionally substitutued phenyl or -(Ci-C3)alkyl, which
may be substituted with halogen; 4.8.d) -C(O)R182
wherein R182 represents optionally substituted phenyl
or -(CrC 3)alkyl which may optionally bear up to 3
substituents independently selected from 4.9.dl)
halogen; and 4.9.d4) OR183 wherein R183 represents H
or (C1 C3 u yI which may optionally bear halogen;
4.8e) -C(O)OR187 wherein R187 represents (Ci-C3)alkyl;
or 4.8.f) -C(O)-NR188R189 wherein R188 and R189 each
independently represents H or -(C 1-Cs)alkyl which may
optionally bear halogen; r represents 0, 1, or 2; and
s represents 0 or 1;4.9) wherein R191 represents
4.9.a) H; 4.9.b) -(Ci-C 3)alkyl which may .optionally
bear halogen; 4.9.c) -SO2R193 wherein R193 represents
phenyl or -(Ci-C 3)alkyl, both of which may be
substituted with halogen; 4.9.d) -C(O)R 194 wherein
R194 represents (Q-C^alkyl which may optionally bear
up to 3 substituents independently selected from
4.10.dl) halogen; 4.10.d2) phenyl; and 4.10.d4) OR195
wherein R195 represents H or (Ci-C3)alkyl which may
optionally bear halogen; 4.9.e) -C(O)OR 199 wherein
R199 represents (Cr C3)alkyl; or 4.9.f)
-C(O)-NR200R201 wherein R200 and R201 each
independently represents H or -(CrC 3)alkyl which may
optionally bear halogen; X represents O, S, S(O)2 , or
NR203 wherein R203 represents H or -(Q-C 3)alkyl; and
t represents O, 1, or 2; 4.10) -C(O)R204 wherein R204
represents optionally substituted phenyl or -
(Ci-C3)alkyl which may optionally bear up to 3
substituents independently selected from 4.lO.a)
halogen; 4.lO.b) optionally substituted phenyl; 4.1Ox)
OR205 wherein R205 represents H or -(C C3)alkyl which
may optionally bear halogen; and4.11) -C(O)-NR^R ZU/
wherein R u and Rzu/ each independently represents H
or (Ci-C3)alkyl, or R206 and R207 may be joined and
taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O and S, said
alkyl or ring optionally bearing up to 3 substituents
independently selected from 4.11.a) halogen; 4.1Lb)
optionally substituted phenyl; 4.1 Lc) OR208 wherein
R208 represents H or -(Cl-C3)alkyl which may
optionally bear halogen; and O NH 4.1Ld) _ ; 4.12)
halogen; or 4.13) CN; or a pharmaceutically acceptable
salt thereof. In still another preferred embodiment,
the present invention provides a compound of formula
(I) wherein: X0 represents C; R1 represents 1.1)
phenyl bearing 1 or 2 substituents independently
selected from the group consisting of1.1.a) methyl;
1.1.b) trifluoromethyl; and 1.1.c) halogen; 1.1.d)
-C(O)-(C -C4)alkyl which may optionally bear up to 3
halogens; or R1 represents 1.2) a 5-6 membered
aromatic heterocycle selected from imidazole,
thiazole, oxazole, pyridine, pyrazole, pyrimidine,
isoxazole, isothiazole, thiophene, and furan; said R1
heterocycle optionally bearing up to 4 substituents
independently selected from the group consisting of
1.2.a) methyl; 1.2.b) trifluoromethyl; 1.2.c) halogen;
and 1.2.d) -C(O)-(C 1-C4) lCyI which may optionally
bear up to 3 halogens; R2 represents halogen; R3
represents hydrogen or halogen; and R4 represents 4.2)
represents -(C 1-C3)alkyl which may optionally bear
halogen or -O-(C 1-C3)alkyl; d represents 1, 2, or 3;
e represents 0 or 1; f represents 0, 1, or 2; 4.3) RUi
represents -(Ci-C 3)alkyl which may optionally bear
halogen;g represents 1, 2, or 3; h represents 0, 1, or
2; -(CH2)- N NR125 4.4) - wherein R represents 4.4.a)
H; 4.4.b) -(C 1-C3)alkyl which may optionally bear
halogen; 4.4.d) -C(O)R129 wherein R represents 4.4.dl)
optionally substituted phenyl, 4.4.d2) -(C1-C3)alkyl
which may optionally bear up to 3 substituents
independently selected from 4.4.d2.1) halogen; and
4.4.d2.4) -OR130 wherein R130 represents H or
(Ci-C3)alkyl which may optionally bear halogen;
4.4.d3) -OR 134 wherein R134 represents (Ci-C3)alkyl;
or 4.4.d4) NR135R136 wherein R135 and R136 are
independently H or -(Cr C3)alkyl which may optionally
bear halogen; and j represents 1, 2, or 3; 4.5)
wherein R represents H or -(Cr C3)alkyl; and m
represents 1, 2, or 3; -(CH2V-N S(O) 4.6) n - p
wherein n represents 1, 2, or 3; and p represents 0,
1, or 2;4.7) -y wherein q represents 1, 2, or 3; 4.8)
-v /s wherein R178 represents 4.8.a) H; 4.8.b) -(C
1-C3)alkyl which may optionally bear halogen; 4.8.d)
-C(O)R182 wherein R182 represents optionally
substituted phenyl or -(CrC 3)alkyl which may
optionally bear up to 3 substituents independently
selected from 4.8.dl) halogen; and 4.8.d4) OR183
wherein R183 represents H or (Ci-C3)alkyl which may
optionally bear halogen; 4.8e) -C(O)OR187 wherein R187
represents (d-C 3)alkyl; or 4.8.f)-C(O)-NR 188R189
wherein R188 and R189 each independently represents H
or -(C1-C3)alkyl which may optionally bear halogen; r
represents 0, 1, or 2; and s represents 0 or 1; or a
pharmaceutically acceptable salt thereof. In a
distinct embodiment, the present invention encompasses
a compound having the formula:
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]phenyl}-
N'-(3-tert-butylisoxazol-5-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-[4-(trifluoiOmethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pynOlo[2,l-f][l,
2,4]triazin-5-yl]phenyl}-
N'-[2~fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(m.orpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-[4-fluoro-3-(trifluoromethyl)phenyl]urea; N-
{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2,6-
difluorophenyl}-N'-[2-jfluoro-5-(trifluoromethyl)pheny
l]urea; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyirolo
[2, 1-f] [1,2,4]triazin-5-yl]-2- fluorophenyl }-N'-
[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{5-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]pyridin-2- yl}-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyi
tolo[2,l-f][l,2,4]triazin-5-yl]-3-
fluorophenyl}-N'-[4-(trifluoromethyl)pyridm-2-yl]urea;
N- - -amino - morpholin -ylmethy pyrrolo -f l l
triazin S-y pyridm yl
}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(moipholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5- difluorophenyl }-N'-
[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(mo
holin-4-ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-5-yl]-2,
6-
difluorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]ur
ea; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5-yl]-2,5- difluorophenyl }-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(moipholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-3- ffluorophenyl}-N'- [2-fluoro-5
-(trifluoromethyl)phenyl] urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-3-
fluorophenyl}-N'-[3-(trifluorometliyl)plienyl]urea;
N-{5-[4-amino-7-(rnorpholin-4-ylmethyl)pyrrolo[2,l-f][
l,2,4]triazin-5-yl]pyridin-2-
yl}-N'-[4-fluoro-3-(trifluoromethyl)phenyl]urea;
N-{5-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]pyridin-2-
yl}-N'-[4-chloiO-3-(trifluoromethyl)phenyl]urea;
N-{5-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]pyridin-2- yl
}-N'-[3~(trifluoromethyl)phenyljurea;
N-{5-[4-amino-7-(moipholin-4-ylm.ethyl)pyrrolo[2,l-f|[
l,2,4]triazin-5-yl]pyridin-2- yl
}-N'-[2-fluoro-3-(trifluoromethyl)phenyl]urea;
N-{5-[4-amino-7-(niorrholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]pyridin-2- yl
}-N'-[3-fluoiO-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-[4-fluoro-3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-ammo-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- methylphenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
l-fj[l ,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
l-f][l ,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[4-fluoro-3-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[3-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-3-
methylphenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyitolo[2,
1-f] [1,2,4]triazin-5-yl]-2- methoxyphenyl
}-N'-(3-tert-butylisoxazol-5-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
methoxyphenyl}-N'-[4-(trifluoroinethyl)pyridin-2-yl]ur
ea; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
methoxyphenyl}-N'-[4-fluoro-3-(trifluoromethyl)phenyl]
urea; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2- methoxyphenyl
}-N'-[3-(trifluoromethoxy)phenyl]urea;
N-{4-[4-amino-7-(moipholin-4-ylmethyl)pyrrolo [2,
l-f][l ,2,4]triazin-5-yl] -2- methoxyphenyl
}-N'-[4-chloro-3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(moipholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
methoxyphenyl}-N'-[2-chloro-5-(trifluoromethyl)phenyl]
urea; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2- methoxyphenyl}-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-3-
methoxyphenyl}-N'-[2-fluoiO-5-(trifluoiOmethyl)phenyl]
urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-3-
methoxyphenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]ure
a; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2, 1-f] [1,2,4]triazin-5-
yl}phenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea
;
N-(4-{4-amino-7-[(3-oxopiperazin-1-yl)methyl]pyrrolo[2
, 1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-(4-{4-amino-7-[(3-oxopiperazin-l-yl)methyl]pyrrolo[2
,l-f][l,2,4]triazin-5-
yl}phenyl)-N'-[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-[2-fluoro-3-(trifluoromethyl)phenyl
]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f|[l
,2,4]triazin-5-yl]-2-
methoxyphenyl}-N'-[6-(trifluoromethyl)pyridin-2-yl]ure
a; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]phenyl }-
N'-(5-tert-butyl-2-methoxyphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(2,5-dimethylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2,1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(5-methylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1~f]
[1,2,4]triazin-5-yl]phenyl }- N'-(3-methylphenyl)urea
hydrochloride;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]phenyl}-
N'-(2-tert-butylrhenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }- N'-(3-ethylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'~[3-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyp.Olo[2,l-f][l
,2,4]triazin-5-yl]phenyl}-
N'-[2-chloro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
l-f][l ,2,4]triazin-5-yl]phenyl }-
N'-(4-tert-butylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-[4-chloro-3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]phenyl}-
N'-(5-fluoropyridin-2-yl)urea;
N-{4-[4-airiino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-fl
[l,2,4]triazin-5-yl]phenyl}-
N'-[5-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(6-methylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-[2-fluoro-3-(trifluoromethyl)phenyl]urea;
N-(3-acetylphenyl)-N'-{4-[4-amino-7-(morpholin-4-ylmet
hyl)pyrrolo[2,1- f][1,2,4]triazin-5-yl]phenyl}urea
trifluoroacetate;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pypOlo[2,l-f][l,
2,4]triazin-5-yl]plienyl}- N'-(3,4-dimethylphenyl)urea
trifluoroacetate;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-fj
[1,2,4]triazin-5-yl]phenyl }-
N'-(3,5-dimethylphenyl)urea trifluoroacetate;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(3-chloro-4-methylphenyl)urea trifluoroacetate;
N-{4-[4-ainino-7-(morpholin-4-ylmethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5-yl]phenyl }-
N'-(5-chloropyridin-2-yl)urea;
N-{4-[4-arnino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][
l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(3-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-chloro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazm-5-yl]-2- fluorophenyl
}-N'-(3-chlorophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(3-bromophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]phenyl}-
N'-[6-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyriOlo[2,l-f][l
,2,4]triazm-5-yl]phenyl}-
N'-(6-bromopyridin-2-yl)urea; N-
{4-[4-amino-7-(morpholin-4-ylmethyl)ryrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(6-methoxypyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2,1-f]
[1,2,4]triazin-5-yl]phenyl }-
N'-(6-ethylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morrholin-4-ylmethyl)ryrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(6-methoxypyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazm-5-yl]-2- fluorophenyl
}-N'-(6-bromopyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]phenyl}- N'-(3-phenoxyphenyl)urea;
N-(4-{4-amino-7-[(l,l-dioxidothiomorpholin-4-yl)methyl
]pyrrolo[2,lf][
1,2,4]triazin-5-yl}-2-fluororhenyl)-N'-(3-ethylphenyl)
urea; N-(4- {4-amino-7-[(1,1-dioxidothiomof
holin-4-yl)methyl]pyrrolo [2,1- f][1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-(3-methylphenyl)urea;
N-(4-{4-amino-7-[(l,l-dioxidothiomorpholin-4-yl)methyl
]pyrrolo[2,lf][
l,2,4]triazin-5-yl}-2-fluorophenyl)-N'-[3-(trifluorome
thyl)phenyl]urea; N-(4-{4-amino-7-[(l
,l-dioxidothiomorpholin-4-yl)methyl]pyrrolo[2, 1- f
][1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-[4-(trifluoromethyl)pyridin-2-yl]
urea;
N-(4-{4-amino-7-[(l,l-dioxidothiomorpholin-4-yl)methyl
]pyrrolo[2,lf][ 1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phen
yl]urea; tert-butyl 4-[(4-amino-5-{4-[({ [2-fluoro-5-
(trifluoromethyl)phenyl]amino
}carbonyl)amino]phenyl}pyrrolo[2,1-f] [1,2,4]triazin-
7-yl)methyl]piperazine-1-carboxylate;
N-{4-[4-amino-7-(piperazin- 1-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]phenyl }-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;tert-butyl
4-[(4-amino-5-{3-fluoro-4-[({ [2-fluoro-5-
(trifluoiOmethyl)phenyl]amino }carbonyl)amino]phenyl
}pyrrolo[2, 1-f] [1,2,4]triazin-
7-yl)methyl]piperazine- 1-carboxylate;
N-[4-(4-amino-7-{[4-(methylsulfonyl)piperazin-l-yl]met
hyl}pyrrolo[2,lf][
l,2,4]triazin-5-yl)phenyl]-N'-[2-fluoro-5-(trifluoiOme
thyl)phenyl]urea; N-[4-(4-amino-7-
{[4r(ethylsulfonyl)piperazin- 1-yljmethyl Jpyrrolo
[2,1-
f][l,2,4]triazin-5-yl)phenyl]-N'-[2-fluoro-5-(trifluor
omethyl)phenyl]urea; N-[4-(4-amino-7-
{[4-(isopropylsulfonyl)piperazin- 1-yl]methyl }pyrrolo
[2,1-
f][l,2,4]triazin-5-yl)phenyl]-N'-[2-fluoro-5-(trifluor
omethyl)phenyl]urea; N-{4-[4-amino-7
({4-[(2,2,2-trifluoroethyl)sulfonyl]piperazin- l - yl
}methyl)pyrrolo[2, 1-fj [1,2,4]triazin-5-yl]phenyl
}-N'-[2-fluoro-5- (trifluoromethyl)phenyl]urea; N-(4-
{7-[(4-acetylpiperazin-l -yl)methyl]-4-aminopyrrolo[2,
1-f] [1,2,4]triazin-5-
yl}phenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea
;
N-(5-{7-[(4-acetylpiperazin-l-yl)methyl]-4-aminopyrrol
o[2,l-f][l,2,4]triazin-5-
yl}pyridin-2-yl)-N'-[2-fluoro-5-(trifluoromethyl)pheny
l]urea; N-(4- {7-[(4-acetylpiperazin-
1-yl)methyl]-4-aminopyrrolo [2, 1-f]
[1,2,4]triazin-5-yl }-
2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea; tert-butyl 4-({4-amino-5-[4-({
[(6-bromopyridin-2-
yl)amino]carbonyl}amino)rhenyl]pyrrolo[2,l-f][l,2,4]tr
iazin-7- yl }methyl)piperazine-1-carboxylate;
N-{4-[4-amino-7-(piperazin-l-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]phenyl}-N'-
(6-bromopyridin-2-yl)urea; N-(4-
{4-amino-7-[(4-isopropylpiperazin-
1-yl)methyl]pyrrolo[2,1-f] [1,2,4]triazin-5- yl
}phenyl)-N'-(6-bromopyridin-2-yl)urea; N-(4-
{7-[(4-acetylpiperazin-l -yl)methyl]-4-aminopyrrolo[2,
1-f] [1,2,4]triazin-5-
yl}phenyl)-N'-(6-bromopyridin-2-yl)urea;
N-[4-(4-amino-7-{[4-(methylsulfonyl)piperazin-l-yl]met
hyl}pyrrolo[2,lfJ[
l,2,4]triazin-5-yl)phenyl]-N'-(6-bromopyridin-2-yl)ure
a; N-[4-(4-amino-7- {[4-(2-hydroxyethyl)pirerazin-
1-yl]methyl }pyrrolo[2, 1-
f][l,2,4]triazin-5-yl)phenyl]-N'-(6-bromopyridin-2-yl)
urea;4-amino-N-(2,2,2-trifluoroethyl)-5- {4-[(
{[6-(trifluoromethyl)pyridin-2- yl]amino
}carbonyl)amino]phenyl Jpyrrolo[2, 1-f]
[1,2,4]triazine-7-carboxamide;
4-amino-N-(tert-butyl)-5-{4-[({[6-(trifluoromethyl)pyr
idin-2- yllaminoJcarbony^aminolphenylJpy
pOloPJ-fltl^^jtriazine-V-carboxamide;
N-[4-(7-acetyl-4-aminopy
pOlo[2,l-f][l,2,4]triazin-5-yl)phenyl]-N'-[6-
(trifluorome.thyl)ryridin-2-yl]urea;
N-[4-(7-acetyl-4-aminopy
pOlo[2,l-f][l,2,4]triazin-5-yl)phenyl]-N'-(6-bromopyri
din- 2-yl)urea; N-[4-(7-acetyl-4-aminopyrrolo[2, 1-f]
[1,2,4]triazin-5-yl)phenyl]-N'-[2-fluoro-5-
(trifluoroniethyl)phenyl]urea; N-{4-[4-amino-7-(
1-hydroxyethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]phenyl }-N- [6-
(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(l-hydroxyethyl)pyrrolo[2,l-f][l,2,4]t
riazin-5-yl]phenyl}-N I-(6- bromopyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylacetyl)pyrrolo[2, 1-f]
[ 1,2,4]triazin-5-yl]phenyl }-N1-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-( 1-hydroxy-1-methylethyl)pyrrolo
[2,1-f] [1,2,4]triazin-5-
yl]phenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea
; N-{4-[4-amino-7-(hydiOxymethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-N -[6-
(trifluoromethyl)pyridin-2-yl]urea;
N-[4-(4-amino-7-{[(2,2,2-trifluoroethyl)amino]methyl}p
yrrolo[2,l-f][l,2,4]triazin-
5-yl)phenyl]-N'-[6-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo
[2,1-f] [1,2,4]triazin-5-yl]phenyl }-
N'-[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpiOpyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]phenyl }-
N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo
[2,l-f][l ,2,4]triazin-5-yl] -2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
tert-butyl 4-(4-amino-5-{3-fluoro-4-[({ [2-fluoro-5-
(trifluoromethyl)phenyl] amino }carbonyl)amino]phenyl
}pyrrolo[2, 1-f] [1,2,4]triazin- 7-yl)piperidine-
1-carboxylate; 91N-[4-(4-amino-7-piperidin-4-ylpyrrolo
[2,1-f] [1,2,4]triazin-5-yl)-2-fluorophenyl] -N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea; 



N-(4- {4-amino-7-[
1-(trifluoroacetyl)riperidin-4-yl]pyrrolo [2,1-f]
[1,2,4]triazin-5-yl }-
2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea;
N-{4-[4-amino-7-(l-methylpiperidin-4-yl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-airdno-7-(l-glycoloylpiperidin-4-yl)pyrrolo[2,
l-f][l,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-(4-{4-amino-7-[l-(morpholin-4-ylacetyl)piperidin-4-y
l]pyrrolo[2,lf][ 1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phen
yl]urea; N-(4- {4-amino-7-[
1-(2-hydroxyethyl)pireridin-4-yl]pyrrolo [2, 1-f]
[1,2,4]triazin-5-
yl}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea; N-{4-[7-( l-allylpiperidin-4-yl)-4-amino
ryrrolo[2, 1-f] [1,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea; ethyl
[4-(4-amino-5-{3-fluoro-4-[({[2-fluoro-5-
(trifluoromethyl)phenyl]amino }carbonyl)amino]rhenyl
Jpyrrolo[2, 1-f] [1,2,4]triazin-
7-yl)piperidin-l-yl]acetate; [4-(4-amino-5-
{3-fluoro-4- [({[2-fluoro-5-
(trifluoromethyl)phenyl]amino }carbonyl)amino]phenyl
}pyrrolo[2, 1-f] [1,2,4]triazin-
7-yl)piperidin-l-yl]acetic acid;
2-[4-(4-amino-5-{3-fluoro-4-[({[2-fluoro-5-
(trifluoromethyl)phenyl] amino }carbonyl)amino]phenyl
}pyrrolo[2, 1-f] [1,2,4]triazin- 7-yl)piperidin-
1-yl]-N-methylacetamide; N-(4- {4-amino-7-
[l-(2,3-dihydroxypropyl)piperidin-4-yl]pyrrolo[2, 1-
f][l,2,4]triazin-5-yl}-2-fluorophenyl)-N'-[2-fluoro-5-
(trifluoromethyl)phenyl]urea; N-(4- {4-amino-7-[
1-(2,2,2-trifluoroethyl)piperidin-4-yl]pyrrolo[2, 1-f]
[1,2,4]triazin-
5-yl}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)
phenyl]urea;
4-{4-amino-5-[3-fluoro-4-({[4-(trifluoromethyl)pyridin
-2- yl]carbamoyl }amino)phenyl]pyrrolo[2, 1-f]
[1,2,4]triazin-7-yl }-N-ethylpiperidine- 1-
carboxamide;
4-{4-amino-5-[3-fluoro-4-({[4-(trifluoromethyl)pyridin
-2-
yl]carbamoyl}amino)phenyl]pyriOlo[2,l-f][l,2,4]triazin
-7-yl}-N-tertbutylpiperidine- 1-carboxamide;
4-{4-amino-5-[3-fluoro-4-({[4-(trifluoromethyl)pyridin
-2- yljcarbamoyl }amino)phenyl]pyrrolo[2, 1-f]
[1,2,4]triazin-7-yl }-Nisopropylpiperidine-
1-carboxamide;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(mof holin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin~5-yl]-2- chlorophenyl
}-N'-(4-tert-butylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylinethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
chlorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-(3-bromophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2,1-f]
[1,2,4]triazin-5-yl] -2- chlorophenyl
}-N'-(3-chlorophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl] -2- chlorophenyl
}-N'-(3-methoxyrhenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-(4-methylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
chlorophenyl}-N'-(3-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-fluoro- 5-methylphenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea; N-(4-
{4-amino-7- [(1,1
-dioxidothiomorpholin-4-yl)methyl]pyriOlo[2,1-
f][l,2,4]triazin-5-yl}-2-fluorophenyl)-N'-(3-chlorophe
nyl)urea; N-(4- {4-amino-7-[(
1,1-dioxidothiomorpholin-4-yl)methyl]pyrrolo[2, 1-
f][1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-[2-chloro-5-(trifluoromethyl)phen
yl]urea;N-(4-{4-amino-7-[(l,l-dio
cidothiomorpholin-4-yl)methyl]pyrrolo[2,lf]
[1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-(4-tert-butylpyridin-2-yl)urea;
N-(4- {4-amino-7-[( 1, l-dio
cidothiomorpholin-4-yl)methyl]pyrrolo[2, 1- f]
[1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-(4-methylpyridin-2-yl)urea; N-(4-
{4-amino-7-[(
1,l-dioxidothiomorpholin-4-yl)methyl]pyrrolo [2,1- f]
[1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-(2-fluoro-5-methylrhenyl)urea;
N-(4- {4-amino-7-[(l
,1-dioxidothiomorpholin-4-yl)methyl]pyrrolo[2, 1-
f][1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-(3,4-dichlorophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-(3-chlorophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N!-[2-chloro-5-(trifluoroinethyl)pheny
l]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-fluoiO- 5-methylphenyl
}-N'-(2-fl.uoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-fluoro- 5-methylphenyl}-N
-[2-chloro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-fluoro- 5-methylphenyl
}-N'-(3-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-fl[l
,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[4-chloro-3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(4-tert-butylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazm-5-yl]-2,5- difluorophenyl
}-N'-(3,4-dichlorophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-(4-tert-butylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-(3-tert-butylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-(3-ethylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyriOlo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(3-ethylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl]-2,5-
difluoiOphenyl}-N'-[4-chloro-3-(trifluoromethyl)phenyl
]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)ryriOlo[2,l-fl[l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(3,4-dichlorophenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-(3,5-dimethylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[3-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-(4- {4-amino-7-[(4-methylpiperazin-
1-yl)carbonyl]pyrrolo[2,1-f] [1,2,4]triazin-5-
yl}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2,1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[3-(trifluoromethyl)phenyl]urea;
N-(4-{4-amino-7-[(3-oxopiperazin-l-yl)methyl]pyrrolo[2
,l-f][l,2,4]triazin-5-yl}-2-
fluorophenyl)-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2,1-f] [1,2,4]triazin-5-yl }-
2,5-difluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2,1-f] [1,2,4]triazin-5-yl }-2-
methylphenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2, 1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5- yl]phenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(1,4-oxazepan-4-ylmethyl)pyriOlo[2,
1-f] [1,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5-yl] -2- fluorophenyl
}-N'-(4-tert-butylpyridin-2-yl)urea; N-{4-[4-amino-7-(
1,4-oxazepan-4-ylraethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl] -2,5- difluorophenyl
}-N'-(4-tert-butylpyridin-2-yl)urea;N-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-chloro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(l,4-oxazepan-4-ylmethyl)pyrrolo[2,l-f
][l,2,4]triazin-5-yl]-2-
chlorophenyl}-N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(l-glycoloylpiperidin-4-yl)pyrrolo[2,l
-f][l,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-[2-fluoiO-5-(txifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl] -2-
fluorophenyl}-N'-(4-fluoro-3-methylphenyl)urea;
N-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-(3-ethylphenyl)urea; N-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5- yl]phenyl
}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl }-N'-
[3-(trifluoromethyl)phenyl]urea; N-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl }-N'-
[4-(trifluoromethyl)pyridin-2-yl]urea;
1-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
methylphenyl}-3-[4-(trifluoromethyl)pyridin-2-yl]urea;
N- {4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; 1-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2,5- difluorophenyl
}-3-(2-fluoro-5-methylphenyl)urea; 1-{4-[4-ainino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5- yl]phenyl
}-3-(2-fluoro-5-methylphenyl)urea;
N-[4-(4-amino-7-{3-[(2S)-2-(methoxymethyl)pyrrolidin-l
-yl]propyl}pyrrolo[2,lf]
[1,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-fluoro-5-(t
rifluorometliyl)phenyl]urea;
N-[4-(4-amino-7-{3-[(2S)-2-(methoxymethyl)pyrrolidin-l
-yl]propyl}pyrrolo[2,lf]
[1,2,4]Uiazm-5-yl)-2,5-difluorophenyl]-N'-[2-fluoiO-5-
(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-pyrrolidin-l-ylpropyl)pyrrolo[2,l-f
][l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoiOmethyl)phenyl]u
rea;
N-(4-{4-amino-7-[3-(4-methylpiperazin-l-yl)propyl]pyri
Olo[2,l-f][l,2,4]triazin-5-
yl}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea;
N-(4-{7-[3-(4-acetylpiperazin-l-yl)propyl]-4-aminopyrr
olo[2,l-f][l,2,4]triazin-5-
yl}-2-fluorophenyl.)-N'-[2-fluoro-5-(trifluoiOmethyl)p
henyl]urea; N-(4- {4-amino-7-[3-(
1,1-dioxidothiomorpholin-4-yl)propyl]pyrrolo[2, 1- f]
[1,2,4]triazin-5-yl
}-2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phen
yl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; 1- {4-[4-amino-7-(3-hydroxypropyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-3-[2-fluoro-5-(trifl.uoromethyl)phenyl]u
rea; N-(4-{4-amino-7-[3-(
1,4-oxazepan-4-yl)propyl]pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoiO-5-(trifluoroinethyl)phenyl]
urea; N-(4-
{4-amino-7-[3-(dimethylamino)propyl]pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoro-5-(trifl.uoromethyl)phenyl]
urea;
N-(4-{4-amino-7-[3-(3-oxopiperazin-l-yl)propyl]pyrrolo
[2,l-f][l,2,4]triazin-5-yl}- 2-fluorophenyl)-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-thiomorpholin-4-ylpropyl)pyrrolo[2,
l-f][l,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoiOmethyl)phenyl]urea;
N-[4-(4-amino-7- {3-[ethyl(2-hydroxyethyl)amino]propyl
}pyrrolo[2, 1-
f][l,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-fl
ioro-5-(trifl.uoiOmethyl)phenyl]urea; tert-butyl
3-{4-amino-5-[3-fluoro-4-({[2-fluoro-5-
(trifluoromethyl)phenyl]carbamoyl
}amino)phenyl]pyrrolo[2, 1-f] [1,2,4]triazin-7- yl
Jpyrrolidine-1-carboxylate; tert-butyl
3-{4-amino-5-[4-({ [2-fluoro-5-
(trifluoromethyl)phenyl]carbamoyl
}amino)phenyl]pyrrolo [2, 1-f] [1,2,4]triazin-7-
yl}pyrrolidine-l-carboxylate;
l-[4-(4-amino-7-pyrrolidin-3-ylpyrrolo[2,l-f][l,2,4]tr
iazin-5-yl)-2-fluorophenyl]-3-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;1-(4-
{4-amino-7-[1-(methylsulfonyl)pyrrolidin-3-yl]pyrrolo
[2,1-f] [1,2,4]triazin-5- yl
}-2-fluorophenyl)-3-[2-fluoro-5-(trifluoromethyl)pheny
l]urea; 1-{4-[7-(
l-acetylpyrrolidin-3-yl)-4-aminopyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl
}-3-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
3-{4-amino-5-[3-fluoro-4-({ [2-fluoro-5-
(trifluoiOmethyl)phenyl]carbamoyl}amino)phenyl]pyrrolo
[2, 1-f] [1,2,4]triazin-7-yl }-
N,N-dimethylpyriOlidine-1-carboxamide;
l-{4-[4-amino-7-(l-glycoloylpyrrolidin-3-yl)pyrrolo[2,
l-f][l,2,4]triazin-5-yl]-2-
fluorophenyl}-3-[2-fluoro-5-(trifluoromethyl)phenyl]ur
ea; 1-{4-[7-(
1-acetylpyrrolidin-3-yl)-4-aminopyrrolo[2, l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-3-[4-(trifluoromethyl)pyridin-2-yl]urea;
1-[4-(4-amino-7-ryrrolidin-3-ylpyrrolo[2, 1-f]
[1,2,4]triazin-5-yl)phenyl]-3-[2-fluoro-
5-(trifluoromethyl)phenyl]urea; 1-{4-[7-(
1-acetylpyrrolidin-3-yl)-4-aminopyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-3-
[2-fluoro-5-(trifluoromethyl)phenyl]urea; tert-butyl
3-{4-amino-5-[3-fluoro-4-({[4-(trifluoromethyl)pyridin
-2- yl]carbamoyl }amino)phenyl]pyrrolo[2, 1-f]
[1,2,4]triazin-7-yl }pyrrolidine- 1- carboxylate;
4-{4-amino-5-[3-fluoro-4-({[2-fluoro-5-
(trifluoromethyl)phenyl]carbamoyl
}amino)phenyl]pyrrolo[2, 1-f] [1,2,4]triazin-7-yl} -
N-methylpiperidine- 1-carboxamide;
4-{4-amino-5-[3-fluoro-4-({ [2-fluoro-5-
(trifluoromethyl)phenyl]cait>amoyl}amino)phenyl]pyrrol
o[2, 1-f] [1,2,4]triazin-7-yl }-
N,N-dimethylpiperidine- 1-carboxamide;
N-{4-[4-amino-7-(2-morpholin-4-ylethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-[2-fl.uoro-5-(trifluoromethyl)phenyl]urea; N-
{4-[4-amino-7-(2-morpholin-4-ylethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-(4- {4-amino-7-[2-(dimethylamino)ethyl]pyrrolo
[2, 1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-(4- {4-amino-7-[2-(4-methylpiperazin-
1-yl)ethyl]pyrrolo[2, 1-f] [1,2,4]triazin-5-yl }-
2-fluorophenyl)-N'-[2-fluoro-5-(trifluoiOmethyl)phenyl
]urea;
N-[4-(4-amino-7-{2-[2-(methoxymethyl)pyrrolidin-l-yl]e
thyl}pyrrolo[2,lf][
l,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-fluoro-5-(tr
ifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(2-pyriOlidin-l-ylethyl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoiOmethyl)phenyl]u
rea; N-{4-[4-amino-7-(3-mor rholin-4-yl
rropyl)pyrrolo[2,l-f][l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-chloro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(3-mor
rholin-4-ylpropyl)pyrrolo[2,l-f][l,2,4]triazin-5-yl]-2
- fluorophenyl }-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[7-( 1-acetylpiperidin-4-yl)-4-aminopyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
chloiOphenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(2-hydroxyethyl)pyrrolo[2,l-f][l,2,4]t
riazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(3-mor
rholin-4-ylpropyl)pyrrolo[2,l-f][l,2,4]triazin-5-yl]-2
- fluorophenyl }-N'-(3-methylphenyl)urea;
N-{4-[4-amino-7-(3-moipholin-4-ylpropyl)pyriOlo[2,l-f]
[l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(4-morpholin-4-ylbutyl)pyrrolo[2,l-fI[
l,2,4]triazin-5-yl]-2- fluorophenyl
}-N1-[2-fluoro-5-(trifluoromethyl)phenyl]urea; N-
{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo[2, 1-fJ
[1,2,4]triazin-5-yl]-2- chlorophenyl }-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea; N-(4-
{4-amino-7-[2-( 1,4-oxazeran-4-yl)ethyl]pyrrolo [2,
1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2, 1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-chloro-5-(trifluoromethyl)phenyl]u
rea; N-
{4-[4-amino-7-(2-morpholin-4-ylethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-(4-tert-butylpyridin-2-yl)urea;
N-{4-[4-amino-7-(l-lactoylpiperidin-4-yl)pyrrolo[2,l-f
][l,2,4]triazin-5-yl]-2- chlorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea; N-(4-
{4-amino-7-
[1-(cyclopropylcarbonyl)piperidin-4-yl]pyrrolo[2, 1-
f][l,2,4]triazin-5-yl}-2-chlorophenyl)-N'-[2-fluoro-5-
(trifluoromethyl)phenyl]urea;
N-(4-{4-amino-7-[l-(morpholin-4-ylacetyl)piperidin-4-y
l]pyrrolo[2,lf][
1,2,4]triazin-5-yl}-2-chlorophenyl)-N'-[2-fluoro-5-(tr
ifluoromethyl)phenyl]urea; N-(4-
{4-amino-7-[l-(methylsulfonyl)piperidin-4-yl]pyrrolo[2
, l-f][l ,2,4]triazin-5-
yl}-2-chlorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea;
N-{4-[4-amino-7-(l-glycoloylpiperidin-4-yl)pyrrolo[2,l
-f][l,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N1-[2rfluoro-5-(trifluoromethyl)phenyl
]urea; N-[4-(4-amino-7-glycoloylpyrrolo[2, l-f][l
,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-
fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(
l-cyclopropylpiperidin-4-yl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
;
N-{4-[4-amino-7-(1-glycoloylpiperidin-4-yl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; N-{4-[7-(1-acetylpiperidin-4-yl)-4-aminopyrrolo[2,
1-f][1,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea; N-(4-
{4-amino-7-[1-(cyclopropylcarbonyl)piperidin-4-yl]pyrr
olo[2, 1-
f][l,2,4]triazin-5-yl}-2-fluorophenyl)-N'-[4-(trifluor
omethyl)pyridin-2-yl]urea; N-(4-
{4-amino-7-[1-(methylsulfonyl)riperidin-4-yl]pyrrolo[2
,1-f] [1,2,4]triazin-5- yl
}-2-fluorophenyl)-N'-[4-(trifluoromethyl)pyridin-2-yl]
urea; N-(4-
{4-amino-7-[1-(N,N-dimethylglycyl)piperidin-4-yl]pyrro
lo [2, 1-f] [1,2,4]triazin- 5-yl
}-2-chlorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phen
yl]urea; N-(4- {4-amino-7-[
1-(2-methoxyethyl)piperidin-4-yl]pyrrolo[2, 1-f]
[1,2,4]triazin-5- yl
}-2-chlorophenyl)-N'~[2-fluoro-5-(trifluoromethyl)phen
yl] urea;
N-[4-(4-amino-7-piperidin-4-ylpyrrolo[2,l-f][l,2,4]tri
azin-5-yl)phenyl]-N'-[2-
fluoro-5-(trifluoromethyl)phenyl]urea; N-(4-
{4-amino-7-[1-(2-ethoxyethyl)piperidin-4-yl]pyrrolo
[2, 1-f] [1,2,4]triazin-5-yl }-
2-chlorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea; N-(4-
{4-amino-7-[1-(2-ethoxyethyl)piperidin-4-yl]pyrrolo
[2,1-f] [1,2,4]triazin-5- yl
}phenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl] urea;
N-(4-{4-amino-7-[l-(2,2-difluoroethyl)piperidin-4-yl]p
yrrolo[2,l-fl[l,2,4]triazin-5- yl
}phenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(l-glycoloylpiperidin-4-yl)pyrrolo[2,l
-fl[l,2,4]triazin-5- yl]phenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
4-(4-amino-5-{4-[({ [2-fluoro-5-
(trifluoromethyl)phenyl]amino}caibonyl)amino]phenyl
}pyrrolo[2,l -f ][l ,2,4]triazin-
7-yl)-N,N-dimethylpiperidine-l-carboxamide;
N-{4-[4-amino-7-(l-cyclopropylpiperidin-4-yl)pyrrolo[2
,l-f][l,2,4]triazin-5- yl]phenyl }-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
1-{4-[4-amino-7-(2-morpholin-4~ylethyl)ryitolo[2, 1-f]
[1,2,4]triazin-5-yl]phenyl }-3-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
1-{4-[4-amino-7-(2-moipholin-4-ylethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5-yl]-2- fluorophenyl
}-3-[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-( 1-hydroxyprop-2-en-1-yl)pyrrolo
[2,1-f] [1,2,4]triazin-5-yl] -2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(l-hydroxyethyl)pyrrolo[2,l-f][l,2,4]t
riazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-[4-(7-acetyl-4-aminopyrrolo [2,1-f]
[1,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-
fluoro-5-(trifluoromethyl)phenyl]urea; N-
{4-[4-amino-7-( 1,2-dihydroxyethyl)pyrrolo[2,1-f]
[1,2,4]triazin-5-yl] -2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(
1,2,3-trihydroxypropyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; 2-(4-amino-5-{3-fluoro-4-[({ [2-fluoro-5-
(trifluoromethyl)phenyl] amino}carbonyl)amino]phenyl
}pyrrolo[2, 1-f] [1,2,4]triazin- 7-yl)-2-oxoethyl
acetate; N-{4-[4-amino-7-(bromoacetyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl }-
N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-(4-{4-amino-7-[(3-morpholin-4-ylpiOpoxy)acetyl]pyrro
lo[2,l-f][l,2,4]triazin-5-
yl}-2-fluorophenyl)-N'-[2-fl.uoiO-5-(trifluoromethyl)p
henyl]urea; N-[4-(7-acetyl-4-aminopyrrolo[2, 1-f]
[1,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[4-
(trifluoromethyl)pyridin-2-yl]urea; N-(4-
{4-amino-7-[(2-morpholin-4-ylethoxy)acetyl]pyrrolo [2,
1-f] [1,2,4]triazin-5-yl }-
2-fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea;
N-(4-{4-amino-7-[l-(2,2-difluoroethyl)piperidin-4-yl]p
yrrolo[2,l-f][l,2,4]triazm-5-
yl}-2,5-difluorophenyl)-N'-[2-fluoro-5-(trifluoromethy
l)phenyl]urea;N-{4-[4-amino-7-(
1-cyclopropylpiperidin-4-yl)pyrrolo [2,1-f]
[1,2,4]triazin-5-yl] -2,5-
difl.uororhenyl}-N'-[2-fluoro-5-(trifluorometliyl)plie
nyl]urea; N-(4- {4-amino-7- [1-(2,2-difluoroethyl)pi
reridin-4-yl] ryrrolo [2,1-f] [1,2,4]triazin-5-
yl}-2-chlorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea;
N-{4-[4-amino-7-(l-cyclopropylpiperidin-4-yl)pyrrolo[2
,l-f][l,2,4]triazin-5-yl]-2-
chlorophenyl}-N'-[2-fluoiOr-5-(txifluoromethyl)phenyl]
urea; tert-butyl4-(4-amino-5- {3-chloro-4-[(
{[2-fluoro-5-
(trifluoiOmethyl)phenyl]amino}carbonyl)amino]phenyl}py
rrolo[2,l-f][l,2,4]triazin- 7-yl)piperidine-
1-carboxylate; N-[4-(4-ap
no-7-piperidin-4-ylpyrrolo[2,l-f][l,2,4]triazin-5-yl)-
2-chlorophenyl]-N I-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-[4-(4-amino-7-formyl
ryrrolo[2,l-f][l,2,4]triazin-5-yl)-2-fluoro
rhenyl]-N'-[4- (trifluoromethyl)pyridin-2-yl]urea;
N-[4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
(trifluoromethyl)phenyl]-N'-[3-(trifluoromethyl)phenyl
]urea;
teit-butyl-4-(4-amino-5-{3-fluoro-4-[({[4-(trifluorome
thyl)pyridin-2- yl]amino }carbonyl)amino]phenyl
}pyrrolo [2, 1-f] [1,2,4]triazin-7-yl) rireridine- 1-
carboxylate; N-[4-(4-amino-7-piperidin-4-yl
ryrrolo[2,l-f][l,2,4]triazin-5-yl)-2-fluorophenyl]-N
l- [4-(trifluoromethyl)pyridin-2-yl]urea;
tert-butyl-4-(4-amino-5- {4-[( {[2-fluoro-5-
(trifluoiOmethyl)phenyl] amino }carbonyl)amino]phenyl
}pyitolo [2, 1-f] [1,2,4]triazin- 7-yl)piperidine-
1-carboxylate;
N-{4-[4-amino-7-(l,3-oxazol-5-yl)pyrrolo[2,l-f][l,2,4]
triazin-5-yl]-2- fluorophenyl
}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea;
tert-butyl-4-(4-amino-5- {2,5-difluoro-4-[(
{[2-fluoro-5- (trifluoromethyl)phenyl] amino
}carbonyl)amino]phenyl }pyrrolo [2,1-f]
[1,2,4]triazin- 7-yl)piperidine- 1-carboxylate;
N-[4-(4-amino-7-piperidin-4-ylpyrrolo[2,l-f][l,2,4]tri
azin-5-yl)-2,5-
difluorophenyl]-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea;
N-{4-[4-amino-7-(morpholin-2-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-[4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
(trifluoromethoxy)phenyl]-N'-[2-fluoro-5-(trifluoromet
hyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- methylphenyl
}-N'-(4-tert-butylpyridin-2-yl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2- methylphenyl
}-N'-(2-fluoiO-5-methylphenyl)urea; N-
{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[2-chloro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2- methylphenyl
}-N'-[3-(trifluoromethyl)phenyl]urea; tert-butyl-2-({
[(4-amino-5-{3-fluoro-4-[({ [2-fluoro-5-
(trifluoromethyl)phenyl]amino }carbonyl)amino]phenyl
}pyrrolo[2, 1-f] [1,2,4]triazin- 7-yl)carbonyl]amino
}methyl)morpholine-4-carboxylate; 4-amino-5-
{3-fluoro-4-[({[2-fluoro-5-
(trifluoromethyl)phenyl]amino}carbonyl)amino]phenyl}-N
-(morpholin-2- ylmethyl)pyrrolo[2,1-f]
[1,2,4]triazine-7-carboxamide;
N-[4-(4-amino-7-{[2-(methoxymethyl)pyrrolidin-l-yl]car
bonyl}pyrrolo[2,lf][
l,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-fluoro-5-(tr
ifluoromethyl)phenyl]urea; N-[4-(4-amino-7-
{[2-(methoxymethyl)pyrrolidin- 1-yl]carbonyl
}pyrrolo[2,1- f] [1,2,4]triazin-5-yl)-2-methylphenyl]
-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-[4-(4-amino-7-{[2-(methoxymethyl)pyrrolidin-l-yl]car
bonyl}pyrrolo[2,lf]
[1,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[3-(trifluorom
ethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholm-4-ylmethyl)pyrrolo[2,l-f][l,
2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[1-oxido-4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]phenyl }- N'-
[1-oxido-4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-2-ylcarbonyl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea; N-(4-
{4-amino-7- [(4-methylpiperazin- l-yl)carbonyl]pyrrolo
[2,1-f] [1,2,4]triazin-5 -
yl}phenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea
; N-(4- {4-amino-7- [(4-methylpiperazin-
l-yl)carbonyl]pyrrolo [2,1-f] [1,2,4]triazin-5- yl
}-2-fluorophenyl)-Nl-[3-(trifluoromethyl)phenyl]urea;
4-amino-5-{4-[({ [2-fluoro-5-
(trifluoromethyl)phenyl]amino }carbonyl)amino]phenyl
}-N-(morpholin-2- ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazine-7-carboxamide;
4-amino-5-{3-fluoro-4-[({ [3-
(trifluoromethyl)phenyl]amino }carbonyl)amino]phenyl
}-N-(morpholin-2- ylmethyl)pyrxolo[2, 1-f]
[1,2,4]triazine-7-carboxamide; 4-amino-5-{4-[({
[2-chloro-5-
(txifluoromethyl)phenyl]amino}carbonyl)amino]phenyl}-N
-(morpholin-2- ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazine-7-carboxamide; 4-amino-5-
{2,5-difluoro-4-[( {[2-fluoro-5-
(trifluoromethyl)phenyl]amino}carbonyl)amino]phenyl}-N
-(morpholin-2- ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazine-7-carboxamide; 1-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl
}-3-[1-oxido-4-(trifluoromethyl)pyridin-2-yl]urea;
N-(4- {4-amino-7-[(4-methylpiperazin-
1-yl)carbonyl]pyrrolo[2, 1-f] [1,2,4]triazin-5- yl
}-2-fluorophenyl)-N'-
[4-(trifluoromethyl)pyridin-2-yl]urea;
1-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-
yl]phenyl}-3-[l-oxido-4-(trifluoromethyl)pyridin-2-yl]
urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[l-oxido-4-(trifluoromethyl)pyridin-2
-yl]urea;
N-{4-[4-amino-7-(morpholin-2-ylcarbonyl)pyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-2-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]-2- fluorophenyl }-N
-[3-(trifluoromethyl)phenyl]urea; or a
pharmaceutically acceptable salt thereof. In another
preferred embodiment, the present invention provides a
compound having the formula:
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-fluorophenyl}-
N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)
ryrrolo[2,l-f][l,2,4]triazin-5-yl] rhenyl}-N'-[4-
(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(rnorpholin-4-ylmethyl)pyrrolo[2,l-f][
l,2,4]triazin-5-yl]phenyl}-N'-[2-
fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2,1-f]
[1,2,4]triazin-5-yl] -2-fluorophenyl }-
N'-[4-(trifluorometliyl)pyridin-2-yl]urea;
N-{5-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]pyridin-2-yl }-N'-
[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl }-
N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea; N-{4-[4-amino-7-(mof holin-4-ylmethyl)pypOlo[2,
1-f] [1,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-
methylphenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo [2, 1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(mof holin-4-ylmethyl)pyrrolo [2,
1-f] [1,2,4]triazin-5-yl]-2-fluorophenyl }- N
-[2-chloro-5-(trifluoromethyl)phenyl]urea; N-(4-
{4-amino-7-[( 1,1-dioxidothiomorpholin-4-yl)methyl]
ryrrolo [2, 1-f] [1,2,4]triazin-5- yl
}-2-fluorophenyl)-N'-
[4-(trifluoromethyl)pyridin-2-yl]urea; N-(4-
{4-amino-7-[(
1,1-dioxidothiomoipholin-4-yl)methyl]pyrrolo [2,1-f]
[1,2,4]triazin-5- yl }-2-fluorophenyl)-N'- [2-fluoro-5
-(trifluoromethyl)phenyl] urea; N-(4-
{7-[(4-acetylpiperazin- 1-yl)methyl]-4-aminopyrrolo
[2, 1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(3-morpholin-4-yl
rropyl)pyrrolo[2,l-f][l,2,4]triazin-5-yl]phenyl}-N'-[2
- fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo[2,l-fl
[l,2,4]triazm-5-yl]-2-
fluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]u
rea; N-{4-[4-amino-7-(l-glycoloylpiperidin-4-yl)
ryrrolo[2,l-f][l,2,4]triazin-5-yl]-2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
[4-(4-arnino-5-{3-fluoiO-4-[({[2-fluoro-5-
(trifluoromethyl)phenyl] amino }carbonyl)amino]phenyl
Jpyrrolo[2,1-f] [1,2,4]triazin-7- yl)piperidin-l-yl]
acetic acid; 2-[4-(4-amino-5-{ 3-fluoro-4-[({
[2-fluoro-5- (trifluorom.ethyl)phenyl]amino
}carbonyl)amino]phenyl }pyrrolo[2,1-f]
[1,2,4]triazin-7- yl)piperidin-
1-yl]-N-methylacetamide; .
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2-chlorophenyl}-
N'-[3-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(niorpholin-4-ylmethyl)
ryrrolo[2,l-f][l,2,4]triazin-5-yl]-2-chlorophenyl}-
N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)
ryrrolo[2,l-f][l,2,4]triazin-5-yl]-2-chlorophenyl}-
N'-[4-(trifluoromethyl)pyridin-2-yl]urea; N-(4-
{4-amino-7-[(
1,1-dioxidothiomorpholin-4-yl)methyl]pyrrolo [2, 1-f]
[1,2,4]triazin-5- yl
}-2-fluorophenyl)-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l
,2,4]triazin-5-yl]-2,5- difluorophenyl
}-N'-(2-fluoro-5-methylphenyl)urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl }-
N'-(2-fluoro-5-methylphenyl)urea; N-(4-
{4-amino-7-[(3-oxopiperazin- 1-yl)methyl]pyrrolo[2,
1-f] [1,2,4]triazin-5-yl }-2-
fluorophenyl)-N'-[4-(trifl.uoromethyl)pyridin-2-yl]ure
a; N-(4- {4-amino-7-[(3-oxopiperazin-
1-yl)methyl]pyrrolo[2, 1-f] [1,2,4]triazin-5-yl }-2,5-
difluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea; N-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo[2, 1-f|
[1,2,4]triazin-5-yl]rhenyl }-N'- [2-
fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(l ,4-oxazepan-4-ylmethyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea; N-{4-[4-amino-7-(
1-glycoloylpiperidin-4-yl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl] -2- chlorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(l,4-oxazepan-4-ylmethyl)pyrrolo[2,l-f
][l,2,4]triazm-5-yl]-2- fluorophenyl
}-N'-(4-fluoro-3-methylphenyl)urea; N-{4-[4-amino-7-(
1,4-oxazepan-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl] -2- fluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-( 1,4-oxazepan-4-ylmethyl)pyrrolo
[2,1-f] [1,2,4]triazin-5-yl] -2- fluorophenyl
}-N'-[4-(trifluoiOmethyl)pyridin-2-yl]urea;
N-[4-(4-amino-7-
{3-[(2S)-2-(methoxymethyl)pyrrolidin-l-yl]propyl
}pyrrolo[2,1-
f][l,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[2-fluoro-5-
(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-morpholin-4-yl
rropyl)ryriOlo[2,l-f][l,2,4]triazin-5-yl]-2,5-
difluorophenyl
}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-(3-morpholin-4-ylpropyl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
; 



l-{4-[4-amino-7-(l-glycoloylpyrrolidin-3-yl)pyrrolo[2,
l-f][l,2,4]triazin-5-yl]-2-
fluorophenyl}-3-[2-fluoro-5-(trifluoromethyl)phenyl]ur
ea; 1- {4-[7-(
l-acetylpyrrolidin-3-yl)-4-aminopyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl }-
3-[4-(trifluoromethyl)pyridin-2-yl]urea;
4-{4-armno-5-[3-fluoro-4-({[2-fluoro-5-
(trifluoromethyl)phenyljcarbamoyl
}amino)phenyl]pyrrolo[2, 1-f] [1,2,4]triazin-7-yl
}-Nmethylpiperidine- 1-carboxamide;
N-{4-[4-amino-7-(2-morpholin-4-ylethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl }-
N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea;
N-{4-[4-amino-7-( l-glycoloylpiperidin-4-yl)pyrrolo[2,
1-f] [1,2,4]triazin-5-yl]-2,5-
difluorophenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl
]urea; N-{4-[4-amino-7-(
l-glycoloylriperidin-4-yl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-
fluorophenyl}-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
;
N-{4-[7-(l-acetylpiperidin-4-yl)-4-aminopyrrolo[2,l-f]
[l,2,4]triazin-5-yl]-2-fluorophenyl}-
N'-[4-(trifluoromethyl)pyridin-2-yl]urea;
N-{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl }-
N'-[l-oxido-4-(trifluoromethyl)pyridin-2-yl]urea; or a
pharmaceutically acceptable salt thereof. Definitions
Where the plural form of the word compounds, salts,
polymorphs, hydrates, solvates and the like, is used
herein, this is taken to mean also a single compound,
salt, polymorph, isomer, hydrate, solvate or the
like.The compounds of this invention may contain one
or more asymmetric centers, depending upon the
location and nature of the various substituents
desired. Asymmetric carbon atoms may be present in the
(R) or (S) configuration, resulting in racemic
mixtures in the case of a single asymmetric center,
and diastereomeric mixtures in the case of multiple
asymmetric centers. In certain instances, asymmetry
may also be present due to restricted rotation about a
given bond, for example, the central bond .adjoining
two substituted aromatic rings of the specified
compounds. Substituents on a ring may also be present
in either cis or trans form. It is intended that all
such configurations (including enantiomers and
diastereomers), are included within the scope of the
present invention. Preferred compounds are those which
produce the more desirable biological activity.
Separated, pure or partially purified isomers and
stereoisomers or racemic or diastereomeric mixtures of
the compounds of this invention are also included
within the scope of the present invention. The
purification and the separation of such materials can
be accomplished by standard techniques known in the
art. The optical isomers can be obtained by resolution
of the racemic mixtures according to conventional
processes, for example, by the formation of
diastereoisomeric salts using an optically active acid
or base or formation of covalent diastereomers.
Examples of appropriate acids are tartaric,
diacetyltartaric, ditoluoyltartaric and
camphorsulfonic acid. Mixtures of diastereoisomers can
be separated into their individual diastereomers on
the basis of their physical and/or chemical
differences by methods known in the art, for example,
by chromatography or fractional crystallization. The
optically active bases or acids are then liberated
from the separated diastereomeric salts. A different
process for separation of optical isomers involves the
use of chiral chromatography (e.g., chiral HPLC
columns), with or without conventional derivitization,
optimally chosen to maximize the separation of the
enantiomers. Suitable chiral HPLC columns are
manufactured by Diacel, e.g., Chiracel OD and Chiracel
OJ among many others, all routinely selectable.
Enzymatic separations, with or without derivitization,
are also useful. The optically active compounds of
this invention can likewise be obtained by chiral
syntheses utilizing optically active starting
materials. The present invention also relates to
useful forms of the compounds as disclosed herein,
such as pharmaceutically acceptable salts,
co-precipitates, metabolites, hydrates, solvatesand
prodrugs of all the compounds of examples. The term
"pharmaceutically acceptable salt" refers to a
relatively non-toxic, inorganic or organic acid
addition salt of a compound of the present invention.
For example, see S. M. Berge, et al. "Pharmaceutical
Salts," J. Pharm. ScL 1977, 66, 1-19. Pharmaceutically
acceptable salts include those obtained by reacting
the main compound, functioning as a base, with an
inorganic or organic acid to form a salt, for example,
salts of hydrochloric acid, sulfuric acid, phosphoric
acid, methane sulfonic acid, camphor sulfonic acid,
oxalic acid, maleic acid, succinic acid and citric
acid. Pharmaceutically acceptable salts also include
those in which the main compound functions as an acid
and is reacted with an appropriate base to form, e.g.,
sodium, potassium, calcium, magnesium, ammonium, and
chorine salts. Those skilled in the art will further
recognize that acid addition salts of the claimed
compounds may be prepared by reaction of the compounds
with the appropriate inorganic or organic acid via any
of a number of known methods. Alternatively, alkali
and alkaline earth metal salts of acidic compounds of
the invention are prepared by reacting the compounds
of the invention with the appropriate base via a
variety of known methods. Representative salts of the
compounds of this invention include the conventional
non-toxic salts and the quaternary ammonium salts
which are formed, for example, from inorganic or
organic acids or bases by means well known in the art.
For example, such acid addition salts include acetate,
adipate, alginate, ascorbate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cinnamate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, glucoheptanoate,
glycerophosphate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, itaconate, lactate, maleate,
mandelate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, nitrate, oxalate, pamoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate,
propionate, succinate, sulfonate, tartrate,
thiocyanate, tosylate, and undecanoate. Base salts
include alkali metal salts such as potassium and
sodium salts, alkaline earth metal salts such as
calcium and magnesium salts, and ammonium salts with
organic bases such as dicyclohexylamine and
N-methyl-D-glucamine. Additionally, basic nitrogen
containing groups may be quaternized with such agents
as lower alkyl halides such as methyl, ethyl,propyl,
and butyl chlorides, bromides and iodides; dialkyl
sulfates like dimethyl, diethyl, and dibutyl sulfate;
and diamyl sulfates, long chain halides such as decyl,
lauryl, myristyl and strearyl chlorides, bromides and
iodides, aralkyl halides like benzyl and phenethyl
bromides and others. The term "solvates" for the
purposes of the invention are those .forms of the
compounds that coordinate with solvent molecules to
form a complex in the solid or liquid state. Hydrates
are a specific form of solvates, wherein the solvent
is water. The term "alkyl" refers to a straight-chain
or branched saturated hydrocarbon radical having
generally 1 to 6, 1 to 4 or 1 to 3 carbon atoms,
illustratively representing methyl, ethyl, npropyl,
isopropyl, tert-bvtyl, n-pentyl and ra-hexyl. The term
"cycloalkyl" refers to saturatated carbocyclic groups.
Preferred cycloalkyl groups include C -C rings,
illustratively representing cyclopropyl, cyclopentyl,
and cyclohexyl. The term "alkoxy" refers to a
straight-chain or branched hydrocarbon radical having
1 to 6, 1 to 4 or 1 to 3 carbon atoms and bound via an
oxygen atom, illustratively representing methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
pentoxy, isopentoxy, hexoxy, isohexoxy. The terms
"alkoxy" and "alkyloxy" are often used synonymously.
The term "alkylamino" refers to an amino radical
having one or two (independently selected) alkyl
substituents, illustratively representing methylamino,
ethylamino, npropylamino, isopropylamino,
tert-butylamino, n-pentylamino, n-hexylamino,
N,Ndimethylamino, L iV-diethylamino, N-ethyl-
-methylamino, -methyl- -n-propylamino, Nisopropyl-
iV-n-propylamino, -t-butyl- -methylamino, -ethyl-
-n-pentylamino and N-nhexyl- -methylamino. The term
"alkylaminocarbonyl" refers to an alkylaminocarbonyl
radical having one or two (independently selected)
alkyl substituents, illustratively representing
methylaminocarbonyl, ethylaminocarbonyl,
n-propylaminocarbonyl, isopropylaminocarbonyl,
tert-butylaminocarbonyl, n-pentylaminocarbonyl,
n-hexylaminocarbonyl, N,iV-dimethylaminocarbonyl,
N,Ndiethylaminocarbonyl, N-emyl~N-methylaminocarbonyl,
-memyl- -n-propylaminocarbonyl, -isopropyl-
-n-propylaminocarbonyl,
-t-butyl~N~methylarninocarbonyl,
N-ethyl-N-npentylamino- carbonyl and
N-n-hexyl-N-methylarninocarbonyl. The term
"alkylaniinosulfonyl" refers to an aminosulfonyl
radical having one or two (independently selected)
alkyl substitutents on the amino moiety,
illustratively representing metliylaminosulfonyl,
ethylaminosulfonyl, n-propylaminosulfonyl,
isopropylaminosulfonyl, tert-butylaminosulfonyl,
n-pentylaminosulfonyl, n-hexyl-aminosulfonyl,
N,Ndimethylaminosulfonyl, N,iV-diemylaminosulfonyl,
N-emyl- -methylaminosulfonyl, Nmethyl-
N-n-propylaminosulfonyl,
N-isopropyl-N-n-propylaminosurfonyl,
N-t-butyl-Nmethylaminosulfonyl, N-emyl-
-n-pentylaminosulfonyl and N-n-hexyl-
N-methylaminosulfonyl. The term "alkylsulfonylamino"
refers to a sulfonylamino radical having an alkyl
substituted on the sulfonylamino moiety,
illustratively representing methylsulfonylamino,
ethylsulfonylamino, n-propylsulfonylamino,
isopropylsulfonylamino, tert-butyl-sulfonylamino,
n-pentylsulfonylamino and n-hexylsulfonylamino. The
term "alkoxycarbonyl" refers to a carbonyl radical
being substituted with an alkoxy radical,
illustratively representing methoxycarbonyl,
ethoxycarbonyl, n-propoxycarbonyl, isopropoxycarbonyl,
tert-butoxycarbonyl, n-pentoxycarbonyl and
n-hexoxycarbonyl. The term "alkoxycarbonylamino"
refers to a carbonylamino radical being substituted
with an alkoxy radical on the carbonyl moiety,
illustratively representing methoxycarbonylamino,
ethoxycarbonylamino, n-propoxycarbonylamino,
isopropoxycarbonylamino, tert-butoxycarbonylamino,
n-pentoxycarbonylamino and n-hexoxycarbonylamino. The
term "heteroaryl" refers to a mono- or bicyclic
radical having 5 to 10 or 5 or 6 ring atoms and up to
4 hetero atoms selected from the group consisting of
nitrogen, oxygen and sulfur, which is aromatic at
least in one ring. It can be attached via a ring
carbon atom or a ring nitrogen atom. If it represents
a bicycle, wherein one ring is aromatic and the other
one is not, it can be attached at either ring.
Illustrative examples of such groups are thethiophene,
furan, pyrrole, thiazole, oxazole, imidazole,
pyridine, pyrimidine, pyridazine, indole, indazole,
benzofuran, benzothiophene, quinoline and isoquinoline
groups. Language reciting a 5-6 membered aromatic
heterocycle containing up to 3 heteroatoms
independently selected from the group consisting of N,
O, and S is meant to refer to aromatic heterocycles
such as .furan, thiophene, pyrrole, pyrazole,
.triazole, isoxazole, oxazole, thiazole, isothiazole,
imidaxole, an oxadiazole, 1,3,2-dioxazole,
1,2,5-oxathiazole, 1,2-pyrone, 1,4-pyrone, pyridine,
pyridazine, pyrimidine, pyrazine, a triazine, o- and
pisoxazines, 1,2,5-oxathiazine, 1,2,4-oxadiazine, and
the like. Language reciting a bicyclic heterocycle of
8-10 ring members in which at least one ring is
aromatic and contains up to 3 moieties independently
selected from the group consisting of N, N(r)O, O, and
S, and any non-aromatic ring of said bicyclic
heterocycle optionally contains up to three moieties
independently selected from the group consisting of O,
S, S(O), S(O) , and NR, is meant to refer to bicyclic
heterocycles in which at least one ring is a
5-6-membered aromatic heterocycle as discussed above,
which is fused to a second ring which may be aromatic
or nonaromatic. Where this second ring is aromatic, it
may also optionally contain up to 3 moieties
independently selected from the group consisting of N,
N O, O, and S, and where this second ring is
nonaromatic, it may optionally contain up to three
moieties independently selected from O, S, S(O),
S(O)2, and NR. The term "heterocyclyl" refers to a
saturated or partially unsaturated mono- or bicyclic
heterocyclic ring which contains 3 to 8 or 5 to 6 ring
atoms and 1 to 3 heteroatoms or hetero groups selected
independently from the group consisting of nitrogen,
oxygen and sulfur, CO, SO and SO , such as
tetrahydrofuran-2-yl, pyrrolidin-2-yl,
pyrrolidin-3-yl, pyrrolinyl, piperidinyl, morpholinyl,
or perhydroazepinyl. It can be attached via a ring
carbon atom or a ring nitrogen atom. The terms "halo"
and "halogen" refer to fluorine, chlorine, bromine or
iodine. A bicyclic carbocycle of 9-10 ring members in
which at least one ring is aromatic is a compound such
as indene, isoindene, and
tetrahydronaphthalene.Language stating that an alkyl
or alkoxy group may optionally bear halogen or may be
substituted with halogen means that the group may bear
one or more halogens, up to perhalo. Language reciting
that in a group -NRR, the two R groups may be joined
and taken together with the N atom to which they are
attached form a 5-6 membered ring which may optionally
contain a ring member selected from O, S, and NRX
wherein Rx represents H or (C1-C3)alkyl, is meant to
indicate formation of groups such as pyrrolidine,
imidazolidine, piperidine piperazine, morpholine,
thiomorpholine, and the like. Language indicating that
two substituent groups of a tertiary amino moiety may
be joined and taken together with the N to which they
are attached form an aromatic or nonaromatic 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR is meant to indicate
the possibility of forming 5-6-membered N-containing
heterocycles such as pyrrole, pyrazole, piperazine,
morpholine, piperidine, imidazole, pyrrolidine,
imidazolidene, and the like. When NR is indicated as
being part of a heterocycle, this means that the N
atom is the ring member and R is a substituent.
Language reciting a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N is meant to refer to groups such as furan,
thiophene, pyrrole, pyrazole, oxazole, isoxazole,
thiazole, isothiazole, imidazole, pyridine,
pyridazine, pyrimidine, pyrazine, isoxazine, and the
like. The term "aryl" refers to a mono- to tricyclic
carbocyclic radical, which is aromatic at least in one
ring, having generally 6 to 14 carbon atoms,
illustratively representing phenyl, naphthyl and
phenanthrenyl. The term "substituted phenyl" refers to
an phenyl radical having one or more (but typically
not more than three) groups independently selected
from halogen; alkyl such as (Ci-C 3)alkyl;alkoxy such
as O(CrC 3)alkyl; CN; cycloalkyl; heteroaryl;
heterocyclyl; amino; alkylamino such as mono- or di-
(Ci-C3)alkylamino; acylamino wherein for example the
acyl group is -C(O)(d-C 3)alkyl or -C(O)phenyl
alkoxycarbonyl; CN; NO2; alkynyl; alkenyl; C(O)NH2;
C(O)NH(C1-C3)alkyl; C(O)N((C 1-C3)alkyl)2;
C(O)NH-phenyl; -NHC(O)NH2 ; alkylaminosulfonyl;
alkylsulfonylamino; and alkoxycarbonylamino, and in
these groups, alkyl and phenyl groups may be further.
substituted with halogen.. Language stating that
phenyl may be optionally substituted with halogen
means that the phenyl group optionally may bear one or
more substituents independently selected from
fluorine, chlorine, bromine and iodine, up to a
maximum of perhalo, but typically not more than three
such groups. Language stating that a cycloalkyl group
may optionally bear halogen or alkoxy is meant to
indicate that the cycloalkyl group may be bear one or
more halogen substituents, up to perhalo, and/or it
may bear one or more alkoxy groups, generally up to a
maximum of three. The skilled in the art understand
that when two heteroatoms are attached to a single
aliphatic carbon atom, the resulting material is
usually not stable. Accordingly, in this invention,
when an aliphatic group bears two
heteroatom-containing substituents (such as amino and
alkoxy, for example) in which the heteroatoms are
joined to the aliphatic group, such
heteroatom-containing substituents will generally need
to be located on different carbon atoms of the
aliphatic material. A wavy line across the end of a
line which indicates a chemical bond extending from a
chemical substructure or functional group means that
the substructure or group is attached to the remainder
of the molecule via that bond. A carbonyl group is
indicated as C=O in a chemical structure or
substructure, or by C(O) in a typed formula. In naming
a multiunit functional group by listing the
constituent units, the terminal unit is recited first,
then the adjacent unit is recited, etc. An example of
this style of nomenclaturewould be "alkylphenyl",
which connotes an alkyl group located on a phenyl
group, which is in turn connected to the remainder of
the molecule. Conversely, the term "phenylalkyl" would
connote a phenyl group located on an alkyl group which
is in turn connected to the remainder of the molecule.
Another example would be "cycloalkylalkyl", which
connotes a cycloalkyl group connected to an alkyl
group which is in turn connected to the remainder of
the molecule. . . . In this document, for the sake of
simplicity, the names of substituent groups are
generally (but not always) given as names of the
parent compounds rather than using nomenclature which
indicates their status as substituents. Thus, for
example, if a substituent in a compound of the
invention were a pyridine ring, it would generally be
termed a "pyridine" substituent rather than a being
referred to as a "pyridyl" group. Where the
nomenclature indicating status as a substituent is not
employed, and a substituent is named in terms of its
parent, its status as a substituent will be clear from
the context. Salts of the compounds identified herein
can be obtained by isolating the compounds as
hydrochloride salts, prepared by treatment of the free
base with anhydrous HCl in a suitable solvent such as
THF. Generally, a desired salt of a compound of this
invention can be prepared in situ during the final
isolation and purification of a compound by means well
known in the art. Or, a desired salt can be prepared
by separately reacting the purified compound in its
free base form with a suitable organic or inorganic
acid and isolating the salt thus formed. These methods
are conventional and would be readily apparent to one
skilled in the art. If used as active compounds, the
compounds according to the invention are preferably
isolated in more or less pure form, that is more or
less free from residues from the synthetic procedure.
The degree of purity can be determined by methods
known to the chemist or pharmacist (see especially
Remington's Pharmaceutical Sciences, 18th ed. 1990,
Mack Publishing Group, Enolo). Preferably the
compounds are greater than 99% pure (w/w), while
purities of greater than 95%, 90% or 85% can be
employed if necessary.Throughout this document, for
the sake of simplicity, the use of singular language
is given preference over plural language, but is
generally meant to include the plural language if not
otherwise stated. E.g., the expression "A method of
treating a disease in a patient, comprising
administering to a patient an effective amount of a
compound of claim 1" is meant to include the
simultaneous treatment of more than one disease as
well as the administration of more than one compound
of claim 1. The compounds according to the invention
exhibit an unforeseeable, useful pharmacological and
pharmacokinetic activity spectrum. They are therefore
suitable for use as medicaments for the treatment
and/or prophylaxis of disorders in humans and animals.
Pharmaceutical compositions of the compounds of the
invention This invention also relates to
pharmaceutical compositions containing one or more
compounds of the present invention. These compositions
can be utilized to achieve the desired pharmacological
effect by administration to a patient in need thereof.
A patient, for the purpose of this invention, is a
mammal, including a human, in need of treatment for
the particular condition or disease. Therefore, the
present invention includes pharmaceutical compositions
that are comprised of a pharmaceutically acceptable
carrier and a pharmaceutically effective amount of a
compound, or salt thereof, of the present invention. A
pharmaceutically acceptable carrier is preferably a
carrier that is relatively non-toxic and innocuous to
a patient at concentrations consistent with effective
activity of the active ingredient so that any side
effects ascribable to the carrier do not vitiate the
beneficial effects of the active ingredient. A
pharmaceutically effective amount of compound is
preferably that amount which produces a result or
exerts an influence on the particular condition being
treated. The compounds of the present invention can be
administered with pharmaceutically-acceptable carriers
well known in the ait using any effective conventional
dosage unit forms, including immediate, slow and timed
release preparations, orally, parenterally, topically,
nasally, ophthalmically, optically, sublingually,
rectally, vaginally, and the like.For oral
administration, the compounds can be formulated into
solid or liquid preparations such as capsules, pills,
tablets, troches, lozenges, melts, powders, solutions,
suspensions, or emulsions, and may be prepared
according to methods known to the art for the
manufacture of pharmaceutical compositions. The solid
unit dosage forms can be a capsule that can be of the
ordinary hard- or soft-shelled gelatin type
containing, for example, surfactants, lubricants, and
inert fillers such as. lactose, sucrose, calcium
phosphate, and corn starch. In another embodiment, the
compounds of this invention may be tableted with
conventional tablet bases such as lactose, sucrose and
cornstarch in combination with binders such as acacia,
corn starch or gelatin, disintegrating agents intended
to assist the break-up and dissolution of the tablet
following administration such as potato starch,
alginic acid, corn starch, and guar gum, gum
tragacanth, acacia, lubricants intended to improve the
flow of tablet granulation and to prevent the adhesion
of tablet material to the surfaces of the tablet dies
and punches, for example talc, stearic acid, or
magnesium, calcium or zinc stearate, dyes, coloring
agents, and flavoring agents such as peppermint, oil
of wintergreen, or cherry flavoring, intended to
enhance the aesthetic qualities of the tablets and
make them more acceptable to the patient. Suitable
excipients for use in oral liquid dosage forms include
dicalcium phosphate and diluents such as water and
alcohols, for example, ethanol, benzyl alcohol, and
polyethylene alcohols, either with or without the
addition of a pharmaceutically acceptable surfactant,
suspending agent or emulsifying agent. Various other
materials may be present as coatings or to otherwise
modify the physical form of the dosage unit. For
instance tablets, pills or capsules may be coated with
shellac, sugar or both. Dispersible powders and
granules are suitable for the preparation of an
aqueous suspension. They provide the active ingredient
in admixture with a dispersing or wetting agent, a
suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned
above. Additional excipients, for example those
sweetening, flavoring and coloring agents described
above, may also be present. The pharmaceutical
compositions of this invention may also be in the form
of oil-in-water emulsions. The oily phase may be a
vegetable oil such as liquid paraffin or a mixture
ofvegetable oils. Suitable emulsifying agents may be
(1) naturally occurring gums such as gum acacia and
gum tragacanth, (2) naturally occurring phosphatides
such as soy bean and lecithin, (3) esters or partial
esters derived form fatty acids and hexitol
anhydrides, for example, sorbitan monooleate, (4)
condensation products of said partial esters with
ethylene oxide, for example, polyoxyethylene sorbitan
monooleate. The emulsions may also contain sweetening
and flavoring agents. Oily suspensions may be
formulated by suspending the active ingredient in a
vegetable oil such as, for example, arachis oil, olive
oil, sesame oil or coconut oil, or in a mineral oil
such as liquid paraffin. The oily suspensions may
contain a thickening agent such as, for example,
beeswax, hard paraffin, or cetyl alcohol. The
suspensions may also contain one or more
preservatives, for example, ethyl or n-propyl
p-hydroxybenzoate; one or more coloring agents; one or
more flavoring agents; and one or more sweetening
agents such as sucrose or saccharin. Syrups and
elixirs may be formulated with sweetening agents such
as, for example, glycerol, propylene glycol, sorbitol
or sucrose. Such formulations may also contain a
demulcent, and preservative, such as methyl and propyl
parabens and flavoring and coloring agents. The
compounds of this invention may also be administered
parenterally, that is, subcutaneously, intravenously,
intraocularly, intrasynovially, intramuscularly, or
interperitoneally, as injectable dosages of the
compound in preferably a physiologically acceptable
diluent with a pharmaceutical carrier which can be a
sterile liquid or mixture of liquids such as water,
saline, aqueous dextrose and related sugar solutions,
an alcohol such as ethanol, isopropanol, or hexadecyl
alcohol, glycols such as propylene glycol or
polyethylene glycol, glycerol ketals such as
2,2-dimethyl-l,l-dioxolane-4-methanol, ethers such as
poly(ethylene glycol) 400, an oil, a fatty acid, a
fatty acid ester or, a fatty acid glyceride, or an
acetylated fatty acid glyceride, with or without the
addition of a pharmaceutically acceptable surfactant
such as a soap or a detergent, suspending agent such
as pectin, carbomers, methycellulose,
hydroxypropylmethylcellulose, or
carboxymethylcellulose, or emulsifying agent and other
pharmaceutical adjuvants. Illustrative of oils which
can be used in the parenteral formulations of this
invention are those of petroleum, animal, vegetable,
or synthetic origin, for example, peanut oil,
soybeanoil, sesame oil, cottonseed oil, corn oil,
olive oil, petrolatum and mineral oil. Suitable fatty
acids include oleic acid, stearic acid, isostearic
acid and myi stic acid. Suitable fatty acid esters
are, for example, ethyl oleate and isopropyl
myristate. Suitable soaps include fatty acid alkali
metal, ammonium, and triethanolamine salts and
suitable detergents include cationic detergents, for
example dimethyl dialkyl ammonium halides, alkyl
pyridinium halides, and alkylamine acetates; anionic
detergents,. for example, alkyl, aryl, and olefin
sulfonates, alkyl, olefin, ether, and monoglyceride
sulfates, and sulfosuccinates; non-ionic detergents,
for example, fatty amine oxides, fatty acid
alkanolamides, and poly(oxyethyleneoxypropylene) s or
ethylene oxide or propylene oxide copolymers; and
amphoteric detergents, for example,
alkyl-beta-aminopropionates, and 2-alkylimidazoline
quarternary ammonium salts, as well as mixtures. The
parenteral compositions of this invention will
typically contain from about 0.5% to about 25% by
weight of the active ingredient in solution.
Preservatives and buffers may also be used
advantageously. In order to minimize or eliminate
irritation at the site of injection, such compositions
may contain a non-ionic surfactant having a
hydrophile-lipophile balance (HLB) preferably of from
about 12 to about 17. The quantity of surfactant in
such formulation preferably ranges from about 5% to
about 15% by weight. The surfactant can be a single
component having the above HLB or can be a mixture of
two or more components having the desired HLB.
Illustrative of surfactants used in parenteral
formulations are the class of polyethylene sorbitan
fatty acid esters, for example, sorbitan monooleate
and the high molecular weight adducts of ethylene
oxide with a hydrophobic base, formed by the
condensation of propylene oxide with propylene glycol.
The pharmaceutical compositions may be in the form of
sterile injectable aqueous suspensions. Such
suspensions may be formulated according to known
methods using suitable dispersing or wetting agents
and suspending agents such as, for example, sodium
carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents which may be a naturally
occurring phosphatide such as lecithin, a condensation
product of analkylene oxide with a fatty acid, for
example, polyoxyethylene stearate, a condensation
product of ethylene oxide with a long chain aliphatic
alcohol, for example, heptadecaethyleneoxycetanol, a
condensation product of ethylene oxide with a partial
ester derived form a fatty acid and a hexitol such as
polyoxyethylene sorbitol monooleate, or a condensation
product of an ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride, for
example polyoxyethylene sorbitan monooleate. The
sterile injectable preparation may also be a sterile
injectable solution or suspension in a non-toxic
parenterally acceptable diluent or solvent. Diluents
and solvents that may be employed are, for example,
water, Ringer's solution, isotonic sodium chloride
solutions and isotonic glucose solutions. Jn addition,
sterile fixed oils are conventionally employed as
solvents or suspending media. For this purpose, any
bland, fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such
as oleic acid can be used in the preparation of
injectables. A composition of the invention may also
be administered in the form of suppositories for
rectal administration of the drug. These compositions
can be prepared by mixing the drug with a suitable
non-irritation excipient which is solid at ordinary
temperatures but liquid at the rectal temperature and
will therefore melt in the rectum to release the drug.
Such materials are, for example, cocoa butter and
polyethylene glycol. Another formulation employed in
the methods of the present invention employs
transdermal delivery devices ("patches"). Such
transdermal patches may be used to provide continuous
or discontinuous infusion of the compounds of the
present invention in controlled amounts. The
construction and use of transdermal patches for the
delivery of pharmaceutical agents is well known in the
art (see, e.g., US Patent No. 5,023,252, issued June
11, 1991, incorporated herein by reference). Such
patches may be constructed for continuous, pulsatile,
or on demand delivery of pharmaceutical agents.
Controlled release formulations for parenteral
administration include liposomal, polymeric
microsphere and polymeric gel formulations that are
known in the art. It may be desirable or necessary to
introduce the pharmaceutical composition to the
patient via a mechanical delivery device. The
construction and use of mechanical delivery devicesfor
the delivery of pharmaceutical agents is well known in
the art. Direct techniques for, for example,
administering a drug directly to the brain usually
involve placement of a drag delivery catheter into the
patient's ventricular system to bypass the blood-brain
barrier. One such implantable delivery system, used
for the transport of agents to specific anatomical
regions of the body, is described in US Patent No.
5,01 1,472, issued April 30, 1991. The compositions of
the invention can also contain other conventional
pharmaceutically acceptable compounding ingredients,
generally referred to as carriers or diluents, as
necessary or desired. Conventional procedures for
preparing such compositions in appropriate dosage
forms can be utilized. Such ingredients and procedures
include those described in the following references,
each of which is incorporated herein by reference:
Powell, M.F. et al, "Compendium of Excipients for
Parenteral Formulations" PDA Journal of Pharmaceutical
Science & Technology 1998, 52(5), 238-311; Strickley,
R.G "Parenteral Formulations of Small Molecule
Therapeutics Marketed in the United States
(1999)-Part-1" PDA Journal of Pharmaceutical Science &
Technology 1999, 53(6), 324-349; and Nema, S. et al,
"Excipients and Their Use in Injectable Products" PDA
Journal of Pharmaceutical Science & Technology 1997,
51(4), 166-171. Commonly used pharmaceutical
ingredients that can be used as appropriate to
formulate the composition for its intended route of
administration include: acidifying agents (examples
include but are not limited to acetic acid, citric
acid, fumaric acid, hydrochloric acid, nitric acid);
alkalinizing agents (examples include but are not
limited to ammonia solution, ammonium carbonate,
diethanolamine, monoethanolamine, potassium hydroxide,
sodium borate, sodium carbonate, sodium hydroxide,
triethanolamine, trolamine); adsorbents (examples
include but are not limited to powdered cellulose and
activated charcoal); aerosol propellents (examples
include but are not limited to carbon dioxide, CCl2F2,
F2ClC-CClF 2 and CClF3) air displacement agents
(examples include but are not limited to nitrogen and
argon); antifungal preservatives (examples include but
are not limited to benzoic acid, butylparaben,
ethylparaben, methylparaben, propylparaben, sodium
benzoate);antimicrobial preservatives (examples
include but are not limited to benzalkonium chloride,
benzethonium chloride, benzyl alcohol, cetylpyridinium
chloride, chlorobutanol, phenol, phenylethyl alcohol,
phenylmercuric nitrate and thimerosal); antioxidants
(examples include but are not limited to ascorbic
acid, ascorbyl palmitate, butylated hydroxyanisole,
butylated hydroxytoluene, hypophosphorus acid,
monothioglycerol, propyl gallate, sodium ascorbate,
sodium bisulfite, sodium formaldehyde sulfoxylate,
sodium metabisulfite); binding materials (examples
include but are not limited to block polymers, natural
and synthetic rubber, polyacrylates, polyurethanes,
silicones, polysiloxanes and styrenebutadiene
copolymers); buffering agents (examples include but
are not limited to potassium metaphosphate,
dipotassium phosphate, sodium acetate, sodium citrate
anhydrous and sodium citrate dihydrate) carrying
agents (examples include but are not limited to acacia
syrup, aromatic syrup, aromatic elixir, cherry syrup,
cocoa syrup, orange syrup, syrup, corn oil, mineral
oil, peanut oil, sesame oil, bacteriostatic sodium
chloride injection and bacteriostatic water for
injection) chelating agents (examples include but are
not limited to edetate disodium and edetic acid)
colorants (examples include but are not limited to
FD&C Red No. 3, ED&C Red No. 20, FD&C Yellow No. 6,
FD&C Blue No. 2, D&C Green No. 5, D&C Orange No. 5,
D&C Red No. 8, caramel and ferric oxide red);
clarifying agents (examples include but are not
limited to bentonite); emulsifying agents (examples
include but are not limited to acacia, cetomacrogol,
cetyl alcohol, glyceryl monostearate, lecithin,
sorbitan monooleate, polyoxyethylene 50 monostearate);
encapsulating agents (examples include but are not
limited to gelatin and cellulose acetate phthalate)
flavorants (examples include but are not limited to
anise oil, cinnamon oil, cocoa, menthol, orange oil,
peppermint oil and vanillin); huniectants (examples
include but are not limited to glycerol, propylene
glycol and sorbitol); levigating agents (examples
include but are not limited to mineral oil and
glycerin);oils (examples include but are not limited
to arachis oil, mineral oil, olive oil, peanut oil,
sesame oil and vegetable oil); ointment bases
(examples include but are not limited to lanolin,
hydrophilic ointment, polyethylene glycol ointment,
petrolatum, hydrophilic petrolatum, white ointment,
yellow ointment, and rose water ointment); penetration
enhancers (transdermal delivery) (examples include but
are not limited to monohydroxy or polyhydroxy
alcohols, mono-or polyvalent alcohols, saturated or
unsaturated fatty alcohols, saturated or unsaturated
fatty esters, saturated or unsaturated dicarboxylic
acids, essential oils, phosphatidyl derivatives,
cephalin, terpenes, amides, ethers, ketones and ureas)
plasticizers (examples include but are not limited to
diethyl phthalate and glycerol); solvents (examples
include but are not limited to ethanol, corn oil,
cottonseed oil, glycerol, isopropanol, mineral oil,
oleic acid, peanut oil, purified water, water for
injection, sterile water for injection and sterile
water for irrigation); stiffening agents (examples
include but are not limited to cetyl alcohol, cetyl
esters wax, microcrystalline wax, paraffin, stearyl
alcohol, white wax and yellow wax); suppository bases
(examples include but are not limited to cocoa butter
and polyethylene glycols (mixtures)); surfactants
(examples include but are not limited to benzalkonium
chloride, nonoxynol 10, oxtoxynol 9, polysorbate 80,
sodium lauryl sulfate and sorbitan mono-palmitate);
suspending agents (examples include but are not
limited to agar, bentonite, carbomers,
carboxymethylcellulose sodium, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxypropyl
methylcellulose, kaolin, methylcellulose, tragacanth
and veegum); sweetening agents (examples include but
are not limited to aspartame, dextrose, glycerol,
mannitol, propylene glycol, saccharin sodium, sorbitol
and sucrose); tablet anti-adherents (examples include
but are not limited to magnesium stearate and talc);
tablet binders (examples include but are not limited
to acacia, alginic acid, carboxymethylcellulose
sodium, compressible sugar, ethylcellulose, gelatin,
liquid glucose, methylcellulose, non-crosslinked
polyvinyl pyrrolidone, and pregelatinized starch);
tablet and capsule diluents (examples include but are
not limited to dibasic calcium phosphate, kaolin,
lactose, mannitol, microcrystalline cellulose,
powdered cellulose, precipitated calcium carbonate,
sodium carbonate, sodium phosphate, sorbitol and
starch); tablet coating agents (examples include but
are not limited to liquid glucose, hydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, methylcellulose, ethylcellulose,
cellulose acetate phthalate and shellac); 



tablet direct compression excipients (examples include
but are not limited to dibasic calcium phosphate);
tablet disintegrants (examples include but are not
limited to alginic acid, carboxymethylcellulose
calcium, microcrystalline cellulose, polacrillin
potassium, crosslinked polyvinylpyrrolidone, sodium
alginate, sodium starch glycollate and starch); tablet
glidants (examples include but are not limited to
colloidal silica, corn starch and talc); tablet
lubricants (examples include but are not limited to
calcium stearate, magnesium stearate, mineral oil,
stearic acid and zinc stearate); tablet/capsule
opaquants (examples include but are not limited to
titanium dioxide); tablet polishing agents (examples
include but are not limited to carnuba wax and white
wax); thickening agents (examples include but are not
limited to beeswax, cetyl alcohol and paraffin);
tonicity agents (examples include but are not limited
to dextrose and sodium chloride); viscosity increasing
agents (examples include but are not limited to
alginic acid, bentonite, carbomers,
carboxymethylcellulose sodium, methylcellulose,
polyvinyl pyrrolidone, sodium alginate and
tragacanth); and wetting agents (examples include but
are not limited to heptadecaethylene oxycetanol,
lecithins, sorbitol monooleate, polyoxyethylene
sorbitol monooleate, and polyoxyethylene stearate).
Pharmaceutical compositions according to the present
invention can be illustrated as follows:Sterile IV
Solution: A 5 mg/mL solution of the desired compound
of this invention can be made using sterile,
injectable water, and the pH is adjusted if necessary.
The solution is diluted for administration to 1 - 2
mg/mL with sterile 5% dextrose and is administered as
an IV infusion over about 60 minutes. Lyophilized
powder for IV administration: A sterile preparation
can be prepared with (i) 100 - 1000 mg of the desired
compound of this invention as a lypholized powder,
(ii) 32- 327 mg/mL sodium citrate, and (iii) 300 -
3000 mg Dextran 40. The formulation is reconstituted
with sterile, injectable saline or dextrose 5% to a
concentration of 10 to 20 mg/mL, which is further
diluted with saline or dextrose 5% to 0.2 - 0.4 mg/mL,
and is administered either IVbolus or by IV infusion
over 15 - 60 minutes. Intramuscular suspension: The
following solution or suspension can be prepared, for
intramuscular injection: 50 mg/mL of the desired,
water-insoluble compound of this invention 5 mg/mL
sodium carboxymethylcellulose 4 mg/mL TWEEN 80 9 mg/mL
sodium chloride 9 mg/mL benzyl alcohol Hard Shell
Capsules: A large number of unit capsules are prepared
by filling standard two-piece hard galantine capsules
each with 100 mg of powdered active ingredient, 150 mg
of lactose, 50 mg of cellulose and 6 mg of magnesium
stearate. Soft Gelatin Capsules: A mixture of active
ingredient in a digestible oil such as soybean oil,
cottonseed oil or olive oil is prepared and injected
by means of a positive displacement pump into molten
gelatin to form soft gelatin capsules containing 100
mg of the active ingredient. The capsules are washed
and dried. The active ingredient can be dissolved in a
mixture of polyethylene glycol, glycerin and sorbitol
to prepare a water miscible medicine mix.Tablets: A
large number of tablets are prepared by conventional
procedures so that the dosage unit is 100 mg of active
ingredient, 0.2 mg. of colloidal silicon dioxide, 5 mg
of magnesium stearate, 275 mg of microcrystalline
cellulose, 11 mg. of starch, and 98.8 mg of lactose.
Appropriate aqueous and non-aqueous coatings may be
applied to increase palatability, improve elegance and
stability or delay absorption. Immediate Release
Tablets/Capsules: These are solid oral dosage forms
made by conventional and novel processes. These units
are taken orally without water for immediate
dissolution and delivery of the medication. The active
ingredient is mixed in a liquid containing ingredient
such as sugar, gelatin, pectin and sweeteners. These
liquids are solidified into solid tablets or caplets
by freeze drying and solid state extraction
techniques. The drug compounds may be compressed with
viscoelastic and thermoelastic sugars and polymers or
effervescent components to produce porous matrices
intended for immediate release, without the need of
water. Method of treating hyper-proliferative
disorders The present invention relates to a method
for using the compounds of the present invention and
compositions thereof, to treat mammalian
hyper-proliferative disorders. Compounds can be
utilized to inhibit, block, reduce, decrease, etc.,
cell proliferation and/or cell division, and/or
produce apoptosis. This method comprises administering
to a mammal in need thereof, including a human, an
amount of a compound of this invention, or a
pharmaceutically acceptable salt, isomer, polymorph,
metabolite, hydrate, solvate or ester thereof; etc.
which is effective to treat the disorder.
Hyper-proliferative disorders include but are not
limited, e.g., psoriasis, keloids, and other
hyperplasias affecting the skin, benign prostate
hyperplasia (BPH), solid tumors, such as cancers of
the breast, respiratory tract, brain, reproductive
organs, digestive tract, urinary tract, eye, liver,
skin, head and neck, thyroid, parathyroid and their
distant metastases. Those disorders also include
lymphomas, sarcomas, and leukemias. Examples of breast
cancer include, but are not limited to invasive ductal
carcinoma, invasive lobular carcinoma, ductal
carcinoma in situ, and lobular carcinoma in
situ.Examples of cancers of the respiratory tract
include, but are not limited to small-cell and
non-small-cell lung carcinoma, as well as bronchial
adenoma and pleuropulmonary blastoma. Examples of
brain cancers include, but are not limited to brain
stem and hypophtalmic glioma, cerebellar and cerebral
astrocytoma, medulloblastoma, ependymoma, as well as
neuroectodermal and pineal tumor. Tumors of the male
reproductive organs include, but are not limited to
prostate and testicular cancer. Tumors of the female
reproductive organs include, but are not limited to
endometrial, cervical, ovarian, vaginal, and vulvar
cancer, as well as sarcoma of the uterus. Tumors of
the digestive tract include, but are not limited to
anal, colon, colorectal, esophageal, gallbladder,
gastric, pancreatic, rectal, small-intestine, and
salivary gland cancers. Tumors of the urinary tract
include, but are not limited to bladder, penile,
kidney, renal pelvis, ureter, urethral and human
papillary renal cancers. Eye cancers include, but are
not limited to intraocular melanoma and
retinoblastoma. Examples of liver cancers include, but
are not limited to hepatocellular carcinoma (liver
cell carcinomas with or without fibrolamellar
variant), cholangiocarcinoma (intrahepatic bile duct
carcinoma), and mixed hepatocellular
cholangiocarcinoma. Skin cancers include, but are not
limited to squamous cell carcinoma, Kaposi's sarcoma,
malignant melanoma, Merkel cell skin cancer, and
non-melanoma skin cancer. Head-and-neck cancers
include, but are not limited to laryngeal,
hypopharyngeal, nasopharyngeal, oropharyngeal cancer,
lip and oral cavity cancer and squamous cell.
Lymphomas include, but are not limited to ADDS-related
lymphoma, non-Hodgkin's lymphoma, cutaneous T-cell
lymphoma, Burkitt lymphoma, Hodgkin's disease, and
lymphoma of the central nervous system.Sarcomas
include, but are not limited to sarcoma of the soft
tissue, osteosarcoma, malignant fibrous histiocytoma,
lymphosarcoma, and rhabdomyosarcoma. Leukemias
include, but are not limited to acute myeloid
leukemia, acute lymphoblastic leukemia, chronic
lymphocytic leukemia, chronic myelogenous leukemia,
and hairy cell leukemia. These disorders have been
well characterized in humans, but also exist with a
similar etiology in other mammals, and can be treated
by administering pharmaceutical compositions of the
present invention. The term "treating" or "treatment"
as stated throughout this document is used
conventionally, e.g., the management or care of a
subject for the purpose of combating, alleviating,
reducing, relieving, improving the condition of, etc.,
of a disease or disorder, such as a carcinoma. Methods
of treating kinase disorders The present invention
also provides methods for the treatment of disorders
associated with aberrant kinase activity (such as
tyrosine kinase activity), including, FGFRl, FGFR2,
FGFR3, FGFR4, VEGFRl, VEGFR2, VEGFR3, Tie2, PDGFR,
Aurora A, Aurora B, EphB4, EphA2, p70S6K, RSK, TrkA,
Trk B, RET, Src, c-Yes and Fyn. Effective amounts of
compounds of the present invention can be used to
treat such disorders, including those diseases (e.g.,
cancer) mentioned in the Background section above.
Nonetheless, such cancers and other diseases can be
treated with compounds of the present invention,
regardless of the mechanism of action and/or the
relationship between the kinase and the disorder. The
phrase "aberrant kinase activity" or "aberrant
tyrosine kinase activity," includes any abnormal
expression or activity of the gene encoding the kinase
or of the polypeptide it encodes. Examples of such
aberrant activity, include, but are not limited to,
over-expression of the gene or polypeptide; gene
amplification; mutations which produce
constitutivelyactive or hyperactive kinase activity;
gene mutations, deletions, substitutions, additions,
etc.The present invention also provides for methods of
inhibiting a kinase activity, especially of FGFRl,
FGFR2, FGFR3, FGFR4, VEGFRl, VEGFR2, VEGFR3, Tie2,
PDGFR, Aurora A, Aurora B, EphB4, EphA2, p70S6K, RSK,
TrkA, Trk B, RET, Src, c-Yes and Fyn comprising
administering an effective amount of a compound of the
present invention, including salts, polymorphs,
metabolites, hyrates, solvates, prodrugs (e.g.:
esters) thereof, and diastereoisomeric forms thereof.
Kinase activity can be inhibited in cells (e.g., in
vitro), or in the cells of a mammalian subject,
especially a human patient in need of treatment.
Methods of treating angiogenic disorders The present
invention also provides methods of treating disorders
and diseases associated with excessive and/or abnormal
angiogenesis. Inappropriate and ectopic expression of
angiogenesis can be deleterious to an organism. A
number of pathological conditions are associated with
the growth of extraneous blood vessels. These include,
e.g., diabetic retinopathy, ischemic retinal-vein
occlusion, and retinopathy of prematurity (Aiello et
al. New Engl. J. Med. 1994, 331, 1480; Peer et al.
Lab. Invest. 1995, 72, 638), age-related macular
degeneration (AMD; see, Lopez et al. Invest.
Opththalmol. Vis. ScL 1996, 37, 855), neovascular
glaucoma, psoriasis, retrolental fibroplasias,
angiofibroma, inflammation, rheumatoid arthritis (RA),
restenosis, in-stent restenosis, vascular graft
restenosis, etc. In addition, the increased blood
supply associated with cancerous and neoplastic
tissue, encourages growth, leading to rapid tumor
enlargement and metastasis. Moreover, the growth of
new blood and lymph vessels in a tumor provides an
escape route for renegade cells, encouraging
metastasis and the consequence spread of the cancer.
Thus, compounds of the present invention can be
utilized to treat and/or prevent any of the
aforementioned angiogenesis disorders, e.g., by
inhibiting and/or reducing blood vessel formation; by
inhibiting, blocking, reducing, decreasing, etc.
endothelial cell proliferation or other types involved
in angiogenesis, as well as causing cell death or
apoptosis of such cell types. Dose and administration
Based upon standard laboratory techniques known to
evaluate compounds useful for the treatment of
hyper-proliferative disorders and angiogenic
disorders, by standard toxicitytests and by standard
pharmacological assays for the determination of
treatment of the conditions identified above in
mammals, and by comparison of these results with the
results of known medicaments that are used to treat
these conditions, the effective dosage of the
compounds of this invention can readily be determined
for treatment of each desired indication. The amount
of the active ingredient to be administered in the
treatment of one of these conditions can vary widely
according to such considerations as the particular
compound and dosage unit employed, the mode of
administration, the period of treatment, the age and
sex of the patient treated, and the nature and extent
of the condition treated. The total amount of the
active ingredient to be administered will generally
range from about 0.001 mg/kg to about 200 mg/kg body
weight per day, and preferably from about 0.01 mg/kg
to about 20 mg/kg body weight per day. Clinically
useful dosing schedules will range from one to three
times a day dosing to once every four weeks dosing. In
addition, "drug holidays" in which a patient is not
dosed with a drug for a certain period of time, may be
beneficial to the overall balance between
pharmacological effect and tolerability. A unit dosage
may contain from about 0.5 mg to about 1500 mg of
active ingredient, and can be administered one or more
times per day or less than once a day. The average
daily dosage for administration by injection,
including intravenous, intramuscular, subcutaneous and
parenteral injections, and use of infusion techniques
will preferably be from 0.01 to 200 mg/kg of total
body weight. The average daily rectal dosage regimen
will preferably be from 0.01 to 200 mg/kg of total
body weight. The average daily vaginal dosage regimen
will preferably be from 0.01 to 200 mg/kg of total
body weight. The average daily topical dosage regimen
will preferably be from 0.1 to 200 mg administered
between one to four times daily. The transdermal
concentration will preferably be that required to
maintain a daily dose of from 0.01 to 200 mg/kg. The
average daily inhalation dosage regimen will
preferably be from 0.01 to 100 mg/kg of total body
weight. Of course the specific initial and continuing
dosage regimen for each patient will vary according to
the nature and severity of the condition as determined
by the attending diagnostician, the activity of the
specific compound employed, the age and general
condition of the patient, time of administration,
route of administration, rate of excretion of the
drug, drug combinations, and the like. The desired
mode of treatment and number ofdoses of a compound of
the present invention or a pharmaceutically acceptable
salt or ester or composition thereof can be
ascertained by those skilled in the art using
conventional treatment tests. Combination therapies
The compounds of this invention can -be administered
as the sole pharmaceutical agent or in combination
with one or more other pharmaceutical agents where the
combination causes no unacceptable adverse effects.
For example, the compounds of this invention can be
combined with known anti-hyper-proliferative or other
indication agents, and the like, as well as with
admixtures and combinations thereof. The additional
pharmaceutical agent can be aldesleukin, alendronic
acid, alfaferone, alitretinoin, allopurinol, aloprim,
aloxi, altretamine, aminoglutethimide, amifostine,
amrubicin, amsacrine, anastrozole, anzmet, aranesp,
arglabin, arsenic trioxide, aromasin, 5- azacytidine,
azathioprine, BCG or tice BCG, bestatin, betamethasone
acetate, betamethasone sodium phosphate, bexarotene,
bleomycin sulfate, broxuridine , bortezomib, busulfan,
calcitonin, campath, capecitabine, carboplatin,
casodex, cefesone, celmoleukin, cerubidine,
chlorambucil, cisplatin, cladribine, cladribine,
clodronic acid, cyclophosphamide, cytarabine,
dacarbazine, dactinomycin, DaunoXome, decadron,
decadron phosphate, delestrogen, denileukin diftitox,
depo-medrol, deslorelin, dexrazoxane,
diethylstilbestrol, diflucan, docetaxel,
doxifluridine, doxorubicin, dronabinol, DW- 166HC,
eligard, elitek, ellence, emend, epirubicin, epoetin
alfa, epogen, eptaplatin, ergamisol, estrace,
estradiol, estramustine phosphate sodium, ethinyl
estradiol, ethyol, etidronic acid, etopophos,
etoposide, fadrozole, farston, filgrastim,
finasteride, filgrastim, floxuridine, fluconazole,
fludarabine, 5-fluorodeoxyuridine monophosphate,
5-fluorouracil (5-FU), fluoxymesterone, flutamide,
formestane, fosteabine, fotemustine, fulvestrant,
gammagard, gemcitabine, gemtuzumab, gleevec, gliadel,
goserelin, granisetron HCl, histrelin, hycamtin,
hydrocortone, eyrthro-hydroxynonyladenine,
hydroxyurea, ibritumomab tiuxetan, idarubicin,
ifosfamide, interferon alpha, interferon-alpha 2,
interferon alfa-2A, interferon alfa-2B, interferon
alfa-nl, interferon alfa-n3, interferon beta,
interferon gamma- Ia, interleukin-2, intron A, iressa,
irinotecan, kytril, lentinan sulphate, letrozole,
leucovorin, leuprolide, leuprolide acetate,
levamisole, levofolinic acid calcium salt, levothroid,
levoxyl, lomustine, lonidamine, marinol,
mechlorethamine, mecobalamin,
medroxyprogesteroneacetate, megestrol acetate,
melphalan, menest, 6-mercaptopurine, Mesna,
methotrexate, metvix, miltefosine, minocycline,
mitomycin C, mitotane, mitoxantrone, Modrenal, Myocet,
nedaplatin, neulasta, neumega, neupogen, nilutamide,
nolvadex, NSC-631570, OCT-43, octreotide, ondansetron
HCl, orapred, oxaliplatin, paclitaxel, pediapred,
pegaspargase, Pegasys, pentostatin, picibanil,
pilocarpine HCl, pirarubicin, plicamycin, porfimer
sodium, prednimustine, prednisolone, prednisone,
premarin, procarbazine, procrit, raltitrexed, rebif,
rhenium- 186 etidronate, rituximab, roferon-A,
romurtide, salagen, sandostatin, sargramostim,
semustine, sizofiran, sobuzoxane, solu-medrol,
spaifosic acid, stem-cell therapy, streptozocin,
strontium-89 chloride, synthroid, tamoxifen,
tamsulosin, tasonermin, tastolactone, taxotere,
teceleukin, temozolomide, teniposide, testosterone
propionate, testred, thioguanine, thiotepa,
thyrotropin, tiludronic acid, topotecan, toremifene,
tositumomab, trastuzumab, treosulfan, tretinoin,
trexall, trimethylmelamine, trimetrexate, triptorelin
acetate, triptorelin pamoate, UFT, uridine,
valrubicin, vesnarinone, vinblastine, vincristine,
vindesine, vinorelbine, virulizin, zinecard,
zinostatin stimalamer, zofran, ABI- 007, acolbifene,
actimmune, affinitak, aminopterin, arzoxifene,
asoprisnil, atamestane, atrasentan, BAY 43-9006
(sorafenib), avastin, CCI-779, CDC-501, Celebrex,
cetuximab, crisnatol, cyproterone acetate, decitabine,
DN-101, doxorubicin-MTC, dSLIM, dutasteride,
edotecarin, eflornithine, exatecan, fenretinide,
histamine dihydrochloride, histrelin hydrogel implant,
holmium-166 DOTMP, ibandronic acid, interferon gamma,
intron-PEG, ixabepilone, keyhole limpet hemocyanin,
L-651582, lanreotide, lasofoxifene, libra, lonafarnib,
miproxifene, minodronate, MS-209, liposomal MTP-PE,
MX-6, nafarelin, nemorubicin, neovastat, nolatrexed,
oblimersen, onco-TCS, osidem, paclitaxel
polyglutamate, pamidronate disodium, PN-401, QS-21,
quazepam, R-1549, raloxifene, ranpirnase, 13-cis
-retinoic acid, satraplatin, seocalcitol, T-138067,
tarceva, taxoprexin, thymosin alpha 1, tiazofurine,
tipifarnib, tirapazamine, TLK-286, toremifene,
TransMID- 107R, valspodar, vapreotide, vatalanib,
verteporfin, vinflunine, Z-100, zoledronic acid or
combinations thereof. Optional
anti-hyper-proliferative agents which can be added to
the composition include but are not limited to
compounds listed on the cancer chemotherapy drag
regimens in the 1 1th Edition of the Merck Index,
(1996), which is hereby incorporated by reference,
such as asparaginase, bleomycin, carboplatin,
carmustine, chlorambucil, cisplatin,
colaspase,cyclophosphamide, cytarabine, dacarbazine,
dactinomycin, daunorabicin, doxorabicin (adriamycine),
epirubicin, etoposide, 5-fluorouracil,
hexamethylmelamine, hydroxyurea, ifosfamide,
irinotecan, leucovorin, lomustine, mechlorethamine,
6-mercaptopurine, mesna, methotrexate, mitomycin C,
mitoxantrone, prednisolone, prednisone, procarbazine,
raloxifen, streptozocin, tamoxifen, thioguanine,
topotecan, vinblastine, vincristine, and vindesine. .
. Other anti-hyper-proliferative agents suitable for
use with the composition of the invention include but
are not limited to those compounds acknowledged to be
used in the treatment of neoplastic diseases in
Goodman and Gilman's The Pharmacological Basis of
Therapeutics (Ninth Edition), editor Molinoff et al,
publ. by McGraw-Hill, pages 1225-1287, (1996), which
is hereby incorporated by reference, such as
ammoglutethimide, L-asparaginase, azathioprine,
5-azacytidine cladribine, busulfan,
diethylstilbestrol, 2',2'- difluorodeoxycytidine,
docetaxel, erythrohydroxynonyl adenine, ethinyl
estradiol, 5- fluorodeoxyuridine, 5-fluorodeoxyuridine
monophosphate, fludarabine phosphate, fluoxymesterone,
flutamide, hydroxyprogesterone caproate, idarubicin,
interferon, medroxyprogesterone acetate, megestrol
acetate, melphalan, mitotane, paclitaxel, pentostatin,
N-phosphonoacetyl-L-aspartate (PALA), plicamycin,
semustine, teniposide, testosterone propionate,
thiotepa, trimethylmelamine, uridine, and vinorelbine.
Other anti-hyper-proliferative agents suitable for use
with the composition of the invention include but are
not limited to other anti-cancer agents such as
epothilone and its derivatives, irinotecan, raloxifen
and topotecan. Generally, the use of cytotoxic and/or
cytostatic agents in combination with a compound or
composition of the present invention will serve to:
(1) yield better efficacy in reducing the growth of a
tumor or even eliminate the tumor as compared to
administration of either agent alone, (2) provide for
the administration of lesser amounts of the
administered chemotherapeutic agents,(3) provide for a
chemotherapeutic treatment that is well tolerated in
the patient with fewer deleterious pharmacological
complications than observed with single agent
chemotherapies and certain other combined therapies,
(4) provide for treating a broader spectrum of
different cancer types in mammals, especially humans,
(5) provide for a higher response rate among treated
patients, (6) provide for a longer survival time among
treated patients compared to standard chemotherapy
treatments, (7) provide a longer time for tumor
progression, and/or (8) yield efficacy and
tolerability results at least as good as those of the
agents used alone, compared to known instances where
other cancer agent combinations produce antagonistic
effects. EXPERIMENTAL Abbreviations and Acronyms A
comprehensive list of the abbreviations used by
organic chemists of ordinary skill in the art appears
in The ACS Style Guide (third edition) or the
Guidelines for Authors for the Journal of Organic
Chemistry. The abbreviations contained in said lists,
and all abbreviations utilized by organic chemists of
ordinary skill in the art are hereby incorporated by
reference. For purposes of this invention, the
chemical elements are identified in accordance with
the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 67th Ed., 1986-87.
More specifically, when the following abbreviations
are used throughout this disclosure, they have the
following meanings: Abbreviations and Acronyms 1H-NMR
proton nuclear magnetic resonance spectroscopy 3
1P-NMR phophorus-31 nuclear magnetic resonance
spectroscopy AcOH acetic acid (Ac)2O acetic anhydride
abs absolute aq aqueousap approximate atm atmosphere
br broad BOP
benzotriazole-l-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate Bu butyl ACN acetonitrile Ac2O
acetic anhydride AcOH acetic acid Celite(r) brand of
diatomaceous earth from Celite Corp. CD3CN
acetonitrile-<3 3 CD3OD methanol-^ d doublet DCE
dichloroethane DCM dichloromethane dd double doublet
DIBAL diisobutylaluminum hydride DMF L
-dimethylformamide DMSO dimethylsulfoxide DMSO-^ 6
dimefhyldsulfoxide-<i6 equiv equivalent(s) ES-MS
electrospray mass spectrometry Et3N triethylamine Et2O
diethyl ether EtOAc ethyl acetate EtOH ethanol FBS
fetal bovine serum g gram(s) h hour(s) Hex Hexanes
HPLC high performance liquid chromatography Hz hertzJ
NMR coupling constant KOAc Potassium Acetate L
liter(s) LCMS liquid chromatography-mass spectrometry
LHMDS lithium hexamethyldisilazide M molar mCPBA
meta-Chloroperoxybenzoic acid Me methyl MeOH methanol
mg milligram(s) MHz megahertz min minute(s) mL
milliliter mmol millimole MPLC medium pressure liquid
chiOmatography MS mass spectrometry Ms methanesulfonyl
N normal nM nanomolar Pr propyl ry-BOP benzotiiazol-
1-yl-oxytripyrrolidineophosponium hexafluorophosphate
q quartet Ra-Ni Raney-Nickel R/ TLC retention factor
Rochelle's potassium sodium tartrate salt RPMI Roswell
Park Memorial Institute RT retention time rt room
temperature S singlet satd. saturated t tripletTEA
triethylamine TFA trifluoroacetic acid THF
tetrahydrofuran TLC thin layer chromatography TosMIC
Tosylmethyl isocyanide TPP triphenylphosphine Ts
/?-toluenesulfonyl v/v volume-to-volume proportion
v/v/v volume-to-volume-to-volume proportion mL
microliter mm micrometer The percentage yields
reported in the following examples are based on the
starting component that was used in the lowest molar
amount. Air and moisture sensitive liquids and
solutions were transferred via syringe or cannula, and
introduced into reaction vessels through rubber septa.
Commercial grade reagents and solvents were used
without further purification. The term "concentrated
under reduced pressure" refers to use of a Buchi
rotary evaporator at approximately 15 mm of Hg. All
temperatures are reported uncorrected in degrees
Celsius (0C). Thin layer chromatography (TLC) was
performed on pre-coated glass-backed silica gel 60 A
F-254 250 mm plates. The structures of compounds of
this invention were confirmed using one or more of the
following procedures. NMR NMR spectra were acquired
for each compound and were consistent with the
structures shown. Routine one-dimensional NMR
spectroscopy was performed on either 300 or 400 MHz
Vai an(r) Mercury-plus spectrometers. The samples were
dissolved in deuterated solvents. Chemical shifts were
recorded on the ppm scale and were referenced to the
appropriatesolvent signals, such as 2.49 ppm for
DMSO-d6, 1.93 ppm for CD3CN, 3.30 ppm for CD30D, 5.32
ppm for CD2C12 and 7.26 ppm for CDC13 for IH spectra.
GC/MS Electron impact mass spectra (EI-MS) were
obtained with a Hewlett Packard 5973 mass spectrometer
equipped Hewlett Packard 6890 Gas Chromatograph with a
J & W HP-5 column (0.25 uM coating; 30 m x 0.32 mm).
The ion source was maintained at 250 0C and spectra
were scanned from 50-550 amu at 0.34 sec per scan.
LC/MS Unless otherwise noted, all retention times are
obtained from the LC/MS and correspond to the
molecular ion. High pressure liquid
chromatography-electrospray mass spectra (LC/MS) were
obtained using one of the following: Method A (LCQ)
Hewlett-Packard 1100 HPLC equipped with a quaternary
pump, a variable wavelength detector set at 254 nm, a
Waters Sunfire C18 column (2.1 x 30 mm, 3.5 Dm), a
Gilson autosampler and a Finnigan LCQ ion trap mass
spectrometer with electrospray ionization. Spectra
were scanned from 120-1200 amu using a variable ion
time according to the number of ions in the source.
The eluents were A: 2% acetonitrile in water with
0.02% TFA, and B: 2% water in acetonirile with 0.018%
TFA. Gradient elution from 10% B to 95% B over 3.5
minutes at a flow rate of 1.0 mL/min was used with an
initial hold of 0.5 minutes and a final hold at 95% B
of 0.5 minutes. Total run time was 6.5 minutes. Method
B (LCQ5) Agilent 1100 HPLC system. The Agilent 1100
HPLC system was equipped with an Agilent 1100
autosampler, quaternary pump, a variable wavelength
detector set at 254 nm. The HPLC column used was a
Waters Sunfire C-18 column (2.1 x 30 mm, 3.5 mm). The
HPLC eluent was directly coupled without splitting to
a Finnigan LCQ DECA ion trap mass spectrometer with
electrospray ionization. Spectra were scanned from
140-1200 amu using a variable ion time according to
the number of ions in the source using positive ion
mode. The eluents were A: 2% acetonitrile in water
with 0.02% TFA, and B: 2% water inacetonirile with
0.02% TFA. Gradient elution from 10% B to 90% B over
3.0 minutes at a flow rate of 1.0 mL/min was used with
an initial hold of 1.0 minutes and a final hold at 95%
B of 1.0 minutes. Total run time was 7.0 minutes.
Method C (LTQ) Agilent 1100 HPLC system. The Agilent
1100 HPLC system was equipped with an Agilent 1100
autosampler, quaternary pump, and a diode array. The
HPLC column used was a Waters Sunfire C18 column (2.1
x 30 mm, 3.5 mm). The HPLC eluent was directly coupled
with a 1:4 split to a Finnigan LTQ ion trap mass
spectrometer with electrospray ionization. Spectra
were scanned from 50-800 amu using a variable ion time
according to the number of ions in the source using
positive or negative ion mode. The eluents were A:
water with 0.1 formic acid, and B: acetonitrile with
0.1% formic acid. Gradient elution from 10% B to 90% B
over 3.0 minutes at a flowrate of 1.0 mL/min was used
with an initial hold of 2.0 minutes and a final hold
at 95% B of 1.0 minutes. Total run time was 8.0
minutes. Method D Gilson HPLC system equipped with a
variable wavelength detector set at 254 nm, a YMC pro
C-18 column (2 x 23 mm, 120A), and a Finnigan LCQ ion
trap mass spectrometer with electrospray ionization.
Spectra were scanned from 120-1200 amu using a
variable ion time according to the number of ions in
the source. The eluants were A: 2% acetonitrile in
water with 0.02% TFA and B: 2% water in acetonitrile
with 0.018% TFA. Gradient elution from 10% B to 95%
over 3.5 minutes at a flow rate of 1.0 mL/min was used
with an initial hold of 0.5 minutes and a final hold
at 95% B of 0.5 minutes. Total run time was 6.5
minutes. Method E Agilent 1100 HPLC system. The
Agilent 1100 HPLC system was equipped with an Agilent
1100 autosampler, quaternary pump, and a diode array.
The HPLC column used was a Waters Sunfire (2.1 x 30
mm, 3.5 mm). The HPLC eluent was directly coupled with
a 1:4 split to a Finnigan LTQ ion trap mass
spectrometer with electrospray ionization. Spectra
were scanned from 50-1000 amu using a variable ion
time according to the number of ions in the source in
either positive or negative ion mode. The eluents were
A: water with 0.1 formic acid, and B: acetonirile with
0.1% formic acid. Gradient elution from 10% B to 90%B
over 3.0 minutes at a flow rate of 1.0 mL/min was used
with an initial hold of 2.0 minutes and a final hold
at 95% B of 1.0 minutes. Total run time was 8.0
minutes. Preparative HPLC: Preparative HPLC was
carried out in reversed phase mode, typically using a
Gilson HPLC system equipped with two. Gilson 322
pumps, a Gilson 215 Autosampler, a Gilson diode array
detector, and a C-18 column (e.g. YMC Pro 20 x 150 mm,
120 A). Gradient elution was used with solvent A as
water with 0.1% TFA, and solvent B as acetonitrile
with 0.1% TFA. Following injection onto the column as
a solution, the compound was typically eluted with a
mixed solvent gradient, such as 10-90% Solvent B in
Solvent A over 15 minutes with flow rate of 25 mL/min.
The fraction(s) containing the desired product were
collected by UV monitoring at 254 or 220 nm.
Preparative MPLC: Preparative medium pressure liquid
chromatography (MPLC) was carried out by standard
silica gel "flash chromatography" techniques (e.g.,
Still, W. C. et al. J. Org. Chem. 1978, 43, 2923-5),
or by using silica gel cartridges and devices such as
the Biotage Flash systems. A variety of eluting
solvents were used, as described in the experimental
protocols. General Preparative Methods The particular
process to be utilized in the preparation of the
compounds used in this embodiment of the invention
depends upon the specific compound desired. Such
factors as the selection of the specific substituents
play a role in the path to be followed in the
preparation of the specific compounds of this
invention. Those factors are readily recognized by one
of ordinary skill in the art. The compounds of the
invention may be prepared by use of known chemical
reactions and procedures. Nevertheless, the following
general preparative methods are presented to aid the
reader in synthesizing the compounds of the present
invention, with more detailed particular examples
being presented below in the experimental section
describing the 



working examples.The compounds of the invention can be
made according to conventional chemical methods,
and/or as disclosed below, from starting materials
which are either commercially available or producible
according to routine, conventional chemical methods.
General methods for the preparation of the compounds
are given below, and the preparation of representative
compounds is specifically illustrated in examples.
Synthetic transformations that may be employed in the
synthesis of compounds of this invention and in the
synthesis of intermediates involved in the synthesis
of compounds of this invention are known by or
accessible to one skilled in the art. Collections of
synthetic transformations may be found in
compilations, such as: J. March. Advanced Organic
Chemistry, 4th ed.; John Wiley: New York (1992) R.C.
Larock. Comprehensive Organic Transforations, 2nd ed.;
Wiley-VCH: New York (1999) F.A. Carey; RJ. Sundberg.
Advanced Organic Chemistry, 2nd ed.; Plenum Press: New
York (1984) T.W. Greene; P.G.M. Wuts. Protective
Groups in Organic Synthesis, 3rd ed.; John Wiley: New
York (1999) L.S. Hegedus. Transition Metals in the
Synthesis of Complex Organic Molecules, 2nd ed.;
University Science Books: Mill Valley, CA (1994) L.A.
Paquette, Ed. The Encyclopedia of Reagentsfor Organic
Synthesis; John Wiley: New York (1994) A.R. Katritzky;
O. Meth-Cohn; CW. Rees, Eds. Comprehensive Organic
Functional Group Transformations; Pergamon Press:
Oxford, UK (1995) G. Wilkinson; F.G A. Stone; E.W.
Abel, Eds. Comprehensive Organometallic Chemistry;
Pergamon Press: Oxford, UK (1982) B.M. Trost; I.
Fleming. Comprehensive Organic Synthesis; Pergamon
Press: Oxford, UK (1991) A.R. Katritzky; CW. Rees Eds.
Comprehensive Heterocylic Chemistry; Pergamon Press:
Oxford, UK (1984) A.R. Katritzky; CW. Rees; E.F.V.
Scriven, Eds. Comprehensive Heterocylic Chemistry II;
Pergamon Press: Oxford, UK (1996)C. Hansen; P.G.
Sammes; J.B. Taylor, Eds. Comprehensive Medicinal
Chemistry: Pergamon Press: Oxford, UK (1990). In
addition, recurring reviews of synthetic methodology
and related topics include Organic Reactions; John
Wiley: New York; Organic Syntheses; John Wiley: New
York; Reagents for Organic Synthesis: John Wiley: New
York; The Total Synthesis of. Natural Products; John
Wiley: New York; The Organic Chemistry of Drug
Synthesis; John Wiley: New York; Annual Reports in
Organic Synthesis; Academic Press: San Diego CA; and
Methoden der Organischen Chemie (Houben-Weyl); Thieme:
Stuttgart, Germany. Furthermore, databases of
synthetic transformations include Chemical Abstracts,
which may be searched using either CAS Online or
SciFinder, Handbuch der Organischen Chemie
(Beilstein), which may be searched using SpotFire, and
REACCS. Methods for preparing pyrrolotriazines are
also disclosed in published US application No.
10/289,010 (Publication No. US 2003-0186982 Al), US
patent No. 6,670,357 (US application No. 10/036,293),
as well as WO 2003/042172, WO 2004/009542,
WO2004/009601, WO 2004/009784, WO 2004/013145 and WO
2005/121147 all of which are hereby incorporated by
reference in their entirety. General Methods of
Preparation of Invention Compounds It is also to be
understood that starting materials are commercially
available or readily prepared by standard methods well
known in the art. Such methods include, but are not
limited to the transformations listed herein. If not
mentioned otherwise, the reactions are usually carried
out in inert organic solvents which do not change
under the reaction conditions. These include ethers,
such as diethyl ether, 1,4-dioxane or tetrahydrofuran,
halogenated hydrocarbons, such as dichloromethane,
trichloromethane, carbon tetrachloride,
1,2-dichloroethane, trichloroethane or
tetrachloroethane, hydrocarbons, such as benzene,
toluene, xylene, hexane, cyclohexane or mineral oil
fractions, alcohols, such as methanol, ethanol or
iso-propanol, nitromethane, dimethylformamide or
acetonitrile. It is also possible to use mixtures of
the solvents.The reactions are generally carried out
in a temperature range of from 00C to 1500C,
preferably from O0C to 7O0C. The reactions can be
carried out under atmospheric, elevated or under
reduced pressure (for example from 0.5 to 5 bar). In
general, they are carried out under atmospheric
pressure of air or inert gas, typically nitrogen. I
Compounds of the present invention of formula I can be
prepared by straightforward means as described in the
reaction schemes below or by means well known to those
skilled in the art. In these reaction schemes, unless
otherwise specifically defined, the meanings of R ,
R2, R3, R4 and X0 are identical to those described
above. Reaction Scheme 1 illustrates a general method
of preparing compounds of formula I from the
corresponding bromo compounds of formula 1-3 by
methods of cross coupling (Suzuki) that are well known
in the art. Thus, coupling bromide of formula 1-1 with
the appropriately substituted boronate (G1 = C(O)NHR
1) of formula 1-2 to furnish compounds of formula I
directly. Alternatively, coupling bromide of formula
1-1 with the appropriately substituted boronate (G1 =
H, PG; where PG is an optional protecting group known
in the art) lead to anilines of formulas 1-3 and 1-4.
If necessary, the protecting group (PG) can be removed
first by methods well known in the art (e.g. acid
catalyzed removal of BOC carbamates). The reaction of
anilines of formula 1-4 with either an isocyanate of
formula 1- 5 or carbamate of formula 1-6, generally in
an inert solvent, provides compounds of formula I
directly.Reaction Scheme 1 1-3 1-4 Reaction Scheme 2
outlines a method for preparing substituted boronates
of formula 1-2, starting from bromides of formula 2-1.
Thus, reactions of 2-1 with bis(pincolato) diboron
under coupling conditions well known in the art (Step
A) will provide boronates of formula 1-2 (G1 = H)
directly. Alternatively, treatment of anilines of
formula 2-1 isocyanates or cabamates under conditions
described in Scheme 1 will provide bromides of formula
2-2 (G1 = C(O)NHR1) . Additionally anilines of formula
2-1 can be protected with an appropriate group (G1 =
PG), which can be synthesized under conditions well
know in the art. Boronates of formula 1-2 (G1 = PG,
C(O)NHR1) can be generated from the corresponding
bromides of formula 2-2 under the conditions given in
Step A. If necessary boronates of formula 1-2 (G1 = H)
can be further transformed into boronates of formula
1-2 (G1 = PG, C(O)NHR1) by the conditions outlined in
step B.Reaction Scheme 2 1-5 or 1-6 or 1"2 2-2
Reaction Scheme 3 describes the preparation of common
intermediates 3-5, 3-6, and 3-7 from a common
precursor 3-4. Common intermediates 3-5, 3-6 and 3-7
are useful precursors to ones skilled in the art
toward generation of diversity at R4. Treatment of
commercially available 2,5-dialkoxy tetrahydrofuran
(3-1) with a protected hydrazine under acidic
conditions provides the n-substituted amino pyrrole
3-2. Cyanation at the 2-poistion is easily effected by
treatment with reagents such chlorosulphonyl
isocyanate. The protecting group (PG) can then be
removed by methods well know in the art (e.g. HCl in
an aprotic solvent for the removal of a BOC carbamate)
to provide intermediate 3-3. Cyclization of 3-3 can be
affected by treatment with a formamiding derivative
such as formamidine acetate or the like in a solvent
such as EtOH to provide the pyrrolotriazine
intermediate of formula 3-4. Differentiation can be
effected by the regioselective electrophilic addition
of various functional groups at the 7-position of
forumula 3-4. Treatment of compounds of 3-4 under
Mannich conditions, such as by treatment with an
amine, such as a primary or secondary (cyclic or
acyclic) amine, and formaldehyde and the like in a
solvent such as acetic acid or the like provide
compounds of formula 3-5. Compounds of formula 3-6 can
be prepared directly from compounds of formula 3-4
using alewis acid such as AlCl3 and the like and an
acid chloride such as acetyl chloride and the like.
Bromination of 3-4 with reagents such as
l,3-dibromo-5,5-dimethylhydantoin or other brominating
agent in an appropriate solvent, such as DMF or the
like, provides 3-7 Reaction Scheme 3 3-1 3-2 3-3
formamidine Reaction Scheme 4 outlines some of the
ways in which common intermediate 3-7 can be utilized
to provide functionality at the R4 position. Halogen
metal exchange on common intermediate 3-7 with an
appropriate organometallic reagent, such as "-butyl
lithium and the like, in an inert solvent (eg. THF)
provides the transient species 4-1, which can be
quenched with a variety of electrophiles that are well
known in the art. Treatment of 4-1 with reagents such
as DMF and the like provides aldehyde intermediate
4-2. Treatment of 4-1 with CO provides acid
intermediate 4-3. Treatment of 4-1 with reagents such
as ethylene oxide and the like provides alcohol
intermediate 4-3. Treatment of 4-1 with reagents such
as Weinreb amides such as compounds of formula 4-6
provides substituted ketones of formula 4-5.Reaction
Scheme 4 DMF Reaction Scheme 5 outlines some
additional of the ways in which functionality at the R
position can be introduced and modified through common
intermediate 3-7. Metal insertion into 3-7 with an
appropriate metal (e.g. palladium, nickel, zinc and
the like), provides the transient species 5-1, which
can be coupled with a variety of reagents familiar to
those skilled in the art. Treatment of 5-1 with vinyl
boronates or boronic acids such as 5-2 or 5-5 under
conditions that are well known in the art and provides
the appropriately protected intermediates 5-3 and 5-7
respectively. Alternatively, 5-1 can be treated with
alkynes of formula 5-4 in presence of a Pd(II)
catalyst, a Cu(I) co-catalyst and an amine base such
as pyrrolidine or triethylamine or the like, in a
solvent such as DMF or the like to provide compounds
of formula 5-6. Intermediate 5-1 can also be treated
with alcohols under a carbon monoxide atmosphere to
provide intermediates of formula 5-8.Reaction Scheme 5
Reaction Scheme 6 describes the preparation of
compounds of formula 6-3, where G is defined as a
subset of R4 including intermediates describe in
Schemes 3, 4, and 5. Thus, treatment of compounds of
formula 6-1 with a brominating reagent such as
1,3-dibromo- 5,5-dimethylhydantoin or the like in an
appropriate solvent, such as THF or the like, provides
compounds of formula 6-2. A metal mediated cross
coupling such as Suzuki or the like under conditions
well known in the art provide compounds of the formula
6-3. Compounds of formula 6-3 can be formula I.
Alternatively, in compounds of formula 6-3 G2 can be
further elaborated as described in Schemes 7-12 to
provide R4. Reaction Scheme 6 Bromination 1-2 Suzuki
6-3Reaction Scheme 7 describes some of the ways the
aldehyde functional group in compounds of formula 7-1
can be manipulated, where G3 is defined in Scheme 7
and G1 is defined in Scheme 1. Thus, compounds of
formula 7-2 can be prepared by ones skilled in the art
by treatment with an amine, such as a primary or
secondary (cyclic or acyclic) amine, in the presence
of a suitable reducing agent, such as sodium
triacetoxyborohydride or the like in a suitable
solvent such as dichloroethane or the like.
Alternatively, compounds of formula 7-1 can be treated
with a Grignard reagent or the like, in an appropriate
solvent such as THF or the like provides alcohols of
formula 7-3. Cyclized compounds of formula 7-4 can
also be synthesized by treatment of 7-1 with
isocyanide reagents (eg. TosMIC and the like). Thus,
treatment of compounds of formula 7-1 with a reducing
agent, preferably DIBAL-H, in a solvent such as THF or
the like will provide primary alcohols of formula 7-5.
Halogenation of 7-5 with a reagent such as thionyl
chloride or the like in a suitable solvent such as
CH2Cl2 provides a-halo compounds of formula 7-6 (X =
Cl, Br or I). Treatment of 7-6 with alcohols in a
suitable solvent such as DMF or the like, in the
presence of a base such as Hunigs base or the like and
optionally with a catalyst such as potassium iodide or
the like provides ethers of formula 7-7.
Alternatively, treatment of 7-6 with with an amine,
such as a primary or secondary (cyclic or acyclic)
amine, in the presence of a suitable base, such as
Hunigs base or the like provides compounds of
structure 7-2.Reaction Scheme 7 Reaction Scheme 8
describes some of the ways the ketone functional group
in compounds of formula 8-1 can be manipulated, where
G3 is defined in Scheme 7. Thus, compounds of formula
8-1 can be treated with a reducing agent, such as
DIBAL-H and the like in an appropriate solvent such as
THF and others, to provide secondary alcohols of the
formula 8- 3. Tertiary alcohols of formula 8-3 may
also be generated by treatment of 8-1 with Grignard
reagents or the like in aprotic solvents such as THF
and the like. Additionally, compounds of formula 8-1
can be treated with a silyl-triflate in the presence
of a tertiary amine in solvents such as THF to provide
a silyl-enol ether. The compounds can be transformed
into compounds of formula 8-4 by treatment with a
brominating agent such as l,3-dibromo-5,5-
dimethylhydantoin or the like. The compounds of
formula 8-4 can be converted to compounds of formula
8-5 by treatment with a nucleophile Nuc, wherein Nuc
is defined as an amine, such as a primary or secondary
(cyclic or acyclic) amine, or as an alcohol or
carboxylic acid, in a suitable solvent such as DMF or
the like and optionally in the presence of a catalyst
such as potassium iodide and/ or a base such as
potassium carbonate or the like. Optionally
substituted heterocycles of the formula 8-6 (Y can be
independently N, O or S) can also be generated by
treatment of 8-4 with a variety of nucleophiles, which
are wellknown to those in the art (e.g. thioamides, or
formamides for the formation of thiazoles and
imidazoles respectively). Reaction Scheme 8 8-6 8-4
8-5 Reaction Scheme 9 describes some of the ways
amides of formula 9-2 can be synthesized, where G3 is
defined in Scheme 7. Intermediate 9-1 can be
synthesized by those experienced in the art by Scheme
4 or 5 and/or Scheme 6. The carboxylic acid moiety can
be synthesized directly from intermediate 4-3 or from
esters derived from intermediate 5-8, which can be
hydrolyzed under basic conditions (e.g. aqueous NaOH
and the like) in an appropriate solvent. Coupling of
compounds of formula 9-1 (carboxylic acids) with
primary and secondary (cyclic or acyclic) amines under
peptide coupling conditions well known to those
skilled in the art provides amides of formula 9-2.
Reaction Scheme 9 R = alkyl NaOH R = HReaction Scheme
10 describes the preparation of 10-4, which
constitutes a subset of R4 wherein a primary or
secondary (cyclic or acyclic) amine is connected by a
2, 3 or 4 carbon tether and G3 as defined in Scheme 7.
Compounds of formula 10-1 contain either a alkene or
alkyne moiety and can exist as either the free alcohol
or protected by a protecting group (PG) which is well
known in the art. Hydrogenation of the alkene or
alkyne of 10-1 in the presence of a catalyst such as
PtO2 or the like provides compounds of the formula
10-2 (n = 2, 3). Alternatively, compounds of formula
10-2 (n = 1) can be derived directly from intermediate
4-4. If necessary the PG could be removed at this time
by process well know in the art. Halogentaton of the
resulting alcohol could be effected with reagents well
know in the art (e.g. carbon tetrabromide and
triphenylphosphine, or SOCl2) in an aprotic solvent to
afford compounds of the formula 10-3. Nucleophilic
addition of a primary or secondary (cyclic or acyclic)
amine in a suitable solvent such as DMF or the like
and optionally in the presence of a catalyst such as
potassium iodide and/ or a base such as potassium
carbonate or the like provides compounds of the
formula 10-4. Reaction Scheme 10 Bromination 10-1
Reaction Scheme 11 describes the preparation of
compounds of formula 11-3 (R4 = unsubstituted
piperidine or pyrollidine) or 11-4 (R5 = optionally
substituted piperidine or pyrollidine) wherein G3 is
defined as above in Scheme 7. Reduction of the double
bond of 11-1 with hydrogen in the presence of a
catalyst such as PtO2 or the like in a solvent such as
acetic acid or the like provides cyclic amines of
formula 11-2. Deprotection of 11-2 usingprocedures
well known in the art (acid catalyzed deprotection of
BOC carbamate, e.g.) provides compounds of formula
11-3. Reaction of compounds of formula 11-3 with an
appropriate alkylating agent such as ethylene
carbonate in the presence of a suitable base such as
sodium hydroxide provides compounds of the formula
11-6. Compounds of formula 11-4 are also prepared by
treatment of compounds of the formula 11-3 with an
aldehyde such as formaldehyde . and the like and a
reducing agent such as sodium triacetoxyborohydride or
the like in a solvent such as 1,2-dichloroethane or
the like. Compounds of formula 11-4 can also be
prepared by the reaction of the amines of formula 11-3
with an acylating or sulfonating reagent, such as an
acyl anhydride, acyl chloride, sulfonyl chloride or
the like, in the presence of a suitable base such as
pyridine, potassium carbonate, a tertiary amine or the
like, in appropriate solvents such as THF,
dichloromethane, or others. Additionally amines of
formula 11-3 can be treated with isocyanates or
carbamates in appropriate solvents such as THF and the
like to provide ureas of the formula 11-4. Reaction
Scheme 11 11-1 11-2 11-3 Alkylation or reductive
amination or acylation or sulfonylation or urea
formation 11-4 Reaction Scheme 12 outlines the
preparation of compounds of 12-2 wherein R4 is
described as 2-substituted morpholine attached by a
methylene linker and G3 is defined as above in Scheme
7. Ketone 12-1 (PG is either H or an optional
protecting group well known to those in the art) can
reduced directly under lewis acid mediated conditions
(e.g. BF -OEt2 and the like) in the presence of a
hydride source (e.g. triethylsilane and the like). At
this point theprotecting group can be removed under
conditions well known in the art (e.g. acid catalyzed
removal of BOC carbamates). Reaction Scheme 12
Additionally, sensitive or reactive groups on the
compound of this invention may need to be protected
and deprotected during any of the above methods.
Protecting groups in general may be added and removed
by conventional methods well known in the art (see,
for example, T. W. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis; Wiley: New York, (1999).
In order that this invention may be better understood,
the following examples are set forth. These examples
are for the purpose of illustration only, and are not
to be construed as limiting the scope of the invention
in any manner. All publications mentioned herein are
incorporated by reference in their Preparation of
Intermediates Intermediate A: Preparation of
Pyrrolo[2,l-f][l,2,4]triazin-4-ylamine Step 1;
Preparation of Pyrrol-1-yl-carbamic acid tert-butyl
esterO NH O A flask (fitted with a Dean-Stark trap)
containing a stirred solution of r -butylcarbazate
(100, 0.757 mol), 2,5-dimethoxytetrahydrofuran (108 g,
0.832 mol) and 2N HCl (10 mL) in 1,4-dioxane (700 mL)
was heated under nitrogen at 90 0C. As the reaction
progressed over several hours, the solution changed
from pale yellow to orange and began to reflux. The
reaction was monitored by the amount of distillate
collected in the D/S trap (primarily CH3OH, 2 moles /
1 mole reagent). As methanol collection approached the
theoretical amount (50 mL) a sample was analyzed by
TLC (silica gel, GHLF, 1:3 EtOAc/hexane, ninhydrin
stain) to confirm reaction completion. Heating was
shut off and the reaction was allowed to cool somewhat
before adding saturated sodium bicarbonate solution
(-25 mL) to neutralize the hydrochloric acid. The
quenched mixture was filtered through a sinteredglass
funnel and concentrated in vacuo to leave an orange,
semi-solid residue. The residue was suspended in
diethyl ether (minimum volume) and the nearly
colorless solids were collected by suction filtration,
washed with hexane and air-dried to afford 60.2 g
(40%) of product. A second crop (yellow-tan solids)
from the mother liquors was isolated: 29.0 g, (19%).
Additional material which was present in the mother
liquors could be recovered by silica gel
chromatography to increase the yield. 1H-NMR (CD3OD):
d 10.23 (br s, IH), 6.66 (t, 2H, J = 2.2 Hz), 5.94 (t,
2H, J = 2.2), 1.42 (s, 9H); MS: GC/MS (+esi):
m/z=182.9 [MH]+ Step 2: Preparation of
(2-Cyano-pyrrol-l-yI)-carbamic acid, tert-butyl esterA
2L, 3-neck RB was fitted w/ stir bar, N2 inlet, rubber
septum low-temp, thermometer and ice/acetone cooling
bath. Pyrrol- 1-yl-carbamic acid tert-butyl ester
(99.0 g, 0.543 mol) was added to the reactor,
dissolved w/ anhydrous acetonitrile (700 mL) and the
stirred solution was cooled to 0 C. Chlorosulfonyl
isocyanate (49.7 mL, 0.57 mol) was added dropwise via
syringe (maintaining an internal temp, below 5 0C);
after ~ 20 minutes a suspension was observed. After 45
minutes N,N-dimethylformamide (anhydrous, 100 mL) was
added dropwise via addition funnel (keeping internal
temp, below 5 0C) and the reaction mixture became a
solution. Stirring @ 0 0C was continued for 45
minutes, then the reaction was allowed to warm to RT;
monitoring by TLC (silica gel, 1:3 ethyl
acetate/hexane, UV, ninydrin stain) of a quenched
sample indicated that the reaction had progressed to
completion. The mixture was poured onto ice (~2L) and
stirred with addition of EtOAc (2L). The layers were
separated and the organic layer was dried over
magnesium sulfate. The dried solution was filtered
through a pad of 30/40 Magnesol and the filtrate was
concentrated to dryness in vacuo, then the residue was
dissolved in a minimum volume of dichloromethane and
chromatographed on a plug of silica gel, eluting with
ethyl acetate/hexane, 0-50 % ethyl acetate. The clean,
product-containing fractions were combined and
concentrated to dryness in vacuo, to afford the
desired product as a white solid, 69.8 g (62%). A
somewhat impure fraction provided additional material,
16.8 g (15%), bringing the total recovery to 86.6 g,
(77%). 1H-NMR (CD3OD): 7.01 (dd, IH, J = 3.0, 1.6 Hz),
6.82 (dd, IH, / = 4.4, 1.7 Hz), 6.19 (dd, IH, J=4.2,
2.9 Hz), 4.88 (s, IH, H2O+NH-), 1.50 (br s, 9H,
HN-BOC); MS: LC/MS (+esi), m/z=207.9 [M+H] Step 3:
Preparation of l-Amino-lH-pyrrole-2-carbonitriIe
hydrochloride A 3L, 3-neck RB flask was fitted with a
mechanical stirrer, nitrogen inlet, thermocouple/JKEM
thermocontroUer, addition funnel and ice water cooling
bath. (2- Cyano-pyrrol-l-yl)-carbamic acid, tert-butyl
ester (85 g, 0.41 mol) was added and dissolved with
1,4-dioxane (400 mL), then the stirred orange solution
was cooled to 0 0C andHCl/dioxane (4N, 820 mL, 8 eq.)
was slowly added from the addition funnel, maintaining
an internal temperature below 5 0C. After -30 minutes
the solution became cloudy and stirring @ room
temperature was continued for 5 hours; the reaction
was monitored for completion by TLC (silica gel, GHLF,
1:3 EtOAc/hexane, UV; Note: the free base may be
observed as a high-Rf spot and can be misinterpreted
as incomplete reaction). The reaction mixture was
diluted with diethyl ether (2L). and the precipitated
solids were collected by suction filtration and washed
with ether (IL). Drying (vacuum oven @5O0C) afforded
the desired product as 50.5 g (85%) of a tan solid.
1H-NMR (CD3OD): 67.05 (dd, IH, / =2.8, 1.9 Hz ), 6.75
(dd, IH, J =1.8, 4.2 Hz), 6.13 (dd, IH, J =2.8, 4.4 Hz
), 5.08 (s, 3H, NH3 +) ; MS: GCMS, m/z= 108.2 [M+H].
Step 4: Preparation of the title compound To a stirred
suspension of 1-Amino- lH-pyrrole-2-carbonitrile
hydrochloride (50 g, 0.35 mol) in absolute ethanol
(800 mL) was added formamidine acetate (181.3 g, 1.74
mol) and potassium phosphate (370 g, 1.74 mol). The
suspension was heated for 18 hours @ 78 0C (under N2),
then cooled, filtered and concentrated to dryness in
vacuo. The residue was mixed with ice water (2L) and
the dark grayish-brown solids were collected by
suction filtration. The filter cake was washed with
water, sucked dry and the solids were dissolved (on
the funnel) with hot ethyl acetate and filtered into a
collection vessel. The dark solution was filtered
through a long plug of 30/40 Magnesol and the pale
yellow filtrate was concentrated to dryness in vacuo
to afford a yellow-tinged solid (20.6 g, 44.1% yield).
The plug was washed with ethyl acetate/ethanol and the
washings were concentrated in vacuo to afford
additional material, 10.7 g (23%). Extraction of the
aqueous work-up filtrate with ethyl acetate followed
by drying, Magnesol filtration and concentration gave
another 6.3 g (14%) of clean product, bringing the
total recovery to 37.6g (81%). 1H-NMR (CD3OD): d 7.72
(s, IH), 7.52 (dd, IH, J =2.5, 1.6 Hz), 6.85 (dd, IH,
J = 4.5, 1.6 Hz), 6.64 (dd, IH, = 4.5, 2.7 Hz) LC/MS
(+esi): m/z=135.1 [M+H].Intermediate B; Preparation of
7-Br omo-pyr rolo[2,l -f][l 2,4]triazin-4-yIamine A
stirred solution containing
pyrrolo[2,l-f][l,2,4]triazin-4-ylamine (21.0 g, 0.157
mol) in anhydrous DMF (200 mL) was cooled to -20 0C
and l,3-dibromo-5,5-dimethylhydantoin (22.4 g, 0.078
mol) was added portionwise over -45 minutes. The
reaction was stirred for another 45 minutes and
monitored for completion by TLC (silica gel, GHLF,
5%CH3OH/CH2C 12). Saturated Na2SO3 solution (300 mL)
was added, the resulting suspension was stiired and
the solids were collected by suction filtration. The
filter cake was washed with water, dried by suction
and then partitioned between ethyl acetate (IL) and 5%
sodium carbonate solution (IL). The layers were
separated, the organic layer was washed with fresh
sodium carbonate solution and dried over magnesium
sulfate. The filtrate from the work-up was also
extracted and combined with the main batch then
filtered through a pad of Magnesol and concentrated in
vacuo to afford crude mono-bromide, KRAM 206-3-1, 29.9
g, 90% yield. Trituration of a 21.5 g quantity of the
crude mono-/di-bromo product in hot ethyl acetate (300
mL, 70 0C) provided colorless solids (12.3 g)
containing only ~2 % of the di-brominated
side-product. 1H-NMR (CD3OD): d 7.84 (s, IH), 6.95 (d,
IH, J = 4.7 Hz), 6.71 (d, IH, / = 4.7 Hz), 4.89 (s,
3H, -NH2 + H2O); MS: LC/MS (+esi), m/z = 213.1 [M+H].
Intermediate C;
5-Bromo-7-(morphoIin-4-ylmethyl)pyrrolor2,l-fi p
.,2,41triazin-4- amineStep 1 :
7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-4
-amine A solution of formaldehyde (7.9ml, 10.9g,
134mmol) and morpholine (8.0ml, 11.7g, 134mmol) in
AcOH (90 mL) was allowed to stir for 20 minutes
(slightly exothermic). A solution of the intermediate
A (15.0Og, 112mmol) in AcOH (500 mL) was then added
and the resulting mixture was heated to 60 0C over
night (Note-solution gets darker in color over time).
The reaction was concentrated in vacuo and the residue
was dissolved in EtOAc (-300 mL) and washed with IN
NaOH (pH is -10) (-300 mL). The aqueous phase was
back-extracted with EtOAc (3 x 10OmL). Because the
product is somewhat water soluble and the aqueous
extracts still indicated heavy UV, the aqueous layer
was diluted with brine (1:1) and extracted 3 x 100 mL
EtOAc (note- pH of aqueous phase was checked after
each extraction and re-adjusted with IN NaOH to remain
in the 9-10 range). The combined organic layer was
washed with brine (-200 mL), dried (Na2SO4), filtered
and concentrated in vacuo to afford a yellow solid.
The crude material was recrystallized from 10% THF in
EtOAc to afford 19.5g (75% yield) of a light yellow
free flowing solid. Product Rf = 0.20 in 9:1 DCM:EtOH
1H-NMR (DMSO-^ 6) 6 7.82 (s, IH), 7.73 to 7.56 (br s,
2H), 6.84 (d, J = 4.5 Hz, IH), 6.54 (d, J = 4.4 Hz,
IH), 3.76 (s, 2H), 3.52 (t, J = 4.5 Hz, 4H), 2.38 (t,
J =4.4 Hz, 4H); MS: LC/MS (+ esi) RT = 1.01 min m/z=
234 [M+H] Step 2. Preparation of title compoundIn a
3-neck round bottom flask flushed with nitrogen was
dissolved the morpholino pyrrolotriazine (8.9 Ig,
38.2mmol) in THF (275 ml). This resulting solution was
cooled to - 78 0C (acetone/dry ice). To this was added
the l,3-Dibromo-5,5-dimethylhydantoin in 4
(approximately equal) portions (total amount used =
5.242g, 18.33mmol, 0.48 equiv) 30 minutes apart. The
reaction was allowed to stir for an additional 30 min
at -78 0C and was then warmed to -45 0C with a dry
ice/MeCN bath and stirred for 30 min. Lastly, the
reaction was allowed to warm to -10 0C in an
ice/acetone bath and allow to stir for an additional
30 min. TLC (9: 1 DCM:EtOH,) indicates major component
is desired product (Rf 0.52) also note small amount of
SM (Rf = 0.20) and/or dibromide (Rf = 0.58)-obtained
through retro-mannich followed by bromination at
C--7). The reaction was quenched at -10 0C with Sat'd
Na2SO3 (30 mL) and stirred for 30 minutes, allowing
reaction to warm to RT. The mixture was diluted with
EtOAc (300 mL) and water (100ml) and separated. The
aqueous phase was back-extracted with EtOAc (6 x
10OmL) (note-desired product was highly water
soluble). The combined organic layer was washed with
brine (200 mL), dried (Na2SO4), filtered and
concentrated in vacuo to afford a light yellow solid.
The crude material was recrystallized from THF to
afford 5.24 grams of slightly pink free flowing solid.
The mother liquor was concentrated to provide a yellow
residue and was recrystallized from THF to afford a
second batch (1.73 grams, combined yield of 58.5%) of
slightly pink material. Product Rf = 0.52 in 9:1
DCM:EtOH. 1H-NMR (DMSO-J 6) d 7.86 (s, IH), 6.72 (s,
IH), 3.75 (s, 2H), 3.53 (t, / = 4.5 Hz, 4H), 2.38 (t,
J =4.3 Hz, 4H); MS: LC/MS (+esi), RT = 0.25 min m/z=31
1.9 [M+H]. Intermediate D:
4-[(4-amino-5-bromopyrroIo[2,l-f][l,2,4]triazm-7-yl)me
thyl]- piperazin-2-oneStep 1: Preparation of
4-[(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)methyl]pi
perazin- 2-one A solution of paraformaldehyde (726 mg,
8.95 mmol) and 2-oxopiperazine (1.49 g, 14.9 mmol) in
acetic acid (35 ml) was stirred under nitrogen for 10
minutes and then Intermediate A (1.00 g, 7.46 mmol)
was added. The resultant mixture was heated at 60 0C
for 2 hr and then evaporated in vacuo to give dark
oily residue. This raw product was diluted with about
200 ml of EtOAc and then filtered twice to remove a
very dark solid which was rinsed with additional EtOAc
and give an orange filtrate which was mixed with
saturated aqueous NaHCO3 to precipitate a cream
colored solid precipitate. This material was collected
by filtration, washed with water and EtOAc and then
dried in vacuo to give pure
4-[(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)methyl]pi
perazin-2-one (948 mg, 52 %). 1H-NMR (DMSO-d ) d 7.82
(s, IH), 7.6 - 7.7 (bs, 3H), 6.86 (d, IH, J = 4.8),
6.56 (d, IH, J = 4.8), 3.85 (s, 2H), 3.09 (m, 2H),
2.91 (s, 2H), and 2.55 (m, 2H); MS LC-MS [MH-H]+ =
247.3 and [M+Naf = 275.9, RT = 1.03 min. Step 2:
Preparation of the title compound A suspension of
4-[(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)methyl]pi
perazin-2-one (900 mg, 3.65 mmol) was stirred under
nitrogen in DMF (24 ml) as trifluoroacetic acid (0.40
ml, 5.2 mmol) was added via syringe resulting in a
solution. This solution was stirred under nitrogen
with -20 to - 30 0C bath cooling as
l,3-dibromo-5,5-dimethylhydantoin (470 mg, 01.65 mmol)
was added in 6 portions every 5 - 20 minutes. A small
aliquot was removed, diluted with MeOH and assayed by
HPLC to show that 87 area %product had formed along
with about 2 % later side product thought to be
dibromide. The reaction mixture was diluted with EtOAc
and washed with ca. 20 ml saturated NaHCO3. The
aqueous was back extracted three times with 10 %
isopropanol in dichloromethane. The combined extract
wasdried (Na SO ) and evaporated in vacuo. The residue
was chromatographed on 40 g silica gel using a
gradient from 0 - 10 % MeOH in CH Cl . The best
fractions were combined, evaporated and the residue
was triturated with a mixture of hot THF, MeOH and
CH2CI2 and then cooled in a refrigerator before
collecting the solid which was dried in vacuo to give
pure
4-[(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)methyl]pi
perazin-2-one (724 mg, 6 1 %). 1H-NMR (DMSO-4) d 7.86
.(s, IH), 7.71 (bs, IH), 6.76 (s, IH), 3.84 (s, 2H),
3.09 (m, 2H), 2.93 (s, 2H), and 2.56 (t, 2H, J = 5.4);
MS LC-MS [M+H]+ = 325/327 (weak), RT = 1.08 min.
Intermediate E: Preparation of
5-(4-aminophenyl)-7-(morpholin-4yImethyl)pyrrolo-
[2,l-f][l,2,4]triazin-4-amine Step 1: Preparation of
4-aminopyrrolo[2,l -f][l 2,4]triazine-7-carbaldehyde
To a solution of Intermediate B (50mg, 0.23mmol) in
THF (2ml) at -78 0C under N2 was added n-butyllithium
(0.38 ml, 0.93 mmol) slowly. After stirred for 15 min,
DMF (0.10 ml, 1.4 mmol) was added and the dry-ice bath
was removed and the reaction was allowed to warm up to
rt. The reaction mixture was diluted with ethyl
acetate and was quenched with H O. The organic was
collected, dried over Na2SO4 and concentrated to yield
34 mg of a mixture of the title compound and a
byproduct pyitolo[2,l-f][l,2,4]triazin-4-amine. The
mixture was not separable via column chromatography
and was subject to next step reaction without further
purification. 1H-NMR (DMSO-4) d 10.3 (-CHO) . MS
[M+H]+ = 163.2; LCMS RT = LlImIn.Step 2: Preparation
of
7-(morphoIin-4-yImethyI)pyrrolo[2,l-f][l,2y4]triazin-4
-amine To
4-aminopyirolo[2,l-f][l,2,4]triazine-7-carbaldehyde(23
5 mg, 1.45 mmol) in 1,2- dichroloethane (5 ml) was
added morpholine (0.25 ml, 2.9 mmol) and sodium
triacetoxyborohydride (611 mg, 2.9 mmol). The reaction
mixture was stirred at rt under N2 for 16h. The
reaction was quenched with saturated aq. sodium
bicarbonate and followed by extraction with CH2Cl2.
The organic was dried over Na2SO4, concentrated and
purified via column chromatography (5:95 v/v
CHsOH-CH2Cl2) to afford 66 mg of the title compound
(yield 20%). 1H-NMR (DMSO-^ 6) d 7.80 (s, IH), 7.62
(br, 2H), 6.83 (d, J = 4 Hz, IH), 6.52 (d, J = 4 Hz,
IH), 3.75 (s, 2H), 3.51(t, J = 4 Hz, 4H), 2.37(t, J =
4 Hz, 4H); MS [M+H]+ = 234; LCMS RT = 1.00 min. Step
3: Preparation of
5-bromo-7-(morphoIm-4-ylmethyl)pyrrolo[2,l-f][l,2,4]tr
iazin-4- amine To a solution of
7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-4
-amine (562mg, 2.40 mmol) in THF (19 ml) at -20C was
added l,3-dibromo-5,5-dimethylimidazolidine-2,4- dione
(344 mg, 1.2 mmol) in three portions. The reaction was
stirred at -20C for 3h. Upon the completion, the
reaction was quenched with aqueous saturated Na2SO3
and allowed to warm up to rt. The crude was extracted
with ethyl acetate. The organic was washed with brine,
dried over Na2SO4 and concentrated. The resulting
crude was purified via column chromatography (95:5 v/v
CH2Cl2 - CH3OH) to afford 600 mg of the title compound
asyellow solid (yield 79%). 1H-NMR (DMSO-J 6) 6 7.84
(s, IH), 6.71 (s, IH), 3.74 (s, 2H), 3.51 (t, J = 4
Hz, 4H), 2.37(t, 7 = 4 Hz, 4H); MS [M+H]+ = 312; LCMS
RT = 1.04 min. Step 4. Preparation of title compound A
mixture of -Intermediate C (100 mg, 0.32 mmol),
4-(4,4,5,5-tetratnethyl- 1,3,2-
dioxaborolan-2-yl)aniline (210 mg, 0.96 mmol), 2M
Na2CO3(0.48 ml, 0.96 mmol) and
tetrakis(triphenylphosphine)palladium (37 mg, 0.03
mmol) in 1,2-dimethoxyethane (2 ml) was degassed and
filled with N2 and was s heated at 8OC under N2 for
16h. After cooled to rt, the reaction mixture was
partitioned between CH2Cl and water. The aqueous phase
was extracted with CH2Cl2 two times. The combined
organic was washed with brine and dried over Na2SO4.
The crude was concentrated to give the raw product as
yellow oil. The resulting crude oil was purified via
column chromatography (95:5 v/v CH2Cl2-CH3OH) to
afford 52 mg of the title compound (yield 50%). 1H-NMR
(DMSO-J 6) d 7.83 (s, IH), 7.10(d, J = 9 Hz, 2H),
6.63(d, / = 9 Hz, 2H), 6.49(s, IH), 5.24(s, 2H), 3.78
(s, 2H), 3.51 (t, J = 4 Hz, 4H), 2.41(t, J = 4 Hz,
4H); MS [M+H]+ = 324.9; LCMS RT = 1.00 min.
Intermediate F:
5-(4-amino-3-fluorophenyI)-7-(morpholin-4-ylmethyl)pyr
rolo[2,l-fJ- [l,2,4]triazin-4-amine Step 1;
Preparation of tert-butyl
{4-[4-amino-7-(morpholin-4-ymethyI)pyrrolo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyI}carbamateTo a
solution of Intermediate C (500 mg, 1.6 mmol) in
dioxane (30 mL) and 2N Na2CO3 (30 mL) was added
Intermediate P (576 mg, 1.68 mmol). The solution was
degassed and back filled with N . Palladium tetralds
triphenylphosphine (185 mg, 0.16 mmol) was added and
the reaction mixture was heated to 80 0C over night.
The reaction was cooled to room temperature and
diluted with EtOAc (100 mL). The organic layer was
washed with brine, dried over Na2SO4 and concentrated
in vacuo. The product was purified by flash column
chromatography (Eluent gradient 1-10% MeOH / CH2Cl2)
to provide the t-butyl {4-[4-
amino-7-(morpholin-4-ylmethyl)pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl]-2-fluorophenyl} carbamate (1.9 g,
4.29 mmol) as a white powder in 92% yield. 1H-NMR
(DMSOd 



6) 69.08 (s, IH), 7.90 (s, IH), 7.70 (t, J = 8.4 Hz,
IH), 7.27 (dd, J = 12, 2 Hz, IH), 7.20 (dd, / = 8.4, 2
Hz, IH), 6.65 (s, IH), 3.80 (s, 2H), 3.54 (m, 4H),
2.43 (m, 4H), 1.46 (s, 9H); MS [M+H]+ = 442.8; LCMS RT
= 2.18. Step 2. Preparation of title compound To a
slurry of the t-butyl carbamate (510 mg, 1.15 mmol) in
CH2Cl (10 mL) was added TFA (5 mL). The reaction
mixture became homogenous instantly and was allowed to
stir for Ih. The reaction mixture was poured into IN
aqueous NaOH (100 mL) and extracted with EtOAc (100
mL). The organic layer was dried over Na2SO4 and
concentrated in vacuo to provide the title compound
(392 mg, 1.14 mmol) in 99% yield. The product was used
immediately without further purification. 1H-NMR
(DMSO-J 6) d7.86 (s, IH), 7.07 (dd, J = 12, 2 Hz, IH),
6.95 (dd, J = 8, 2 Hz, IH), 6.82 (dd, / = 9.4, 8 Hz,
IH), 6.55 (s, IH), 5.29 (s, 2H), 3.79 (s, 2H), 3.54
(m, 4H), 2.43 (m, 4H). Intermediate G:
5-(4-amino-3-fluorophenyl)-7-[(l,l-dioxidothiomorpholi
n-4-
yl)methyI]-pyrrolo[2,l-f][l,2,4]triazin-4-amineThe
procedure used for the preparation of Intermediate F
was used to prepare the title compound by substituting
thiomorpholine 1,1-dioxide for morpholine.
Intermediate H: Preparation of phenyl
[4-(trifluoromethyl) pyridin-2-yl]carbamate A solution
of the commerically available
2-amino-4-trifluoromethylpyridine (20.86 g, 128.7
mmol) in 250 mL CH2C was treated with
phenylchloroformate (17.81 mL, 141.5 mmol) and
pyridine (22.85 mL, 283 mmol). During addition of the
pyridine a yellow precipitate formed and a
considerable exotherm was observed. After 0.5 h the
homogeneous reaction was diluted with 1 L Et2O and
washed with IN bisulfate buffer (pH 2) and sat.
NaHCO3. The organic layer was dried with Na2SO4 and
evaporated to yield a gray solid. Tritruration with
Et2q :hexanes (1:5) gave the title compound as cottony
white crystals (33.5 g, 92 % Yield). . 1H-NMR (DMSO-J
) d 11.28 (s, IH), 8.60 (d, J = 5.1 Hz, IH), 8.12 (bs,
IH), 7.40 to 7.48 (m, 3H), 7.22 to 7.31 (m, 3H); MS
[M+H]+ = 283.1; LCMS RT = 3.51. Intermediate I ;
Preparation of tert-butyl
4-{[4-amino-5-(4-aminophenyI)pyrrolo[2,lf][
l,2,4]triazin-7-yl]methyl}piperazine-l-carboxyIateStep
1 : Preparation of tert-butyl
4-[(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-
yl)methyl]piperazine-l-carboxylate The procedure used
for the preparation of Intermediate C, Step 1 was used
to prepare the tbutyl 4-[(4-aminopyrrolo[2, 1-f]
[1,2,4]triazin-7-yl)methyl]piperazine- 1-carboxylate
by substituting tert-butyl piperazine-1 -carboxylate
for morpholine. 1H-NMR (DMSOd 6) d 7.8 l(s, IH),
7.63(br, 2H), .6.83(d, / = 4 Hz IH), 6.53(d, / = 5 Hz,
IH), 5.74(s, IH), 3.99 (s, 2H), 3.39 to 3.34(m, 4H),
2.35 to 2.30(m, 4H), 1.97(s, 3H); MS [M+H]+ = 333.0;
LCMS RT = 1.16min. Step 2;
4-(4-amino-5bromo-pyrroIo[2,l-f][l,2,4]triazin-7-ylmet
hyl)-piperazi pe-lcarboxylic acid tert-butyl ester To
a solution of
4-(4-amino-pyrrolo[2,l-f][l,2,4]triazin-7-ylmethyl)-pi
perazine-l-carboxylic acid tert-butyl ester (252 mg,
0.758 mraol) in THF (8 mL) at -20 0C (IPA and dry ice)
was added l,3-dibromo-5,5-dimethyl-imidazolidine
-2,4-dione (108 mg, 0.379 mmol). The reaction was
stirred at -20 0C for 4 h. After removal of solvent,
the residue was purified by silica gel column using 4%
methanol in dichloromethane to obtain 209 mg (67%) of
desired product. 1H-NMR (CD2Cl2) 7.81 (s, IH), 7.23
(s, IH), 6.61 (s, IH), 3.86 (s, IH), 3.41 (t, J = 2.4,
4H), 2.48 (s, 4H), 1.43 (s, 9H) MS [M+H]+ = 410.9;
LCMS RT = 1.87 min Step 3: Preparation of title
compoundThe procedure used for the preparation of
Intermediate E, step 4 was used to prepare the tbutyl
4-{[4-amino-5-(4-aminophenyl)pyrrolo[2, 1-fj
[1,2,4]triazin-7-yl]methyl jpiperazine- 1- carboxylate
by substituting
4-(4-amino-5-biOm.o-pyrrolo[2,l-f][l,2,4]triazin-7-ylm
ethyl)- piperazine-1-carboxylic acid tert-butyl ester
for Intermediate C. Intermediate J; Preparation of
7-[(4-acetylpiperazin-l-yl)methyl]-5-(4-amino-3-
fluorophenyl)pyrrolo[2,l-f][l,2,4]triazin-4-amine Step
1; Preparation of
7-[(4-acetylpiperazin-l-yl)methyl]pyrrolo[2,l-f][l,2,4
]triazin-4- amine The procedure used for the
preparation of Intermediate C, Step 1 was used to
prepare 7-[(4-
acetylpiperazin-l-yl)methyl]pyrrolo[2,l-fJ[l,2,4]triaz
in-4-amine by substituting N-acetyl piperizine for
morpholine. 1H-NMR (DMSO-J6) d 7.8 l(s, IH), 7.63(br,
2H), .6.83(d, J =A Hz IH), 6.53(d, J = 5 Hz, IH),
5.74(s, IH), 3.99 (s, 2H), 3.39 to 3.34(m, 4H), 2.35
to 2.30(m, 4H), 1.97(s, 3H) ;MS [M+H]+ = 275.1; LCMS
RT = 1.02 min. Step 2 Preparation of
7-[(4-acetyIpiperazin-l-yl)methyl]-5-bromopyrrolo[2,lf
][ l,2,4]triazin-4-amine The procedure used for the
preparation of Intermediate C, step 2 was used to
prepare 7-[(4-
acetylpiperazin-l-yl)methyl]-5-bromopyrrolo[2,l-f][l,2
,4]triazin-4-amine by substituting
7-[(4-acetylpiperazin- 1-yl)methyl]pyrrolo[2, 1-f]
[1,2,4]triazin-4-amine for 7-(morpholin-4-
ylmemyl)pyrrolo[2,l-f][l,2,4]triazin-4-amine. 1H-NMR
(DMSO-J 6) d 7.82(s, IH), 6.72(s, IH), 3.81(s, 2H),
3.42 to 3.38(m, 4H), 2.45 to 2.40(m, 4H), 1.95(s, 3H)
; MS [M+H]+ = 354.9; LCMS RT = 1.10 min. Step 3;
Preparation of tert-butyl
(4-{7-[(4-acetyIpiperazin-l-yl)methyl]-4-aminopyrrolo[
2,l-f][l,2,4]triazin-5-yl}-2-fluorophenyl)carbamate
The procedure used for the preparation of Intermediate
F, step 1 was used to prepare the tbutyl (4-
{7-[(4-acetylpiperazin-
1-yl)methyl]-4-amino-pyrrolo[2, 1-f]
[1,2,4]triazin-5-yl }-2- fluorophenyl)carbamate by
substituting 7-[(4-acetylpiperazin-l-yl)methyl]-5-
bromopyrrolo [2, 1-f] [1,2,4]triazin-4-amine for
Intermediate C.MS [M+H]+ = 483.9; LCMS RT = 2.15 min.
Step 4: Preparation of title compound To a solution of
t-butyl (4-{7-[(4-acetylpiperazin-
l-yl)methyl]-4-aniinopyrrolo [2,1-
f][l,2,4]triazin-5-yl}-2-fluorophenyl)carbainate
(320mg, 0.62mmol) in CH2Cl2 (8 ml) was added TFA (3
ml) and was stirred at rt for 3 h. The reaction
mixture was partially evaporated and was added 10 ml
ethyl acetate and washed with saturated aq. NaHCO3.
The organic was dried over Na SO , concentrated and
purified via column chromatography (95:5, v/v,
CH2Cl2-CH3OH) to afford 74 mg of the title compound
(yield 30%). 1H-NMR (CH3OH-J4) d 7.85 (s, IH), 7.10 to
7.00 (m, 3H), 6.66 (s, IH), 4.00(s, 2H), 3.60 to
3.50(m, 4H), 2.63 to 2.55(m, 4H), 20.6(s, 3H) ;MS
[M+H]+ = 383.9; LCMS RT = 1.10 min. Intermediate K;
Preparation of
5-(4-amino-3-methoxyphenyl)-7-(morpholin-4-
ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-4-amineStep 1:
Preparation of tert-butyl
{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,lf][
l,2,4]triazin-5-yl]-2methoxyphenyl}carbamate The
procedure used for the preparation of IntermediateF,
step 1 was used to prepare the tbutyl
{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo [2, 1-f]
[1,2,4]triazin-5-yl] - 2methoxyphenyl} carbamate by
substituting Intermediate BV for Intermediate X
(t-butyl [2- fluoro-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaboraolan-2-yl)phenyl]carbamate) and
substituting 1,4-dioxane for 1,2-dimethoxyethane
.1H-NMR (DMSO-^6) d 7.98(s, IH), 7.89 (s, IH), 7.78
(d, J = 8 Hz, IH), 7.05(d, J = 2 Hz, IH), 6.96 (dd, J
= 8, 2 Hz, IH), 6.65 (s, IH), 3.83 (s, 3H), 3.80(s,
2H), 3.53 (t, J = 4 Hz, 4H), 2.42(t, J = A Bz, 4H),
1.41(s, 9H).; MS [M+H]+ = 455.0; LCMS RT = 2.44 min.
Step 2: Preparation of title compound To a solution of
t-butyl
{4-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l,2
,4]triazin- 5-yl]-2methoxyphenyl}carbamate (100 mg,
0.22 mmol) in CH2Cl2 (4 ml) was added trifluoroacetic
acid (1.5 ml) and was stirred at rt for 3 h. The
reaction mixture was partially evaporated and was
added 10 ml ethyl acetate and washed with saturated
aq. NaHCO3. The organic was dried over Na SO4 and
concentrated to afford 80 mg of the title compound.
1HNMR (DMSO-J 6) d 7.84 (s, IH), 6.84 (d, = 2 Hz, IH),
6.84 to 6.68 (m, 2H), 6.55 (s, IH), 4.87 (s, 2H), 4.01
to 3.99(m, 5H), 3.53 (t, = 4 Hz, 4H), 2.42(t, J =4 Rz,
4H) .Intermediate L Preparation of
5-(4-amino-2-methylphenyI)-7-(morpholin-4-
yImethyl)pyrrolo[2,l-f][l,2,4]triazin-4-amine The
procedure used for the preparation of Intermediate E,
Stept 4 was used to prepare the title compound by
substituting Intermediate BU for
4-(4,4,5,5-tetramethyl- 1,3,2-
dioxaborolan-2-yl)aniline and toluene for
1,2-dimethoxyethane. 1H-NMR (DMSO- ) d 7.82 (s, IH),
6.86(d, J = 8 Hz, 2H), 6.50(d, = 2 Hz, IH), 6.42(d, J
= 8 Hz, 2H), 5.16(s, 2H), 3.78 (s, 2H), 3.53 (t, / = 4
Hz, 4H), 2.41(t, J = Bz, 4H), 1.97(s, 3H); MS [M+H]+ =
338.9; LCMS RT = 1.01 min. Intermediate M: Preparation
of
N-[2-fluoro-5-(trifluoro-methyl)phenyI]-N'-[4-(4,4,,5,
5- tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]urea To
a solution of 1,2 dichloroethane (80 mL) was added
4-(4,4,5,5,-tetramethyl- 1,3,2-
dioxaborolan-2-yl)aniline (5.00g, 22.82 mmol) and
allowed to stir until completely dissolved. To this
solution was added 2-fluoro-5-trifluoromethyl
phenylisocyante (4.92g, 23.96 mmol) in one portion.
The solution was allowed to stir overnight at rt, and
then filter off the solids obtained. Rinse with 1,2
dichloroethane. A second crop of product is obtained
by concentrating the mother liquor, stirring in 20ml
of 1,2 dichloroethane, filtering, and rinsing with 1,2
dichloroethane. Total amount of white crystals
obtained was 9.56g (22.54 mmol, 98.8% yield). 1H-NMR
(DMSO-J 6) d 9.30 (s, IH), 8.92 (s, IH), 8.60 (d, J
=5.0 Hz IH), 7.60 (d, J = 6.8 Hz, 2H), 7.51 to 7.46
(m, 3H), 7.4 to 7.36 (br m, IH), 1.26 (s, 12H); MS
[M+H]+ = 425 LCMS RT = 4.1 1 min. Intermediate N:
Preparation of
N-[2-chloro-5-(trifluoro-methyl)phenyl]-N'-[4-(4,4,5,5
- tetramethyl-l,3,2-dioxaborolan-2-yl) phenyljurea The
procedure used for the preparation of Intermediate M
was used to prepare the title compound by substituting
2-chloro-5-trifluoromethyl phenylisocyante for
2-fluoro-5- trifluoromethyl phenylisocyante. 1H-NMR
(DMSO-J 6) d 9.71 (s, IH), 8.63 (m, 2H), 7.71 (d, J =
8.2 Hz, IH), 7.61 (d, J = 6.8 Hz, 2H), 7.49 (d, J =
6.9 Hz, 2H), 7.37 (d, J = 8.0 Hz IH), 1.26 (s, 12H);
MS [M+H]+ = 441 LCMS RT = 4.38 min Intermediate O:
Preparation of
N-[2-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxa-borolan
-
2-yl)phenyl]-N'-[2-fIuoro-5-(trifluoromethyI)phenyl]ur
ea Step 1. Preparation of
N-(4-bromo-2-fluorophenyl)-N'-[2-fluoro-5-(trifIuorome
thyl) phenyljureaTo a solution of 1,2 dichloroethane
(100 mL) was added 4-Bromo-2-fluoroaniline (5.0Og,
26.3 1 mmol) and allowed to stir until completely
dissolved. To this solution was added 2-
fluoro-5-trifluoromethyl phenylisocyante (5.67g, 27.63
mmol) in one portion. The solution was allowed to stir
overnight at rt, and then filter off the solids
obtained. Rinse several times with 1,2 dichloroethane
(15ml total). A second crop of product was obtained by
concentrating the mother liquor, stirring in 20ml of
1,2 dichloroethane, heat to reflux with stirring, cool
to rt, filter, and rinse with 1,2 dichloroethane.
Total amount of white solids obtained was 10.13g
(25.64 mmol, 97.4% yield). 1H-NMR (DMSO-J 6) d 9.37
(s, IH), 9.23 (s, IH), 8.60 (d, / = 7.2 Hz IH), 8.15
(t, J = 8.8 Hz, IH), 7.58 to 7.50 (dd, / = 8.9, 2.2
IH), 7.48 (m, IH), 7.40 to 7.32 (m, 2H); LCMS RT =
4.22 min. Step 2: Preparation of title compound To a
solution of 1,4-dioxane (60 mL) was added the
N-(4-bromo-2-fluorophenyl)-N'-[2-
fluoro-5-(trifluoromethyl) phenyl]urea (10.00g, 25.31
mmol, intermediate B) and allowed to stir under
nitrogen. DMF is added dropwise until solution was
homogeneous. Reaction was degassed 3X. To this
solution was added Bis(pinacolato)diboron (7.7 Ig,
30.37 mmol) in one portion. Reaction was degassed 5X.
Potassium acetate (7.45g, 75.92 mmol) was then added
in one portion. Reaction was then degassed 3X more. To
this heterogeneous reaction was added
l,r-Bis(diphenylphosphino)ferrocenepalladium
dichloride (925mg, 1.26 mmol). Reaction was degassed
5X and then heated to 800C and allowed to stir at
temperature overnight. Reacton is filtered through a
thin pad of silica to remove solids and then purified
via flash column using a gradient of 15:1 to 5:1
Hex:EtOAc to obtain 12.24g as a white solid. (109%
yield, 27.68 mmol used as is). 1H-NMR (DMSO-J 6) d.
9.46 (s, IH), 9.33 (s, IH), 8.63 (d, = 7.4 Hz IH),
8.28 (t, / = 8.2 Hz, IH), 7.52 to 7.35 (br m, 4H),
1.27 (s, 12H); MS [M+H]+ = 443; LCMS RT = 4.31 min.
Intermediate P ; Preparation of tert-butyl
[2-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-
dioxaborolan-2-yl)phenyl]carbamate. Preparation of
tert-butyl (4-bromo-2-fluorophenyl)carbamate To a
solution of THF (400 ml) in a water bath was added
4-bromo-2-fluoroaniline (50g, 263.13mmol). To this
solution is added a IM solution of sodium
bis(Trimethylsilyl)amide in THF (526ml) dropwise over
1 hour. Di-tert-butyl dicarbonate is dissolved in 100
ml of THF and added dropwise to the reaction flask.
Stir at RT for 2 hours. Reaction solution is now
poured into 1.2L of saturated sodium bicartbonate and
stirred. Add 1.2L of diethyl ether and extract.
Extract 2X more with diethyl ether (500ml each) and
combine organics. Wash organics 2X water, IX brine,
separate, dry organics over sodium sulfate, filter and
strip of solvent to obtain 65.6g (85.9%, 226.10 mmol)
orange waxy solids that are used as is. 1H-NMR (DMSO-J
6) d 9.08(s, IH), 7.58 (t, J = 8.5 Hz IH), 7.49 (dd, J
= 10.4, 2.4 Hz 2H), 7.32 to 7.29 (m, IH), 1.45 (s,
12H); LC RT = 3.77 min Step 2: Preparation of title
compound The procedure used for the preparation of
Intermediate O, step 2 was used to prepare the title
compound by substituting tert-butyl
(4-bromo-2-fluorophenyl)carbamate (4 Ig, 141.3 lmmol)
for
N-(4-bromo-2-fluorophenyl)-N'-[2-fluoro-5-(trifluorome
thyl) phenyl]urea. 1H-NMR (DMSO-J 6) d 9.16(s, IH),
7.76 (t, / = 8.0 Hz IH), 7.41 (d, J =8.1Hz IH), 7.31
(d, / = 11.3 Hz IH), 1.45 (s, 9H), 1.27 (s, 12H); LC
RT = 4.25 minIntermediate Q: Preparation of
N42-fluoro-4-(4A5,5-tetramethyI-1.3.2-dioxa-boroIan-
2-yl)phenyI]-N'-[3-(trifluoromethyI)phenyl]urea Step
1: Preparation of
N-(4-bromo-2-fluorophenyl)-N'-[3-(trifluoromethyl)-
phenylj-urea To a solution of 4-bromo-2-fluoroaniline
(3.Og, 15.8 mmol) in THF (15mL) was added 1-
isocyanato-3-(trifluoromethyl)benzene (3.55g,
18.9mmol). The reaction was stirred at room
temperature overnight. Solid product was present in
the reaction vessel. Product was further precipitated
by the addition of 1:2 ether/hexanes. The solids were
collected by filtration, dried under hi vacuum and
found to be clean title compound in 60% yield. 1HNMR
(DMSO-d6) d 9.44 (s, IH), 8.76 (d, / = 1.2Hz, IH),
8.12 (t, J =8.7, IH), 8.05 (s, IH), 7.64-7.37 (m, 5H);
MS [M+H]+ =378.9, LCMS RT = 3.92 min. Step 2 ;
Preparation of title compound Potassium acetate
(1.56g, 15.9mmoL) and the bis(pinacolato)diboron
(1.35g, 5.3mmol) were added as solids to a flask then
placed under N2. N-(4-bromo-2-fluorophenyl)-N'-[3-
(trifluoromethyl)phenyl]urea (2.Og, 5.3mmol) in DMSO
(3OmL) was then added to the flask. The reaction was
taken through three purge-fill cycles using high
vacuum then nitrogen. Pd(dppf) 2Cl2CH2Cl2 (0.129g,
0.159mmol) was added. The reaction was again placed
under vacuum then blanketed with nitrogen. The
reaction was heated at 800C until TLC showed the
complete consumption of starting bromide (
approximately 90 minutes). The reaction was cooled to
room temperature. ETOAc was added, the reaction was
then partitioned between EtOAc and saturated aqueous
bicarbonate. The organic layer was washed withbrine
seven times to remove DMSO. The material was then
dried with Na SO4 and concentrated under vacuum. The
residue was chromatographed with eluent 0-30% v/v
ETOAc /Hexanes. Pure product was thus obtained in 73%
yield. 1H-NMR (DMSO-cfe) d 9.52 (s, IH), 8.85 (s, IH)
8.27 (t, J = 8.1 Hz, IH), 8.07 (s, IH), 7.56-7.37 (m,
5H), 1.31 (s, 12H); MS [M+H]+ = 425.3, LCMS RT 4.24
min. Intermediate R: Preparation of
N-[2,6-difluoro-4-(4,4,5,5-tetramethyI-l,3,2-
dioxaborolan-2-yI)phenyl]-N'-[2-fluoro-5-(trifluoromet
hyl)phenyl]urea Step 1: Preparation of
2,6-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan
-2- yl)aniline Potassium acetate (3.54g, 36.1 mmol)
and the boronate (3.36g, 13.2 mmol) were added as
solids to a flask then placed under N2.
4-bromo-2,6-difluoroaniline (2.5Og, 12.0mmol) in DMSO
(3OmL) was then added to the flask. The reaction was
taken through three purge-fill cycles using high
vacuum then nitrogen. Pd(dppf)CH 2Cl2 (0.129g,
0.159mmol) was added. The reaction was again placed
under vacuum then blanketed with nitrogen. The
reaction was heated at 80 0C until TLC showed the
complete consumption of starting bromide
(approximately 90 minutes). The reaction was cooled to
room temperature. ETOAc was added, the reaction was
then partitioned between EtOAc and saturated aqueous
bicarbonate. The organic layer was washed with brine
seven times to remove DMSO. The material wasthen dried
with Na2SO4 and concentrated under vacuum. . The
residue was chromatographed with eluent 0-100% v/v
CEbCVHexanes. Pure product was obtained in 62% yield.
1H-NMR (OMSO-d6) d 7.03 (dd, J = 6.6Hz, 1.8Hz, 2H),
5.76 (s, 2H) 1.26 (s, 12H); MS [M+H]+ = 256.3, LCMS RT
= 3.30 min; R/= 0.37 in 40% CH2Cl2/ Hexanes. Step 2:
Preparation of the title compound. To a solution of
2,6-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan
-2-yl)aniline (0.300g, 1.18 mmol) in THF (2mL) was
added l-fluoro-2-isocyanato-4-(trifluoromethyl)benzene
( 0.3 14g, 1.53mmol). The reaction was stirred at 45C
overnight. Solid product was present in the reaction
vessel. Product was further precipitated by the
addition of 1:3 ether/hexanes. The solids were
collected by filtration, dried under hi vacuum and
found to be clean title compound in 71% yield. 1H-NMR
(DMSO-^) d 7.03 (dd, J = 6.6, 1.8 Hz, 2H), 5.76 (s,
2H), 1.26 (s, 12H); MS [M+Hf = 461.2, LCMS RT = 4.1 1
min. Intermediate S: Preparation of
N-[2,6-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-
dioxaborolan-2-yI)phenyl]-N'-[4-(trifluoromethyI)pyrid
in-2-yl]urea Step 1: Preparation of
N-(4-bromo-2,6-difluorophenyl)-N'-[4-(trifluoromethyl)
- pyridin-2-yI]urea 4-bromo-2,6-difluoroaniline
(0.300g, 1.44mmol) was weighed into a vial, THF (3mL)
was added. Intermediate H (407 mg, 1.44mmol) was added
as a solid, followed by TEA (0.437g,4.37 mmol). The
vial was capped and the reaction was heated at 60 0C
overnight. Product was precipitated by the addition of
hexanes. The solids were rinsed with 2:1 hexanes/ether
to yield clean product (66%). 1H-NMR (DMSO-J ) d 10.0
(s, IH), 9.27 (s,lH), 8.51 (d, J = 5.4 Hz, IH), 7.91
(s, IH), 7.55 (m, 2H) 7.37 (m, IH), MS [M+H]+ = 396.0,
LCMS RT = 3.62 min. Step 2; Preparation of the title
compound The title compound was prepared using step 2
of the procedure to make Intermediate Q by
substituting
N-(4-bromo-2,6-difluorophenyl)-N'-[4-(trifluoromethyl)
pyridin-2-yl]urea for the bromide. Material was used
crude thus no isolated yield was recorded. 1H-NMR
(DMSO-d6) d 9.99 ((s, IH), 9.39 (s, IH), 8.54 (m,lH),
7.94 (s,lH), 7.44-7.11 (m, 3H), 1.29 (s, 12H); MS
[M+H]+ = 444.1, LCMS RT = 4.01 min. Intermediate T:
Preparation of
N-[2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-
dioxaborolan-2-yl)phenyI]-N'-[4-(trifluoromethyI)pyrid
in-2-yI]urea Step 1: Preparation of
2,5-difIuoro-4-(4,4,5,5-tetramethyI-l,3,2-dioxaborolan
-2- yl)aniline
2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan
-2-yl)aniline was prepared following step 1 of the
procedure to make Intermediate S by substituting
4-Bromo 2, 5 difluoroanilinefor the bromide. 1H-NMR
(PMSOd6) d 7.03 (dd, J = 11.7 Hz, 5.4 Hz, IH), 6.38
(dd,10.8 Hz, 3.9 Hz, IH), 5.91 (s 2H) 1.22 (s, 12H);
MS [M+Hf = 256.3, LCMS RT = 3.13 min. Step 2:
Preparation of the title compound.
N-[2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaboro
lan-2-yl)phenyl]-N'-[4-(trifluoromethyl)
pyridin-2-yl]urea was prepared using step 1 of the
procedure to make Intermediate S by replacing the
aniline with
2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan
-2- yl)aniline. . 1H-NMR (DMSO-40 d; 10.25 (s, IH),
8.55 (m, IH), 8.15-7.97 (m, 2H) 7.47- 7.23 (m, 3H),
1.27 (s, 12H); MS [M+H]+ = 444.1, LCMS RT 4.01 min.
Intermediate U: Preparation of
N-[3-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaboroIan-
2-yl)phenyl]-N'-[4-(trifluoromethyl)pyridin-2-yI]urea
Step 1: Preparation of
3-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)aniline
3-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)aniline was prepared following step 1 of the
procedure to make Intermediate R by substituting
4-Bromo 3 fluoroaniline for the bromide. 1H-NMR
(DMSO-^) d 7.24 (t, J = 4.8 IH), 6.31 (dd, / = 8.1,
2.1 Hz, IH), 6.16 (dd, = 12.3Hz, 2.4 Hz, IH) 5.81 (s,
2H), 1.22 (s, 12H); MS [M+H]+ = 238.4, LCMS RT = 3.07
min. Step2; Preparation of title
compoundN-[3-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxa
borolan-2-yl)phenyl]-N'-[4-(trifluoromethyl)
pyridin-2-yl]urea was prepared using step 1 of the
procedure to make Intermediate S by replacing the
aniline with
3-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)aniline 1H-NMR (DMSO-4) d;10.0 (s, IH) 9.80 (s,lH),
8.54 (d, / = 5.4Hz, IH), 8.02 (s, IH), 7.56-7.18 (m,
4H), 1.27 (s,12H); MS [M+H]+ = 426.1, LCMS RT = 4.04
min. Intermediate V: Preparation of
5-bromo-7-(3-morpholin-4-ylpropyl)pyrrolo[2,lf][
l,2,4]triazin-4-amine 1: Preparation of
3-(4-Aminopyrrolo[2,l-f][l,2,4]trazin-7-yI)-prop-2-yn-
l-ol To a degassed solution of
7-bromopyrrolo[2,l-f][l,2,4]triazin-4-ylamine (10.0 g,
46.9 mmol) in anhydrous DMF (78 mL) and triethylamine
(47 mL) was added
tetrakis(triphenylphosphine)palladium(0) (2.17 g, 1.88
mmol, 0.04 eq) and copper (I) bromide dimethylsulfide
complex (0.77 g, 3.75 mmol, 0.08 eq). After degassing
with N2 for 5 min., propargyl alcohol (8.2 mL, 140.8
mmol, 3.0 eq) was added, and the reaction mixture was
stirred at 900C for 6h. The reaction was quenched with
5% aq. NH3 in saturated aq. NH4Cl. The aqeuous layer
was washed with EtOAc (Ix) followed by 25% iPrOH in
DCM (3x). The combined organic layers were dried over
MgSO4, filtered through a pad of celite, and
concentrated at reduced pressure. The crude product
was purified by MPLC eluted with5% EtOH/DCM.
Trituration from EtOAc afforded 4.75 g (53.8%) of the
desired product as a yellow solid. 1H-NMR (DMSO-^ 6)
7.89 (s, IH), 7.88 (broad s, 2H), 6.85 (dd, 2H), 5.39
(t, IH), 4.36 (d, 2H); MS LC-MS [M+H]+ = 189, RT 1.08
min. Sjg_2j_Preparation of
3-(4-Aminopyrrolo[2,l-f][l,2,4]triazm-7-yl)-propan-l-o
l Palladium on carbon (474 mg, 10% by wt.) was placed
under an inert atmosphere and suspended in EtOH (15
mL). A solution of
3-(4-aminopyrrolo[2,l-f][l,2,4]trazin-7-yl)-
pror-2-yn-l-ol (4.74 g, 25.2 mmol) dissolved in 2:1
v/v EtOH/THF was added. The reaction mixture was
placed under H atmosphere (1 Arm pressure) and stirred
overnight. The resulting mixture was filtered through
a pad of Celite(r) and the solvent was concentrated
under reduced pressure. Trituration from EtOAc/hexane
afforded 4.64 g (95.8%) of the desired product as an
off-white solid. 1H-NMR (DMSO-c/6) d 7.77 (s, IH),
7.54 (broad s, 2H), 6.78 (d, IH), 6.39 (d, IH), 4.50
(t, IH), 3.43 (q, 2H), 2.84 (t, 2H), 1.74 to 1.82 (m,
2H); MS LC-MS [M+H]+ = 193, RT = 1.06 min. Step 3:
Preparation of
3-(4-Amino-5-bromopyrrolo[2,l-f][l,2,4]triazin-7-yl)-p
ro ran-l-ol To a solution of
3-(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)-propan-l-
ol ( 5.40 g, 28.09 mmol) in anhydrous DMF (56 mL) was
added l,3-dibromo-5,5-dimethylhydantoin (3.96 g, 13.9
mmol, 0.50 eq) proportionwise at -5O0C. The reaction
mixture was warmed to O0C and stirred at O0C for 2h.
The reaction mixture was quenched with water and
poured intoEtOAc. The organic layer was washed with
water and brine, dried over Na2SO4, filtered, and
concentrated at reduced pressure. Crystallization from
DCM afforded 6.54 g (85.9%) of the desired product as
a beige solid. 1H-NMR (DMSO-J 6) d 7.83 (s, IH), 6.61
(s, IH), 4.52 (broad s, IH), 3.41 (t, 2H), 2.83 (t,
2H), 1.75 to 1.77 (m, 2H); MS LC-MS [M+H]+ = 271/273,
RT = 1.40 min. Step 4 : Preparation of
5-bromo-7-(3-bromopropyl)pyrrolo[2J-f1l
l,2,41triazin-4-amine To a solution of
3-(4-Amino-5-bromopyrrolo[2,l-f][l,2,4]triazin-7-yl)-p
ropan-l-ol (1.20 g, 4.43 mmol) in anhydrous THF (22
mL) at 00C was added carbon tetrabromide (1.62 g, 4.87
mrnol, 1.1 eq) and triphenylphosphine (1.16 g, 4.43
mmol, 1.0 eq). After 5 minutes the ice bath was
removed and the reaction mixture was stirred at RT for
1 hour. Then another 0.1 equivalents of both carbon
tetrabromide (0.15 g, 0.44 mmol) and
triphenylphosphine (0.12 g, 0.44 mmol) were added. The
reaction was stirred another hour at ambient
temperature before it was filtered to remove some
solid which was rinsed with some THF. The combined
filtrate and rinse were concentrated at reduced
pressure to give a crude product which was purified by
MPLC on 12O g of silica gel eluted with a gradient
from 0 - 100 % EtOAc in hexane to give 950 mg (64.2 %)
of desired product as a white solid after evaporation
of best fractions which eluted from 55 - 65 % EtOAc.
1H-NMR (DMSO-^6) d 7.84 (s, IH), 6.65 (s, IH), 3.54
(t, 2H, J = 6.4), 2.94 (t, 2H, J = 6.4), and 2.16 (q,
2H, J = 6.4); MS LC-MS [M+H]+ = 333.3/335.1/337.1, RT
= 2.77 min. Evidence showed in the NMR and the LC-MS
for about 16 % contamination with 5,6-dibromo-7-(3-
bromopropyl)pyrrolo[2,l-f][l,2,4]triazin-4-amine which
came from an analogous contaminant
(3-(4-Amino-5,6-dibromopyrrolo[2,l -f][l ,2,4]triazm-7
yl)-propan- l -ol) in the starting material. Products
that came from this contaminant were removed by
chromatography of the product of step 5 below.Step 5;
Preparation of the title compound A solution of
5-bromo-7-(3-bromopiOpyl)pyrrolo[2,l-f][l,2,4]triazin-
4-amine (931 mg, 2.78 mmol), morpholine (1.214 g,
13.94 mmol, 5.0 eq), triethylamine (1.16 ml, 8.36
mmol, 3.0 eq), and sodium iodide (63 mg, 0.42 mmol,
0.15 eq) in anhydrous DMF (20 mL) was stirred at 55C
for 17h. The reaction mixture was diluted with EtOAc
and washed with saturated aqueous NaHCO3 followed by
saturated brine. It was dried over Na2SO4, filtered,
concentrated at reduced pressure to first remove EtOAc
followed by some DMF with pumping. The crude was
dissolved in THF and then preloaded by evaporation
onto about 5 ml silica gel and then chromatographed on
40 g silica gel using a gradient from 0 - 10 % MeOH in
CH2Cl2 to provide 457 mg (47.9 %) of the desired
product as a white solid along with another 435 mg (46
%) of mixed fractions contaminated with the dibromide
which came from the tribromide contaminant in the
starting material as noted above in step 4. HNMR
(DMSO-4) d 7.86 (s, IH), 6.65 (s, IH), 3.56 (t, 4H, J
= 4.6), 2.84 (t, 2H), 2.25 - 2.35 (m, 6H), and 1.80
(pent, 2H, J = 7.4); MS LC-MS [M+H]+ = 340.2/342.2, RT
= 1.09 min. Intermediate W: Preparation of
l-(4-amino-5-bromopyrrolo[2,l-f][l,2,4]triazin-7-
yl)ethanone Step 1: Preparation of
l-(4-aminopyrrolo[2,l~f][l,2,4]ti
azin-7-yl)ethanoneTo a suspension of
pyrrolo[2,l-f][l,2,4]triazin~4-amine (1.00 g, 7.46
mmol) in nitrobenzene (40 niL) was added AlCl3 (2.98
g, 22.36 mmol), followed by acetyl chloride (2.34 g,
29.82 mmol). The resulting solution was heated (60 0C)
for 5 h and cooled to rt. The reaction mixture was
poured onto ice-water and solid sodium bicarbonate was
added with stirring until the solution was basic. This
mixture was extracted with ethyl acetate (3 x 100 mL)
and then the combined organic layers were concentrated
under reduced pressure. The residue was stirred with
MeOH (100 mL) and potassium carbonate (5 g) overnight.
The solid was removed by filtration and the filtrate
was concentrated under reduced pressure. The residue
was purified by HPLC using a gradient of 5 - 30% MeCN
in water to afforded 448.0 mg (34%) of the title
compound. 1H-NMR (DMSO-^6) d 9.63 (bs, 1 H), 8.47 (bs,
1 H), 8.03 (s, 1 H), 7.76 (d, J = 3.2 Hz, 1 H), 7.40
(d, J = 2.9 Hz, 1 H), 2.57 (s, 3 H); MS [M+H]+ =
177.1; LCMS RT = 1.37 min. Step 2: Preparation of
title compound To a cooled (O0C) solution of
l-(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)ethanone
(262.0 mg, 1.49 mmol) in DMF (21 mL) was added
l,3-dibromo-5,5-dimethylhydantoin (212.6 mg, 0.74
mmol). The mixture was stirred for 80 min and then
quenched by addition of saturated aqueous sodium
sulphite (10 mL) and water (60 mL). The mixture was
allowed to warm to rt and the precipitate was
collected by filtration. The solid was air-dried to
yield 360.0 mg (95%) of the title compound. 1H-NMR
(DMSO-^6) 6 9.49 (bs, 1 H), 8.49 (bs, 1 H), 8.12 (s, 1
H), 7.64 (s, 1 H), 2.56 (s, 3 H); MS [M+Hf = 255.3;
LCMS RT = 1.96 min.Intermediate X: Preparation of
5-(4-aminophenyI)-7-(3-morpholin-4-ylpropyI)-
pyrroIo[2,l-f][l,2,4]triazin-4-amine. The procedure
used for the preparation of Intermediate E, step 4 was
used to prepare the title compound by substituting
Intermediate V (5-bromo-7-(3-morpholin-4-
ylrropyl)pyrrolo[2,l-f][l,2,4]triazin-4-amine) for
Intermediate C. 1H-NMR (MeOHW4) d 7.74(d, J = I Bz,
IH), 7.17(dd, J = 6, 2 Hz, 2H), 6.81(dd, J = 6, 2 Hz,
2H), 3.67(t, J = 5 Hz, 4H), 2.98 to 2.91(m, 2H), 2.48
to 2.39(m, 6H), 1.98 to 1.91(m, 2H); MS [M+H]+ =
353.1; LCMS RT = 1.03 min. Intermediate Y:
5-(4-amino-3-chlorophenyl)-7-(morpholin-4-ylmethyl)pyr
rolo[2,lf][ l,2,4]triazin-4-amine The procedure used
for the preparation of Intermediate F was used to
prepare the title compound by substituting tert-butyl
[2-chloro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-
yl)phenyl]carbamate for Intermediate P. MS [MH-H]+ =
359; LCMS RT =1.30. Intermediate Z;
5-bromo-7-(l,4-oxazepan-4-ylmethyl)pyrroIo[2,l-f][l,2,
4]triazin-4- amineStep 1: Preparation of
7-(l,4-oxazepan-4-ylmethyl)pyrroIo[2
l-f][l,2,4]triazin-4- amine
Pyrrolo[2,l-f][l,2,4]triazin-4-amine (4000mg,
29.8mmol) was dissolved in acetic acid (16OmL). 37% wt
formaldehyde in water is added (2.9OmL, 35.8mmol)
followed by 1,4- oxazepane hydrochloride (4.92g,
35.8mmol) and potassium acetate (5.27g, 53.7 mmol).
The reaction was heated at 6O0C under a nitrogen
atmosphere overnight then cooled to room temperature.
The reaction was concentrated under vacuum. The
residue was partitioned between EtOAc (30OmL) and
saturated aqueous bicarbonate (15OmL). The aqueous
layer is extracted with EtOAc (5X 10OmL). The combined
organics were washed with brine (10OmL) then dried
with Na2SO4 to yield 6.78g (92%) of desired product.
1H-NMR (DMSO-J 6) 6 7.80 (s, IH), 7.63 (bs, 2H), 6.84
(d, J = 4.5 Hz, IH), 6.54 (d, J = 4.5, IH), 3.64 (t, J
= 6 Hz, 2H), 3.55 (m, 2H), 2.63 (m, 4H), 1.76 (m, 2H);
MS [M+H]+ = 248.1 ;LCMS RT = 1.02. Step 2: Preparation
of the title compound
7-(l,4-oxazepan-4-ylmethyl)pyrrolo[2,l-fJ[l,2,4]triazi
n-4-amine (1.9Og, 7.68mmol) was suspended in
chloroform (76mL). The solution was cooled to -20 to
-3O0C. 1,3-dibromo-
5,5-dimethylimidazolidine-2,4-dione ( 989g, 3.46 mmol)
was added. The reaction was maintained at -2O0C for 20
minutes then warmed to room temperature. An LC taken
at that time showed the reaction to be essentially
complete. The reaction was then quenched by the
addition of saturated aqueous sodium sulfite. The
resultant slurry was partitioned betweenethyl acetate
(30OmL) and saturated bicarbonate (10OmL). The organic
layer was washed (3X 10OmL) with bicarb then dried
with Na SO4 and concentrated under vacuum. The residue
was triturated with ether to yield 2.09g (83%) desired
product. 1H-NMR (DMSO-J 6) 7.85 (s, IH), 7.60 (bs,
2H), 6.72 (s, IH), 3.91 (s, 2H), 3.64 (m, 2H), 2.63
(m, 4H), 1.78 (m, 2H); MS [MH-H]+ = 325.8 ; LCMS RT =
1.07 Intermediate AA;
l-[2-fluoro-5-methyl-4-(4,4,5,5-tetramethyI-l,3,2-diox
aboroIan-2-
yl)phenyl]-3-[2-fluoro-5-(trifluoromethyl)phenyl]urea
Step 1: 4-bromo-2-fluoro-5-methylaniIine To a slurry
of 2-fluoro-5-metylaniline (6.75 g, 54 mmol) and CaCO3
(10 g, 100 mmol) in CH2Cl2 ( 1 L) and MeOH (400 mL)
was added a solution of Benzyltrimethylammonium
tribromide (22.3 g, 57 mmol) in CH2Cl2 (180 mL) and
MeOH (70 mL). The solution was added dropwise and the
mixture was stirred over night. The solution was a
light orange/tan color. The mixture was filtered and
the solvent was removed under reduced pressure. The
resulting slurry was diluted with H2O (100 mL) and
extracted with Et2O (3 x 200 mL). The mixture was
purified by flash column chromatography (Hex:Et 2O 2:1
to Et2O) to provide (9g, 69.5 % yield) the product as
a white solid. 1H-NMR (DMSO-J ) d 7.23 (d, J = 10.8
Hz, IH), 6.74 (d, J = 10.8 Hz, IH), 5.27 (s, 2H), 2.20
(s, 3H). Step 2:
l-(4-bromo-2-fluoro-5-methylphenyl)-3-[2-fluoro-5-(tri
fluoromethyl )pheny ]urea To a solution of
4-bromo-2-fluoro-5-methylaniline (500 mg, 2.45 mmoL)
in THF (3 mL) was added the
2-fluoro-5-(trifluoromethyl)phenyl isocyanate (625 mg,
3.0 mmol). The reaction generated a white solid within
10 min. An additional portion of THF (3 mL) was added
and the mixture dissolved. TLC analysis (1:1 Et2O:Hex)
indicated that the reaction was complete. The product
was purified by flash column chromatography (Hex:Et2O
2:1 to Et2O). 1H-NMR (DMSO-J ) d 9.37 (d, J = 2.8 Hz,
IH), 9.17 (d, J = 2.4 Hz, IH), 8.61 (dd, J = 7.2, 2
Hz, IH), 8.19 (d, J = 8.0 Hz, IH), 7.55 (d, J = 10.8
Hz, IH), 7.49 (dd, J = 10.8, 8.8 Hz, 2H), 7.39 (m,
IH), 2.29 (s, 3H); MS [M+H]+ = 409.3, LCMS RT = 3.91
min. Step 3: Preparation of the title compoundTo a
solution of
l-(4-bromo-2-fluoro-5-methylphenyl)-3-[2-fluoiO-5-(tri
fluoromethyl) phenyl]urea (300 mg, 0.73 mmol),
bis(pinacolato) diboron (225 nig, 0.88 mmol) and KOAc
(216 mg, 2.2 mmol) in Dioxane (10 mL) was added
Pd(drpf)Cl2 (27 mg, 0.04 mmol). The reaction was
capped and the heated to 85 0C and allowed to stir for
12 h. TLC analysis (3:1 Hex:EtOAc) indicated
consumption of starting material. The compound was
purified by flash column chromatography to provide a
white solid. 1H-NMR (DMSO-^) d 9.41 (d, / = 2.8 Hz,
IH), 9.23 (d, / = 2.8 Hz, IH), 8.63 (dd, J = 7.6, 2
Hz, IH), 8.08 (d, J = 7.6 Hz, IH), 7.46 (dd, / = 10, 8
Hz, IH), 7.37 (m, 3H), 7.30 (d, J = 12 Hz, IH), 2.42
(s, 3H), 1.27 (s, 12H); MS [M+H]+ = 457.2, LCMS RT =
4.09 min. Intermediate AB; Preparation of tert-butyl
3-(4-amino-5-bromopyrroIo[2,lf][
l,2,4]triazin-7-yI)pyrrolidine-l-carboxylate Step 1:
Preparation of tert-butyl 3-(4-aminopyrrolo[2,l-f][l
52,4]triazin-7-y )-
2,5-dihydro-lH-pyrrole-l-carboxyIate A 2L, 3-neck RB
flask was fitted with a mechanical stirrer, a nitrogen
inlet, thermocouple and thermocontroller, and a water
cooling bath. In the flask, 7-bromopyrrolo[2,lf][
l,2,4]triazin-4-amine (18.4 g, 86.3 mmol) was
suspended in tetrahydrofuran (250 mL)and treated with
chlorotrimethylsilane (18.8 g, 172 mmol). The mixture
was allowed to stir 16 h at rt. A solution of
isopropylmagnesium chloride in THF (2M, 173 mL, 345
mmol) was added slowly over 20 min taking care that
the internal temperature never rose above 40 0C. After
1.5 h, a sample was quenched in MeOH and analyzed by
RP-HPLC indicated that the metallation was 95%
complete. The water bath was replaced with an
ice-acetone bath and stirring was continued until the
internal temperature fell to -10 0C. tert-Butyl 3-
oxopyrrolidine-1-carboxylate (20 g, 108 mmol) was
added as a solid, and the reaction was allowed to warm
to rt over 30 min. The reaction was again cooled to
-10 0C and cautiously treated with trifluoroacetic
anhydride (45.4 g, 216 mmol), diisopropylethylamine
(33.5 g, 259 mmol) and dimethylaminopyridine (527 mg,
4.3 mmol). The reaction was warmed to rt and allowed
to stir for 30 min, then treated with a 25% solution
of NaOMe in MeOH (46 g, 215 mmol) and stirred for an
additional 15 min. The reaction was partitioned
between EtOAc and IN aq citric acid. After 15 min
stirring the organic layer was separated, washed with
brine and dried with sodium sulfate. After filtering
the solution through a plug of silica, the filtrate
was concentrated in vacuo and the residue triturated
with ethyl ether to provide the desired product as a
bright yellow solid (16.8 g, 65 %). 1H-NMR (DMSO): d
7.72 (dd, IH), 7.61 (dd, IH), 7.23 to 7.36 (m, 3H),
7.15 to 7.20 (m, 2H), 6.96 (dd, IH), 5.60 (s, 2H),
2.58 (s, IH); MS: LC/MS (+esi): m/z=275.1 [MH]+ ;
LC/MS it = 3.51 min. Step 2: Preparation of tert-butyl
3-(4-aminopyrroIo[2,l-f][l,2,4]triazin-7-
yl)pyrrolidine-l-carboxylate A suspension of
platinum(IV) oxide (2.1 g, 9.5 mmol) and tert-bntyl
3-(4-aminopyrrolo[2,lf][
l,2,4]triazin-7-yl)-2,5-dihydro-lH-pyrrole-l-carboxyla
te (11.4 g, 37.8 mmol) in AcOH (150 mL) was stirred
for 16h under a H2 atmosphere. The reaction was purged
with N2 and filtered through Celite(r), washing with
AcOH. After removal of solvent in vacuo, the residue
was dissolved in THF:EtOAc and washed with saturated,
aqueous sodium carbonatesolution. The organic layer
was dried and concentrated in vacuo to provide the
desired product as a dark solid (10.7 g, 93%). MS:
LC/MS (+esi): m/z=304.1 [MH]+ ; LC/MS rt = 2.74 min.
Step 3: Preparation of the title compound A solution
of tert-butyl
3-(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)pyrrolidin
e-lcarboxylate (1.2 g, 3.96 mmol) in DMF (20 mL) was
cooled to -40 0C and treated with 1,3-
dibromo-5,5-dimethylhydantoin (508 mg, 1.78 mmol). The
reaction was allowed to warm slowly to rt over a 2 h
period and was then partitioned between EtOAc and
bicarbonate solution. After concentration, the residue
was triturated with EtOAc to yield the desired product
(1.28 g, 85%). 1H-NMR (DMSO): d 7.86 (s, IH), 6.69 (s,
IH), 3.68 to 3.80 (m, 2H), 3.36 to 3.46 (m, IH), 3.20
to 3.30 (m, 2H), 2.16 to 2.30 (m, IH), 1.98 to 2.08
(m, IH), 1.37 (s, 9H); MS: LC/MS (+esi), m/z= 382.1
[M+H]; LC/MS rt = 3.08 min. Intermediate AC:
Preparation of tert-butyl
4-(4-amino-5-bromopyrrolo[2,lf][
l,2,4]triazin-7-yl)piperidine-l-carboxylate Step I t
Preparation of tert-butyl
4-(4-aminopyrroIo[2,l-f][l,2,4]triazin-7-yI)-3,6-
dihydropyridine-l(2H)-carboxyIateTo a stirred
suspension of Intermediate B (523 mg, 2.46 mmol),
tert-butyl 4-(4 ,4,5,5- tetramethyl-
1,3,2-dioxaborolan-2-yl)-3 ,6-dihydropyridine-
1(2H)-carboxylate (Eastwood, P. R. Tetrahedron Lett.
2000, 41, 3705) (950 mg, 3.07 mmol), and 1,1'-
bis(diphenylphosphino)-ferrocene]dichloro
palladium(II)-complex with dichloromethane (180 mg,
0.25 mmol) in degassed DME (18 niL) was added aqueous
Na2CO3 solution (2 M, 3.7 mL). The reaction was heated
(80 0C) for 17 h and then cooled to rt. The mixture
was partitioned between ethyl acetate (50 mL) and H2O
(50 mL). The layers were separated and the organic
layer was washed with brine (25 mL), dried (Na2SO4),
and concentrated to 



dryness. The crude residue was purified by ISCO(r)
chromatography using a gradient of 50 to 75% ethyl
acetate in hexanes to afford 584 mg (75%) of the
desired product as an offwhite solid, which contained
trace impurities. 1H NMR (300 MHz, DMSO-d6) d 7.85 (s,
1 H), 7.68 (br s, 2 H), 6.97 (br s, 1 H), 6.87 (d, 1
H), 6.66 (d, IH), 4.07-4.00 (m, 2 H), 3.53 (t, 2 H),
2.56-2.50 (m, 2 H), 1.42 (s, 9 H); ES-MS m/z 316.1
[M+H]+, HPLC RT (min) 2.31. Step 2: Preparation of
te/t-butyl
4-(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yI)piperidine
- 1-carboxylate To a dry flask purged with N2 was
added platinum(IV) oxide (127 mg, 0.56 mmol) followed
by tert-butyl
4-(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-yl)-3,6-dihyd
ro ryridine-l(2H)- carboxylate (587 mg, 1.86 mmol) as
a solution in acetic acid (19 mL). The mixture was
stirred under an H2 atmosphere for 16 h. The mixture
was filtered through a pad of Celite(r) rinsing with
acetic acid and ethanol. The solvent was evaporated
under reduced pressure and the residue was dissolved
in ethyl acetate (100 mL). The organic was washed with
saturated aqueous NaHCO3 (2 x 75 mL) and the aqueous
mixture was back extracted with ethyl acetate (3 x 50
mL). The combined organics were washed with brine,
dried (Na2SO )and concentrated to dryness to afford
610 mg (100%) of the desired product as a gray solid.
1H NMR (300 MHz, OMSO-d6) d 7.78 (s, 1 H), 7.57 (br s,
2 H), 6.78 (d, 1 H), 6.42 (d, 1 H), 4.08-3.97 (m, 2H),
3.28-3.18 (m, 1 H), 1.94 (d, 2 H), 1.55-1.42 (m, 2 H),
1.41 (s, 9 H); ESMS m/z 318.1 [M+H]+, HPLC RT (min)
2.21. Step 3; Preparation of the title compound To a
cooled (-20 0C) solution of tert-bntyl
4-(4-aminopyrrolo[2,l-f][l,2,4]triazin-7-
yl)piperidine-l-carboxylate (660 mg, 2.08 mmol) in
tetrahydrofuran (10 mL) was added 1,3-
dibromo-5,5-dimethylhydantoin (297 mg, 1.04 mmol) in 3
portions over 10 min. The mixture was allowed to stir
(-20 C) for 1 h. The reaction was quenched with the
addition saturated aqueous Na2SO3 (10 mL) and was
allowed to warm to rt. The mixture was extracted with
ethyl acetate (3 x 20 mL). The combined organics were
washed with brine (25 mL), dried (Na2SO4) and
evaporated. The crude material was purified by ISCO(r)
chromatography using a gradient of 75 to 100% ethyl
acetate in hexanes to afford 494 mg (60%) of the
desired product. 1H NMR (300 MHz, DMSO-J ) d 7.83 (s,
1 H), 6.64 (s, 1 H), 4.10-3.96 (m, 2H), 3.29-3.19 (m,
1 H), 1.90 (d, 2 H), 1.55-1.42 (m, 2 H), 1.41 (s, 9
H); ESMS m/z 396.1 [M+H]+, HPLC RT (min) 2.79. The
following boronates can be prepared in the same manner
as Intermediate O by substituting the appropriate
bromide for N-(4-bromo-2-fluorophenyl)-N'-[2-fluoro-5-
(trifluoromethyl) phenyl]urea. Alternatively, they can
be prepared in the same manner as Intermediate M, by
substituting the appropriate aniline for
4-(4,4,5,5,-tetramethyl-l,3,2-
dioxaborolan-2-yl)aniline and the appropriate
isocyanate for 2-fiuoro-5-trifluoromethyl
phenylisocyante. Alternatively, they can be prepared
in the same manner as Intermediate T, by substituting
the appropriate aniline for
2,5-difluoro-4-(4,4,5,5,-tetramethyl- 1,3,2-
dioxaborolan-2-yl)aniline and the appropriate
carbamate for phenyl [4-
(trifluoromethyl)pyridin-2-yl]carbamate.BICYCLIC
COMPOUNDS WITH KINASE INHIBITORY ACTIVITY (Attorney
Docket No. MPI2005-021P1RNWOM) RELATEDAPPLICATIONS
[001] This application claims priority from U-S.
Provisional Patent Application No. 60/748,369, filed
on December 8, 2005, which is hereby incorporated by
reference in its entirety. BACKGROUND OF THE INVENTION
Field of the Invention [002] The present invention
relates to protein kinase inhibitors, particularly
inhibitors of Raf-kinase. The invention also provides
pharmaceutical compositions comprising the compounds
of the invention and methods of using the compositions
in the treatment of various diseases. Background of
the Invention [003] Protein kinases constitute a large
family of structurally related enzymes that effect the
transfer of a phosphate group from a nucleoside
triphosphate to a Ser, Thr or Tyr residue on a protein
acceptor. A vast array of cellular functions,
including DNA replication, cell cycle progression,
energy metabolism, and cell growth and
differentiation, are regulated by reversible protein
phosphorylation events mediated by protein kinases.
Additionally, protein kinase activity has been
implicated in a number of disease states, including
cancers. Of the >100 dominant oncogenes known to date,
many encode receptor and cytoplasmic tyrosine kinases
known to be mutated and/or over expressed in human
cancers (Blume-Jensen and Hunter, Nature, 411:355-365
(2001)). Accordingly, protein kinase targets have
attracted substantial drug discovery efforts in recent
years, with several protein kinase inhibitors
achieving regulatory approval (reviewed in Fischer,
Curr. Med. Chem., 11:1563 (2004); Dancey and SausviHe,
Nature Rev. Drug Disc, 2:296 (2003)). [004]
Intracellular signaling pathways activated in response
to growth factor/cytokine Stimulation are known to
control functions such as proliferation,
differentiation and cell death (Chiloeches and Marais,
In Targetsfor Cancer Therapy; Transcription Factors
and Other NuclearProteins, 179-206 (La Thangue and
Bandara, eds., Totowa, Humana Press 2002)). One
example is the Ras-Raf-MEK-ERK pathway which is
controlled by receptor tyrosine kinase activation.
Activation of Ras proteins at the cell membrane leads
to phosphorylation and recruitment of accessory
factors and Kaf which is then activated by
phosphorylation. Activation of Raf leads to downstream
activation of MEK and ERK. ERK has several cytoplasmic
and nuclear substrates, including ELK and Ets-family
transcription factor, which regulates genes involved
in cell growth, survival and migration (Marais et ah,
J. Biol. Chem., 272:4378-4383 (1997); Peyssonnaux and
Eychene, Biol. Cell, 93-53-62 (2001)). As a result,
this pathway is an important mediator of tumor cell
proliferation and angiogenesis. For instance,
overexpression of constitutively active B-Raf can
induce an oncogenic event in untransformed cells
(Wellbrock et ah, Cancer Res., 64:2338-2342 (2004)).
Aberrant activation of the pathway, such as by
activating Ras and/or Raf mutations, is known to be
associated with a malignant phenotype in a variety of
tumor types (Bos, Hematol. Pathol., 2:55-63 (1988);
Downward, Nature Rev. Cancer, 3:11-22 (2003);
Karasarides et ah Oncogene, 23:6292-6298 (2004);
Tuveson, Cancer Cell, 4:95-98 (2003); Bos, Cancer Res,
49:4682-4689 (1989)). Activating mutations in B-Raf
are found in 60-70% of melanomas. Melanoma cells that
carry mutated B-Raf-V599E are transformed, and cell
growth, ERK signaling and cell viability are dependent
on mutant B-Raf function (Karasarides et ah, Oncogene,
23:6292-6298. (2004)). [005] There are three Raf
isoforms, A-Raf, B-Raf and C-Raf (Raf-1), all of which
can act as downstream effectors of Ras. Although they
show significant sequence similarities, they also
exhibit distinct roles in. development, in addition to
significant biochemical and functional differences. In
particular, the high basal kinase activity of B-Raf
may explain why mutated forms of only this isoform
have been found in human cancers. Nevertheless, the
isoforms show redundant functions in facilitating
oncogenic Ras-induced activation of the MEK-ERK
signaling cascade (Wellbrock, Cancer Res, 64:2338-2342
(2004)). In addition to Raf signaling via the MEKERK
pathway there is some evidence that C-Raf (and
possibly B-Raf and A-Raf) may signal via alternative
pathways directly involved in cell survival by
interaction with the BH3 family of anti-apoptotic
proteins. (WeDbrock et ah, Nature Rev.: MoI. Cell
Biol. 5:875 (2004)). [006] Inhibitors of the Raf
kinases may be expected to interrupt the Ras-Raf
signaling cascade and thereby provide new methods for
the treatment of proliferative disorders, such as
cancer. There is thus a need for new inhibitors of Raf
kinase activity.DESCRIPTION OF THE INVENTION [007] The
present invention provides compounds that are
effective inhibitors of Rafkinase. These compounds are
useful for inhibiting kinase activity in vitro and in
vivo, and are especially useful for the treatment of
various cell proliferative diseases. [008] Compounds
useful for the methods of the invention are
represented by formula V-A): Xi (J-A) or a
pharmaceutically acceptable salt thereof; wherein: G1
is -C(Re)(Re')-, -C(O)-, -O-, -S-, -S(O)-, -S(O)2- or
-N(Rf)-; G2 is -C(O)-NH-, -C(O)-N(C^3 aliphatic)-,
-NH-C(O)-, or -N(C1 3 aliphatic)-C(O)-, provided that
G is -C(O)-]\JH- or -C(O)-N(C1 3 aliphatic)- if it is
connected to a ring nitrogen atom in Ring A; Ring A is
a bicyclic ring system selected from the group
consisting of:I aC nLdU . , wherein Ring A is
substituted with 0-2 Ra; Ring Bis an optioncilly
substituted monocyclic nitrogen-containing heteroaryl;
or Ring Bhas the formula: Xis CH or N; Q is
-C(R10XR11)-, -N(R913)-, -O, -C(R10)(R11)-C(R10XR11)-
-C(R11)=C(R11)-, -C(R10)(Rn )-N(R9b)-, -N(R9Yc(R
10XR11)-, or -0-C(R 10)(R11)- wherein the oxygen atom
of the group -O-C(R10)(Rn )- is attached to the
carbonyl carbon atom; each R independently is selected
from the group consisting of C1 4 aliphatic, C1-4
fluoroaliphatic, halo, -OH, -0(C 1 4 aliphatic), -NH2,
-NH(C 1 4 aliphatic), and -N(C1 aliphatic).; R is
hydrogen, C1-4 aliphatic, or C ar Cj^alky], the aryl
portion of which may be optionally substituted. R is
hydrogen, :fluoro, C1-4 aliphatic, or C1-4
fluoroaliphatic;R is hydrogen, fluoro, or a C1-4
aliphatic or C1 4 fluoroaliphatic group optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5, -N(R 2,
-CO2R5, or -C(O)N(R4)2; Ring C is a 5- or 6-membered
aryl or heteroaryl ring having 0-3 ring nitrogen atoms
and optionally one additional ring heteroatom selected
from oxygen and sulfur; Ring C is substiixited on its
substitutable ring carbon atoms with 0-2 Rc and 0-2 R
; each Rc independently is halo, -NO2, -CN,
-C(R5)=C(R5)2, -CC-R5, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4)2, -NR4C(O)R5, -N(R4)C(=NR4)-R6,
-NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)R5,
-OC(O)Nf(R4)2, -C(O)R5, -CO2R5, -C(O)N(R4) ,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(O)R5 -C(=NR4)-N(R4)2,
-C(=NR4}-OR5, -C(=NR4)-N(R4)-OR5, -C(R6)=N-OR5, or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl; or two adjacent Rc, taken together with
the intervening ring atoms, form an optionally
substituted fused 5- or 6-membered aromatic or
non-aromatic ring having 0-3 ring heteroatoms
independently selected from the group consisting of O,
N, and S; each R independently is selected from the
group consisting of C aliphatic, C1-4 fluoroaliphatic,
-O(C aliphatic), -O(C1-4 fluoroaliphatic), and halo;
each substitutable ring nitrogen atom in Ring C is
unsubstituted or is substituted with -C(O)R5
-C(O)N(R4)2, -CO2R6, -SO2R6, -SO2N(R4)2, an optionally
substituted C6-10 aryl, or a C1-4 aliphatic optionally
substituted with -F, -OH, -0(C 1-4 aliphatic), -CN,
-N(R4)2, -C(O)(C1-4 aliphatic), -CO2H, -CO2(C1-4
aliphatic), -C(O)NH2, -C(O)NH(C1 4 aliphatic), or an
optionally substituted C 10 aryl ring; one ring
nitroge atom in Ring C optionally is oxidized;Ra is
halo, -NO2 -CN, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4),,, -OC(O)R5, -N(R4)-C(O)R5, -CO2R5,
-C(O)N(R4)2, -N(R4)SO2R6, -N(R4)SO2N(R4)2, or an
optionally substituted C1-4 aliphatic; R is hydrogen,
fluoro, C1 4 aliphatic, C1 fluoroaliphatic, -NH 2,
-NH(C 1 4 aliphatic), -N(C1 4 aliphatic)2, -OH, or
-0(C 1 4 aliphatic); Rc is hydrogen, fluoro, C1-4
aliphatic, C fluoroaliphatic; or Re and Re, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic or
heterocydyl ring; Rf is -H, -C(O)R5 -C(O)N(R4)2,
-CO2R6, -SO2R6, -SO2N(R4)2, or an optionaUy
substituted C1-6 aliphatic; each R4 independently is
hydrogen or an optionaUy substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or two R4 on the
same nitrogen atom, taken together with the nitrogen
atom, form an optionally substituted 4- to 8-membered
heterocyclyl ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms independently selected from
N, O, and S; each R independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; each R6 independently is an
optionally substituted aliphatic, aryl, or heteroaryl
group; and m is Oor 1. [009] Compounds of this
invention include those described generally above, and
are further illustrated by the classes, subclasses,
and species disclosed herein. Terms used herein shall
be accorded the following defined meanings, unless
otherwise indicated. [010] The terms "Raf ' and "Raf
kinase" are used interchangeably, and unless otherwise
specified refer to any member of the Raf family of
kinase enzymes, including without limitation, the
isoforms A-Raf, B-Raf, and C-Raf. These enzymes, and
the corresponding genes, also maybe referred to in the
literature by variants of these terms, e.g., RAF,raf,
BRAF,B-raf. The isoform C-Raf also is referred to by
the terms Raf-1 and C-Raf-1. [Oil] The term
"aliphatic" or "aliphatic group", as used herein,
means a substituted or unsubstituted straight-chain,
branched, or cyclic C112 hydrocarbon, which is
completely saturated or which contains one or more
units of unsaturation, but which is not aromatic. For
example, suitable aliphatic groups include substituted
or unsubstituted linear, branched or cyclic alkyl,
alkenyl, or alkynyl groups and hybrids thereof, such
as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. In various embodiments, the
aliphatic group has 1 to 12, 1 to 8, 1 to 6, 1 to 4,
or 1 to 3 carbons. [012] The terms "alkyl", "alkenyl",
and "alkynyl", used alone or as part of a larger
moiety, refer to a straight or branched chain
aliphatic group having from 1 to 12 carbon atoms. For
purposes of the present invention, the term "alkyl"
will be used when the carbon atom attaching the
aliphatic gxoup to the rest of the molecule is a
saturated carbon atom. However, an alkyl group may
include unsaturation at other carbon atoms. Thus,
alkyl groups include, without limitation, methyl,
ethyl, propyl, allyl, propargyl, butyl, pentyl, and
hexyl. [013] For purposes of the present invention,
the term "alkenyl" will be used when the carbon atom
attaching the aliphatic group to the rest of the
molecule forms part of a carboncarbon double bond.
Alkenyl groups include, without limitation, vinyl,
1-propenyl, 1-butenyl, 1-pentenyl, and 1-hexen.yl.
[014] For purposes of the present invention, the term
"alkynyl" will be used when the carbon atom attaching
the aliphatic group to the rest of the molecule forms
part of a carboncarbon triple bond. Alkynyl groups
include, without limitation, ethynyl, 1-propynyl,
1-butynyl, 1-pentynyl, and 1-hexyrtyl. [015] The term
"cycloaliphatic", used alone or as part of a larger
moiety, refers to a saturated or partially unsaturated
cyclic aliphatic ring system having from 3 to about 14
members, wherein the aliphatic ring system is
optionally substituted. In some embodiments, the
cycloaliphatic is a monocyclic hydrocarbon having 3-8
or 3-6 ring carbon atoms. Nonlimiting examples include
cyclopropyl, cyclobutyl, cyclopentyl, cydopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl,
cyclooctyl, cyclooctenyl, and cyclooctadienyl. In some
embodiments, the cycloaliphatic is a bridged or fused
bicyclic hydrocarbon having 6-12, 6-10, or 6-8 ring
carbon ai:oms, wherein any individual ring in the
bicyclic ring system has 3-8 members. [016] In some
embodiments, two adjacent substituents on the
cycloaliphatic ring, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- to 6- membered aromatic or 3- to 8-membered
non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O N, and S. Thus, the
term "cycloaliphatic" includes aliphatic rings that
are :fused to one or more aryl, heteroaryl, or
heterocyclyl rings. Norimiting examples include
indanyl, 5,6,7,8-tetrahydroquinoxalinyl,
decahydronaphthyl, or tetrahydronaphthyl, wliere the
radical or point of attachment is on the aliphatic
ring. [017] The terms "aryl" and "ar-", used alone or
as part of a larger moiety, e.g., "aralkyl",
"aralkoxy", or "aryloxyalkyl", refer to a C6 to C14
aromatic hydrocarbon, comprising one to three rings,
each of which is optionally substituted. Preferably,
the aryl group is a C6 10 aryl group. Aryl groups
include, without limitation, phenyl, naphfhyl, and
anthracenyl. In some embodiments, two adjacent
substituents on the aryl ring, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- to 6-membered aromatic or 4- to 8- membered
non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O, N, and S. Thus, the
term "aryl", as used herein, includes groups in which
an aryl ring is fused to one or more heteroaryl,
cycloaliphatic, or heterocyclyl rings, where the
radical or point of attachment is on the aromatic
ring. Nonlimiting examples of such fused ring systems
include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinoliny 1, fluorenyl, indanyl,
phenanthridinyl, tetrahydronaphthyl, indolinyl,
phenoxazinyl, benzodioxanyl, and benzodioxolyl. An
aryl group may be mono-, bi-, tri-, or polycyclic,
preferably mono-, bi-, or tricyclic, more preferably
mono- or bicyclic. The term "aryl" may be used
interchangeably with the terms "aryl group", "aryl
moiety", and "aryl ring". [018] 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 oaryl C Jalkyl, C 0 aryl(C
Jalkyl, or C1-40 aryl(C,.3)aIkyl, including, without
limitation, benzyl, pheriethyl, and
naphthylmethyl.[019] 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 four heteroatoms. 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. Thus,
when used in reference to a ring atom of a heteroaryl,
the term "rutrogen" includes an oxidized nitrogen (as
in pyridine N-oxide). Certain nitrogen atoms of 5-m
tribered heteroaryl groups also are substitutable, as
further defined below. Heteroaryl groups include,
without limitation, radicals derived from thiophene,
furan, pyrrole, imidazole, pyrazole, triazole,
tetrazole, oxazole, isoxazole, oxadiazole, thiazole,
isothiazole, thiadiazote, pyridine, pyridazine,
pyrimidine, pyrazine, indolizine, naphthyridine,
pteridine, pyrrolopyricline, imidazopyridine,
oxazolopyridine, thiazolopyridine, triazolopyridine,
pyrrclopyrimidine, purine, and Mazolopyrirnidine. As
used herein, the phrase "radical derived from" means a
monovalent radical produced by removal of a hydrogen
radical from the parenl: heteroaromatic ring system.
The radical (i.e., the point of attachment of the
heteroaryl to the rest of the molecule) may be created
at any substitutable position on any ring of the
parent heteroaryl ring system. [020] In some
embodiments, two adjacent sbstiruents on the
heteroaryl, taken together with the intervening ring
atoms, form an optionally substituted fused 5- to 6-
membered aromatic or 4- to 8-membered non-aromatic
ring having 0-3 ring heteroatoms selected from the
group consisting of O, N, and S. Thus, the terms
"heteroaryl" and "heteroar-", as used herein, also
include groups in which a heteroaromatic ring is fused
to one or more aryl, cycloaliphat c, or heteiocyclyl
rings, where the radical or point of attachment is on
the heteroaromatic ring. Nonlimiting examples include
indolyl, isoindolyl, benzothienyl, benzofuranyl,
dibenzofuranyl, indazolyl, benzimidazolyl,
benzthiazolyl, benzoxazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinoHnyl,
terrahydroisoquinolinyl, and
pyrido[2,3-b]-l,4-oxazin-3(4H)-one. A heteroaryl group
may be mono-, bi-, tri-, or polycyclic, preferably
mono, bi-, or tricyclic, more preferably mono- or
bicyclic. The term "heteroaryl" may be used
interchangeably with the terms "heteroaryl ring", or
"heteroaryl group", any of which terms include rings
that are optionally substituted. Theterm
"heteroaralkyl" refers to an alkyl group substituted
by a heteroaryl, wherein the alkyl and heteroaryl
portions independently are optionally substituted.
[021] As used herein, the terms "aromatic ring" and
"aromatic ring system" refer to an optionally
substituted mono-, bi-, or tricyclic group having 0-6,
preferably 0-4 ring heteroatoms, and having 6, 10, or
14 p electrons shared in a cyclic array. Thus, the
terms "aromatic ring" and "aromatic ring system"
encompass both aryl and heteroaryl groups. [022] As
used herein, the terms "heterocycle", "heterocyclyl",
"heterocyclic radical", and "heterocyclic ring" are
used interchangeably and refer to a stable 3- to
7-membered monocyclic, or to a fused 7- to 10-membered
or bridged 6- to 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 an example, in a heterocyclyl
ring having 1-3 heteroatoms selected from oxygen,
sulfur or nitrogen, the nitrogen may be N (as in
3,4-dihydro-2H-pyrr slyl), NH (as in pyrrolidinyl), or
NR (as in N-substituted pyrrolidinyl). 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,
pyrrolidinyl, pyrrol  donyl, piperidinyl, pyrroKnyl,
tetrahydroquinolrnyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl,
thiazepinyl, morpholinyl, and quinuclidinyl. [023] In
some embodiments, two adjacent substituents on a
heterocyclic ring, taken together with the intervening
ring atoms, form an optionally substituted fused 5- to
6- membered aromatic or 3- to 8-membered non-aromatic
ring having 0-3 ring heteroatoms selected from the
group consisting of O,N, and S. Thus, the terms
"heterocycle", "heterocyclyl", "heterocyclyl ring",
"heterocyclic group", "heterocyclic moiety", and
"heterocyclic radical", are used interchangeably
herein, and include groups in which a heterocyclyl
ring is fused to one or more aryl, heteroaryl, or
cycloaliphatic rings, such as indolinyl, 3H-indolyl,
chromanyl, phenanthridinyl, or tetrahydroquinolinyl,
where the radical or point of attachment is on the
heterocyclyl ring. 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 analkyl group substi
tuted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [024] 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 aryl or heteroaryl
moieties, as herein defined. [025] The terms
"haloaliphatic", "haloalkyl", "haloalkenyl" and
"haloalkoxy" refer to an aliphatic, alkyl, alkeny] 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" iefers to a haloaliphatic
wherein the halogen is fluoro, including
perfluorinated aliphatic groups. Examples of
fluoroaliphatic groups include, without limitation,
fluoromethyl, difluoromethyl, rrifluoromethyl,
2-fluoroethyl, 2,2,2-trifluoroethyl,
1,1,2-trifluoroethyl, 1,2, 2-trifluoroethyl, and
pentafluoroethyl. [026] The term "linker group" or
"linker" means an organic moiety that connects two
parts of a compound. Linkers typically comprise an
atom such as oxygen or sulfur, a unit such as -NH-,
-CH2-, -C(O)-, -C(O)NH-, or a chain of atoms, such as
an alkylene chain. The molecular mass of a linker is
typically in the range of about 14 to 200, preferably
in the range of 14 to 96 with a length of up to about
six atoms. In some embodiments, the linker is a C1 6
alkylene chain. [027] The terra "alkylene" refers to a
bivalent alkyl group. An "alkylene chain" is a
polymethylene group, i.e., -(CH2)n-, 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. A
substituted alkylene chain is a polymethylene group in
which one or more methylene hydrogen atoms is replaced
with a sbstituent. Suitable substituents include those
described below for a substituted aliphatic group. An
alkylene chain also may be substituted at one or more
positions with an aliphatic group or a substituted
aliphatic group. [028] 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 replaced with the
functional group. Examples of suitable "interrupting
functional groups" include -C(R*)=C(R*)-, -C C-, -O-,
-S-, -S(O)-, -S(O)2-, -S(O)2N(R+)-, -N(R*)-, -N(R
)CO-,-N(R+)C(O)N(R+)-, -N(R+)C(=NR+)-N(R+)-,
-N(R+)-C(=NR+)-, -N(R )CO2-, -N(R+)SO -,
-N(R+)SO2N(R+)-, -OC(O)-, -OC(O)O-, -OC(O)N(R+)-,
-C(O)-, -CO2-, -C(O)N(R+)-, -C(O)-C(O)-,
-C(=NR+)-N(R+)-, -C(NRVN-, -C(=NR+)-O-, -C(OR*)=N-,
-C(R)=N-O-, or -N(R+)-N(R+)-. Each R+, independently,
is hydrogen or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl group, or Iwo R+ on
the same nitrogen atom, taken together with the
nitrogen atom, form a 5-8 membered aromatic or
non-aromatic ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms selected from N, O, and S.
Each R* independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group. [029] Examples of C3 alkylene
chains that have been "interrupted" with -O- include -
CH2OCH2-, -CH2O(CH,),-, -CH2O(CH2V, -CH2O(CH2V ,
-(CH2)2OCH2-, -(CFQ2O(CH2V , -(CH2)2O(CH2V , -(CHJ
3O(CH2)-, -(CH2)3O(CH2)2- , and -(CH2)P(CH 2)-. Other
examples of alkylene chains that are- "interrupted"
with functional groups include -CH 2ZCH2-, -CH2Z(CH2V
, -CH2Z(CH2V, -CH2Z(CH2V , -(CHJ 2ZCH2-, -(CHJ 2Z(CH2
, -(CHJ 2Z(CHJ 3-, -(CHJ 3Z(CHJ-, -(CHJ 3Z(CHJ 2- ,
and -(CHJ 4Z(CHJ-, wherein Z is one of the
"interrupting" functional groups listed above. [030]
For purposes of clarity, all bivalent groups described
herein, including, e.g., the alkylene chain linkers
described above and the variables G1, T1, T2, T3, V1,
and V3, 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.
[031] One of ordinary skill in the art will recognize
that when an alkylene chain having an interruption is
attached to a functional group, certain combinations
would not be sufficiently stable for pharmaceutical
use. Similarly, certain combinations of V , T , and R
, and certain combinations of v , TT, and R would not
be sufficiently stable for pharmaceutical use. Only
stable or chemically feasible compounds are within the
scope of the present invention. A stable 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 0C,
preferably -20 0C to about +40 0C, in the absence of
moisture or other chemically reactive conditions, for
at least aweek, or a compound which maintains its
integrity long enough to be useful for therapeutic or
prophylactic administration to a patient. [032] The
term "substituted", as used herein, means that a
hydrogen radical of the designated moiety is 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 can be replaced Tvith the
radical of a suitable substituent. [033] 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. Unless otherwise indicated, an optionally
substituted group may have a substituent at each
subsrirutable position of the group, and the
substituents may be either the same or different.
[034] 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. By way of example, in a compound
of formula (I), if Ring B is substituted with two
substituents -R , each substituent is selected from
the group of defined values for R , and the two values
selected may be the same or different. [035] An aryl
(including the aryl moiety in aralkyl, aralkoxy,
aryloxyalkyl and the like) or heteroaryl (including;
the heteroaryl moiety in heteroaralkyl and
heteroaralkoxy and the like) group may contain one or
more substituents. Examples of suitable substituents
on the unsaturated carbon atom of an aryl or
heteroaryl group include -halo, -NO2, -CN, -R*,
-C(R*)=C(R*)2, -CC-R* .-OR*, -SR, -S(O)R0, -SO2R0,
-SO3R*, -SO2N(R+)2, -N(R+)2, -NR+C(O)R*,
-NR+C(O)N(R+)2, -N(R+)C(=NR+)-N(R+)2, -N(R+)C(=NR+)-R,
-NR+CO2R0, -NR+SO2R0, -NR+SO2N(R+)2, -O-C(O)R*,
-O-CO2R*, -OC(O)N(R+)., -C(O)R*, -CO2R*, -C(O)-C(O)R*,
-C(O)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-OR*, -P(O)(R*)2, -P(O)(OR*)2, -0-P(O)-OR*, and
-P(O)(NR+)-N(R+)2, wherein R is an optionally
substituted aliphatic, aryl, or heteroaryl group, and
R+ and R* are as defined above, or two
adjacentsubstituents, taken together with their
intervening atoms, form a 5-6 membered vinsaturated or
partially unsaturated ring having 0-3 ring atoms
selected from the group consisting of N, O, and S.
[036] An aliphatic group or a non-aromatic
heterocyclic ring may be substituted with one or more
subsutuente. Examples of suitable substituents on the
saturated carbon of an aliphatic group or of a
non-aromatic heterocyclic ring include, without
limitation, those listed above for the unsaturated
carbon of an aryl or heteroaryl group and the
following: =O, =S, =C(R*)2, =N-N(R% =N-OR*,
=N-NHC(O)R*, =N-NHCO 2R, =N-NHSO2R, or =N-R*, where
each R* and R is as defined above. [037] Suitable
.substituents on a substitutable nitrogen atom of a
heteroaryl or nonaromatic heterocyclic ring include
-R*, -N(R% -C(O)R*, -CO2R*, -C(O)-C(O)R*
-C(O)CH2C(O)R*, -SO2R*, -SO2N(R% -C(=S)N(R*)2,
-C(=NH)-N(R*)2, and -NR*SO2R*; wherein each R* is as
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 Noxidopyridyl. [038]
The term "about" is used herein to mean approximately,
in the region of, roughly, or around. When the term
"about" is used in conjunction with a numerical range,
it modifies that range by extending the boundaries
above and below the numerical values set forth. In
general, the term "abou):" is used herein to modify a
numerical value above and below the stated value by a
variance of 10%". [039] As used herein, the term
"comprises" means "includes, but is not limited to."
[040] It will be apparent to one skilled in the art
that certain compounds of this invention may exist in
tautomeric forms, all such tautomeric forms of the
compounds being within the scope of the invention.
Unless otherwise stated, structures depicted herein
are also meant to include all geometric (or
conformational) isomers, i.e., (Z) and (E) double bond
isomers and (Z) and (E) conformational isomers, as
well as all stereochemical forms of the structure;
i.e., the R and S configurations for each asymmetric
center. Therefore, single stereochemical isomers as
well as enantiomeric and diastereomeric mixtures of
the presentcompounds are within the scope of the
invention. When a mixture is enriched in one
stereoisomer relative to another stereoisomer, the
mixture may contain, for example, an enantiomeric
excess of at least 50%, 75%, 90%, 99%, or 99.5%. [041]
Unless otherwise stated, structures depicted herein
are also meant to include compounds which differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structure except for the replacement of a hydrogen
atom by a deuterium oi: tritium, or the replacement of
a carbon atom by a 3C- or C-enriched carbon are within
the scope of the invention. [042] One embodiment of
the invention relates to a subgenus of the compounds
of formula (I-A) characterized by formula (I): or a
pharmaceutically acceptable salt thereof; wherein: G1
is -C(Rd)(Re)-, -C(O)-, -O-, -S-, -S(O)-, -S(O)2-, or
-N(Rf)-; Ring A is a bicyclic ring system selected
from the group consisting of:wherein Ring A is
substituted with. 0-2 Ra; Ring Bis an optionally
substituted monocyclic nitrogen-containing heteroaryl;
Ring Cis a 5- or 6-membered aryl or heteroaryl ring
having 0-3 ring nitrogen atoms and optionally one
additional ring heteroatom selected from oxygen and
sulfur, wherein Ring C is substituted with 0-2 Rc and
0-1 R ; each R independently is selected from the
group consisting of C1-4 aliphatic, C1 4
fluoroaliphatic, halo, -R2c and -T*-R2c; or two
adjacent Rc, taken together with the intervening ring
atoms, form an optionally substituted fused 5- or
6-membered aromatic or non-aromatic ring having 0-3
ring heteroatoms independently selected from the group
consisting of O, N, and S; T2 is a C1-4 alkylene chain
optionally substituted with one or two groups
independently selected from -F,C1-4 aliphatic, and
C1-4 fluoroaliphatic; and each R2c independently is
-CN, -C(R5)=C(R5)2, -CC-R5, -OR5, -SR6, -N(R4)2,
-NR4C(C))R5, -NR4C(O)N(R4),, -NR4CO2R6, -CO2R5, or
-C(O)N(R4 ; each R,8c i.ndepe cidently is selected
from the group consisting of C aliphatic, C1-4
fluoroaliphatic, -0(C 1 alkyl), and halo; Ra is halo,
-NO2, -CM, -OR5, -SR6, -S(O)R6, -SO2R6, -SO2N(R4)2, -N
(R 2, -OC(O)R5, -CO2R5, -C(O)N(R4)2, -N(R4)SO2R6,
-N(R4)SO2N(R4)2, or an optionally substituted C1-4
aliphatic;Rd is hydrogen, fluoro, C1 aliphatic, C
fluoroaliphatic, -NH2 -NH(C1-4 alkyl), -N(C1 ,
alkyl)2, -OH, or -0(C 1 alkyl); Re is hydrogen,
fluc"ro, C1 aliphatic, C1-1 fluoroaliphatic; or R and
Re, taken together with the carbon atom to which they
are attached, form a 3- to 6-membered cycloaliphatic
or heterocyclyl ring; Rf is -H, -C(O)R5, -C(O)N(R4) ,
-CO2R6, -SO2R6, -SO2N(R4) ,; or an optionally
substituted C1 6 aliphatic; each R-.4 i.ndependently
is hydrogen or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl group; or two R4 on
the same nitrogen atom, taken together with the
nitrogen atom, form an optionally substituted 4- to
8-membered heterocyclyl ring having, in addition to
the nitrogen atom, 0-2 ring heteroatoms independently
selected from N, O, and S; each R independently is
hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; and each R
independently is an optionally substituted aliphatic,
aryl, or heteroaryl group. [043] In the compounds of
formulae (I-A) and (I), Ring A is additionally
substituted with 0, 1, or 2 substituents Ra, where Ra
is as defined above. Either or both rings of the
bicyclic Ring A ring system may be substituted with
Ra. In some embodiments, Ra is selected from the group
consisting of halo, C1-4 aliphatic, C1-4
fluoroaliphatic, -NO2, -CN, -CO2H, -0(C 1 alkyl), -0(C
1. fluoroalkyl), -S(C1-4 alkyl), -SO2(C1 4 alkyl),
-NH2, -NH(C1 4 alkyl), -N(C1-4 alkyl)2, -C(O)NH2,
-C(O)NH(C 1-4 alkyl), and -C(O)N(C1-4 alkyl)2. In some
embodiments, Ra is selected from the group consisting
of, -F, -Cl, -NO2, -CH3, -CF3, -OCH3, -SCH3, -SO2CH3,
-CN, -CO2H, -C(O)NH2, -C(O)NHCH 3, and -C(O)N(CH3)2.
In certain embodiments, Ra is -F. In certain
particular embodiments Ring A is unsubstituted or is
substituted with one fluoro substituent. [044] In some
embodiments, the invention relates to a subgenus of
the compounds of formula {I-A) or formula (Z), wherein
Ring A is selected from the group consisting of:and
[045] Anothei embodiment of the invention relates to a
subgenus of the compounds of formula (I-A) or formula
(I), -wherein Ring A is selected from the group
consisting of: [046] Another embodiment of the
invention relates to a subgenus of the compounds of
formula (I-A) or formula (J), wherein Ring A is
selected from the group consisting of:[047] Another
embodiment of the invention relates to a subgenus of
the compounds of formula (I-A) or formula (I), wherein
Ring A is selected from the group consisting of: [048]
In certain such embodiments, Ring A is selected from
the group consisting of other embodiments, Ring A is
selected from the group consisting of [050] Each of
the bicyclic Ring A ring systems depicted above is
additionally substituted with 0-2 substituents Ra,
wherein Ra has the values and preferred values
described above. [051] The linker G is a one-atom
linker selected from the group consisting of
-C(Re')(Re)-, -C(O)-, -O-, -S-, -S(O)-, -S(O)2-, or
-N(Rf)-, where each of Re', Re, and Rf is as defined
above. When G is a carbon linker, Re and Re preferably
are each independently hydrogen, 



fluoro, C1 4 aliphatic, or C1 4 fluoroaliphatic.
Alternatively, Re and Re taken together with the
carbon atom to which they are attached, form a 3- to
6-membered cycloaliphatic or heterocyclyl ring,
preferably a cyclopropyl ring. In some embodiments,
each of Re and Re is hydrogen. When G is a nitrogen
Linker,R preferably is hydrogen, -C(O)R , or an
optionally substituted C1 4 aliphatic. More
preferably, R is hydrogen. Ih certain embodiments, G1
is -O- or -NH-. [052] The linker G-,2 i.s -C(O)-NH-,
-C(O)-N(C1 3 aliphatic)-, -NH-C(O)-, or -N(C1 3
aliphatic)-C(O)- provided that G is -C(O)-NH- or
-C(O)-N(C1-3 aliphatic)- if it isconnected to a ring
nitrogen atom in Ring A. In some embodiments, G is
-C(O)-NH- or -NH-C(O)-. In certain particular
embodiments, G2 is -C(O)-NH-. [053] In one embodiment,
the invention relates to a subgenus of the compounds
of formula (I-A) characterized by formula (H-A) or
(H-B): wherein the variables ~X, Q, R8 , R9b, and m
have the values described below. Rings A and C and the
variable G have trie values and preferred values
described herein for formulae (I) and (I-A). [054] Q
is -C(R10XR11H -N(R9b)-, -O-,
-C(R10)(R11)-C(R10)(R11)-, -C(Rp )=C(Rn )-, -C(R 0)(Rn
)-N(R9b)-, -N(R9Yc(R 10XR11 or -0-C(R 10XR11)-,
wherein the oxygen atom of the group -0-C(R 10)(R11)-
is attached to the carbonyl carbon atom. In some
embodiments, Q is -C(R10XR11)-, -C(R10XR1VC(R10XR11)-,
or -C(Rn )=C(Rn )-. [055] Each R independently is
hydrogen, fluoro, C1 4 aliphatic, or C1 4
fiuoroaliphatic. [056] Each R-.11 i-ndependently is
hydrogen, fluoro, or a C1 4 aliphatic or C1 4
fiuoroaliphatic group optionally substituted with one
or two substituents independently selected from the
group consisting of -OR5, -N(R4).,, -CO2R5, or
-C(O)N(R4). hi some embodiments, each R is hydrogen,
fluoro, C 4 aliphatic, or C1 4 fiuoroaliphatic. [057]
Each R independently is selected from the group
consisting of C1 aliphatic, C1 4 fiuoroaliphatic,
halo, -OH, -0(C 1-4 aliphatic), -NH2, -NH(C 1-4
aliphatic), and -N(C1 4 aliphatic) 2. [058] R9 is
hydrogen, C1 4 aliphatic, or C1-4Oar(C )alkyl, the
aryl portion of which may be optionally substituted.
In some embodiments, R is hydrogen. [059] The variable
m is 0 or 1.[060] In some other embodiments, Ring B in
formula (T-A) or formula (I) is an optionally
substituted monocyclic nitrogen-containing heteroaryl.
In such embodiments, each substitutable ring carbon
atom is unsubstituted or substituted; each
substitutable ring nitrogen atom in Ring B is
unsubstituted or substituted, preferably with -C(O)R5,
-C(O)N(R*)2, -CO2R6, -SO2R6, -SO2N(R4)2, C1 4
aliphatic, an optionally substituted C6 10 aryl, or a
C6-10 ar(C1-4)alkyl, the aryl portion of which is;
optionally substituted; and one ring nitrogen atom in
Ring B optionally is oxidized. In some embodiments,
the substitutable ring nitrogen atoms in Ring B all
are unsubstituted, and one ring nitrogen atom
optionally is oxidized. [061] In some embodiments,
Ring Bis selected from the group consisting of
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyL
pyrazinyl, and triazinyl. Any such ring system
optionally is substituted on any substitutable ring
carbon and on any substitutable ring nitrogen atom,
and one ring nitrogen atom optionally is oxidized. In
some embodiments, Ring B is an optionally substituted
pyrimidinyl, pyridyl, or N-oxidopyridyl. In some
preferred embodiments, Ring B is an optionally
substituted pyridyl or N-oxidopyridyl. In certain
preferred embodiments, Ring B is an optionally
substituted 4-pyridyl or N-oxido-4-pyridyl. [062]
Substitutable ring carbon atoms in Ring B preferably
are substituted with 0-2 R and 0-2 R8b. Each R8
independently is selected from the group consisting of
C1-4 aliphatic, C1 fluoroaliphatic, halo, -OH, -0(C
1-1 aliphatic), -NH2, -NH(C1-4 aliphatic), and -N(C1 4
aliphatic) 2. Each Rb independently is halo, -NO2,
-CN, -C(R5)=C(R5)2 -CC-R5, -OR5, -SR , -S(O)R6,
-SO2R6, -SO2N(R4)2, -N(R4)2, -NR4C(O)R5,
-NR4C(O)N(R4)2, -N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6
-NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R4),, -O-C(O)R5,
-OC(O)N(R4) , -C(O)R5, -CO2R5, -C(O)N(R4) ,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-":(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5, -C(R J=N-OR or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl. [063] In some embodiments, each R
independently is selected from the group consisting of
C1 6 aliphatic, C1 6 fluoroaliphatic, halo, -Rlb -R2b,
-T1-Rlb, -T -R2b, -T R and -V1-T1-R2b. The variabl.es
t \ V1, Rlb, and R2b have the values described
below.[064] T1 is a C 6 alkylene chain optionally
substituted with R or R , wherein the alkylene chain
optionally is interrupted by -C(R5)=C(R5)-, -CsC-,
-O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)-, -N(R4)-,
-N(R4)C(O)-, -NR4C(O)N(R4)-, -N(R4)C(=NR4)-N(R4)-,
-N(R4)-C(=NR4)-, -N(R4)CO2-, -N(R4)SO2-,.
-N(R4)SO2N(R4)-, -OC(O)-, -OC(O)N(R4)-, -C(O)-, -CO2-,
-C(O)N(R4)-, -C(=NR4)-N(R*h -C(NR4)=N(R4)-,
-C(=NR4)-O-, or -C(R6)=N-O-, and wherein T1 or a
portion thereof optionally forms part of a 3-7
membered ring. In some embodiments, T is a C1 4
alkylene chain optionally substituted with one or two
substituents independently selected from the group
consisting of C1 aliphatic, C1 3 fluoroaliphatic, -F,
-OH, -O(C1-4 alkyl), -CO2H, -CO2(C1 4 alkyl), -C(O)NH
2, and -C(O)NH(C 1-4 alkyl), wherein the alkylene
chain optionally is interrupted with -N(R4V,
-C(=NR4)-N(R4)-, -C(NR4)=N(R4)-, -N(R4)-Q=NR 4)-
-N(R4)-QO)-, or -C(O)N(R4)-. some particular
embodiments, T1 is a C1 or C 4 alkylene chain
optionally substituted with -F, C1-.. alkyl, or C1 3
fruoroalkyl, wherein the alkylene chain optionally is
interrupted by -N(R4)-, -C(O)-N(R4)-, -Q=NR 4)-N(R4)-,
-C(NR4)=N(R4)-, -N(R4)-C(O)-, or -N(R4)-C(=NR4)-. In
certain particular embodiments, T1 is a C1 alkylene
chain optionally substituted with -F, C1.., alkyl, or
C13 fluoroalkyl. [065] V1 is -QR 5)=C(R5)-, -CsC-,
-O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)-, -N(R4)-,
-N(R4)C(O)-, -NR4C(O)]ST(R4)-, -N(R4)Q=NR 4)-N(R4)-,
-N(R4)Q=NR 4)-, -N(R4)CO2-, -N(R4)SO2-,
-N(R4)SO2N(R4)-, -OC(O)-, -OC(O)N(R4)-, -C(O)-, -CO2-,
-C(O)N(R4)-, -C(O)N(R4)-O-, -C(O)N(R4)C(=NR4)-N(R4)-,
-N(R4)C(=NR4)-N(R4)-C(O)-, -C(=NR4)-N(R4)-,
-C(NR4)=N(R )-, -C(=NR4)-O-, or -C(R6)=N-O-. In some
embodiments, V1 is -C(R5)=C(R5)-, -C C-, -O-, -N(R4)-,
-N(R4)C(O)-, -C(O)N(R )-, -Q=NR 4)-N(R4)-,
-C(NR4)=N(R4)-, or -N(R4)-Q=NR 4)-. In certain
preferred embodiment!?, V1 is -N(R4)-, -N(R4)-C(O)-,
-C(O)N(R4)-, -Q=NR 4)N(R4)-, or -N(R4)-Q=NR 4)-. In
certain particular embodiments, V1 is -N(R4 )-,
-N(R4x)-C(O)-, -C(O)N(R4")-, -C(=NR4x)N(R4x)-, or
-N(R4x)-Q=NR 4")-, where R4 is hydrogen, C1-4
aliphatic, C1-4 fluoroaliphatic, or C6-10 ar(C
1-4)alkyl, the aryl portion of which may be optionally
substituted. In some embodiments, V1 is -C(O)NH-,
-NH-C(O)-, or -Q=NH)NH-.[066] Each R1 independently is
an optionally substituted aryl, heteroaryl,
heterocyclyl, or cycloaliphatic ring. n some
embodiments, R1 is an optionally substituted C3 6
cycloaliphatic or an optionally substituted phenyl,
azetidinyl, pyrrolyl, imidazolyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl. pyrazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl,
imidazolinyl, pyrazolinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, piperidinyl,
morpholinyl, piperaziayl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or tetrahydropyrimidinyl. In
certain preferred embodiments, Rlb is an optionally
substituted C3 cycloaliphatic or an optionally
substituted pyrrolidinyl, piperidinyl, morpholinyl, or
piperazinyl ring. [067] Each R2t independently is -NO2
-CN, -C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -S(O)R6,
-SO2R6, -SO N(R4)2, -N(R4)2/ -NR4C(O)R5,
-NR4C(O)N(R4)2, -N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-R6, -NR4CO2R6, -N(R4)SO2R6, -N(R4)SO2N(R
2, -O-C(O)R5, -OC(O)N(R4)2, -C(O)R5, -CO2R5,
-C(O)Nf(R4)2, -C(O)N(R^-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C:(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5, or -C(R6)=N-OR5. In
some embodiments, each R2b independently is -NO2, -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4)2, -NR4C(O)R5, -NR4C(O)N(R4)2,
-N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-R6, -NR4CO2R6,
-N(R4)SO2R6, -N(R^SO2N(R4)2, -C(O)R5, -CO2R5,
-C(O)N(R4)2, -C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(O)R5, -C(^NR 4)-N(R4) ,, -C(=
R4)-N(R4)-OR5, or -C(R6)=N-OR5. [068] In some
embodiments, each R independently is -CN, -OR , -N(R
)2, -NR4C(O)R5, -NR4C(O)N(R4)2, -C(O)N(R4)-OR5,
-C(O)N(R4)2, -N(R4)-CO2R5, -N(R4)-Q=NR 4)-R5 or
-C(=NR4)-N(R4)2. In some embodiments, each R2b
independently is -OR5, -N(R4).,, -NR4C(O)R5,
-NR4C(O)N(R4)2, -C(O)N(R4)-OR5, -C(O)N(R4)2,
-N(R4)-CO2R5, -N(R4)-C(=NR4)-R5 or -C(=NR4)-N(R4)2. In
some embodiments, each R2b independently is -N(R4).,,
-NR4C(O)R5, -C(O)N(R4)2, -CO2R5, or -OR5. In some
embodiments, each R2b independently is -CN,
-NR4C(O)R5, -C(O)N(R4)2, or -N(R4)-CO2R5.[069] Each R
a independently is selected from the group consisting
of -F -OH, -0(C 1 4 alkyl), -CN, -N(R4 -C(O)(C1,
alkyl), -CO2H -CO2(C1 alkyl), -C(O)NH2, and
-C(O)NH(C1-4 alkyl). [070] Each R independently is a
C1 aliphatic optionally substituted with R a or R , or
two substituents R on the same carbon atom, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered cycloaliphatic ring.
[071] Each R independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocydyl group; or two R4 on the same nitrogen
atom, taken together with the nitrogen atom, form an
optionally substituted 4- to 8-membered heterocyclyl
ring having, in addition to the nitrogen atom, 0-2
ring heteroatoms selected from N, O, and S. [072] Each
R independently is hydrogen or an optionally
substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group. [073] Each R independently is an
optionally substituted aliphatic, aryl, or heteroaryl
group. [074] Each R-.7 i.ndependently is an optionally
substituted aryl or heteroaryl ring. [075] In some
embodiments, the substitutable ring carbon atoms in
Ring B are substituted with 0-1 R and 0-2 R,8b . More
preferably, the substitutable ring carbon atoms in
Ring B are substituted with 0-1 R and 0-1 R . In such
embodiments, R preferably is selected from the group
consisting of C1 4 aliphatic, C1 4 fluoroaliphatic,
halo, -R , -R , -T -R -T -R , -V -T -R1 , and -V1
-R2"3 where the variables T , V1, R1 and R2 have the
values and preferred values described above for
formulae (I) and (I-A). [076] In a more particular
embodiment, the invention relates to a subgenus of the
compounds of formula (I), characterized by formula
(III): or a pharmaceutically acceptable salt thereof;
wherein: G1 is -O- or -NH-; Xis CH or N; Ring B is
substituted with 0-1 Rb and 0-1 R8b, and one nitrogen
atom in Ring B optionally is oxidized; and Ring A,
Ring C, and the variables G , R and R have the values
and preferred values described above; for formula (T).
[077] In a more particular embodiment, the invention
relates to a compound of formula (JII-A) or (III-J3):
or a pharmaceutically acceptable salt thereof,
wherein: X1and X2 are each independently CH or N,
provided that X1and X2 are not both N; 772 is 0 or 1;
n is 0 or 1; and Rings A and C, and the variables G ,
R , and R have the values and preferred values
described above for formulae (J)-(IIT). [078] In some
auch embodiments, Ring A is selected from the group
consisting of: wherein Ring A is s ubstiruted with 0
1, or 2 substituents Ra. [079] In other such
embodiments, Ring A is selected from the group
consisting of:wherein Ring A is substituted with 0 1,
or 2 substituents Ra. [080] In certain such
embodiments, Ring A is selected from the group
consisting of: wherein Ring A is substituted with 0,
1, or 2 substituents Ra. [081] In some embodiments,
the invention relates to a compound of formula (III-A)
or (IJI-B), or a pharmaceutically acceptable salt
thereof, wherein R is selected from the group
consisting of halo, -CN, -N(R4)2, -CO2R5,
-C(O)-N(R4)2, -C(O)-N(RVOR 5, -N(R4)C(O)R5,
-N(R4)C(O)-OR5, -N(R4)C(O)-N(R4)2, -N(R4)SO2R6,
-C(=NR4)N(R4)2, and -C(=NR4)N(R4)-OR5. In some
embodiments, Rb is -N(R 4)C(O)R5, -C(=NR4)N(R4)2, or
-C(=NR 4)N(R4)-OR5. In some embodiments, Rb is -CN,
-N(R4)C(O)R5, -N(R4)C(0)OR 5, or -C(O)N(R 4)2. [082]
In some embodiments, R is selected from the group
consisting of halo, -CN, -N(R4x)(R4z), -CO2RSx,
-C(O)-N(R4x)(R4z ), -C(O)-N(R4x)-OR5 , -N(R4x)C(O)RSx,
-N(R4x)C(0)-OR5x, -N(R4x)C(O)-N(R4x)(R4x),
-N(R4x)SO2R6 , -C(=NR4x)N(R4x)(R4z), and -C(=NR
)N(R4x)-OR5x. In certain such embodiments, Rb is
selected from the group consisting of halo,-CN,
-NH(R4z), -N(R4x)(R4z), -CO2R5 , -C(O)-NH(R4 ),
-C(O)-N(R4x)(R4z), -C(O)-NH-OR5x, -NHC(O)R5
-NHC(O)-OR5x -NHCXO)-N(R4 (R4 ), -NHSO2R6 , -Q=NH)N(R
4x)(R4z), and -Q=NH)NH-OR 5 . In certain particular
embodiments, Rb is -CN, -NHC(O)R5 , -NHC(O)OR 5x,
-C(=NH)N(Rt )(R ), Or-C(O)N(R 4x)(R4z). [083] In these
embodiments, each R independently is hydrogen, C1-4
aliphatic, C1 4 fluoroaliphatic, orC 10 ar(C1-4)alkyl,
the aryl portion of which may be optionally
substituted, and each R independently is hydrogen, C1
aliphatic, C1-4 fluoroaliphatic, C 0 a C )alkyl, the
aryl portion of which may be optionally substituted,
or an optionally substituted 5- or6-membered aryl,
heteroaryl, or heterocyclyl ring; or R x and R , taken
together with the nitrogen atom to which they are
attached, form an optionally substituted 4- to
8-membered heterocyclyl ring having, in addition to
the nitrogen atom, 0-2 ring heteroatoms independently
selected from N, O, and S. In some embodiments, R x
and R z, taken together with the nitrogen atom to
which they are attached, form an optionally
substituted morpholinyl, piperidinyl, piperazinyl, or
pyrrolidinyl ring. [084] Each R x independently is
C1-4 aliphatic, C1 fluoroaliphatic, CM0 ar(C1-4)alkyl,
the aryl portion of which may be optionally
substituted, or an optionally substituted 5- or
6-membered aryl, heteroaryl, or heterocyclyl ring.
[085] Each R x independently is C1 4 aliphatic, C1 4
fluoroaliphatic, C6 10 ar(C1-4)alkyl, the aryl portion
of which may be optionally substituted, or an
optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring. [086] In some
particular embodiments, Rb is -N(R4x)(R4 ), -C(O)-N(R4
)(R4z), -N(R4 )C(O)R5x or -C(=l\IH)N(R )(R4z). m
certain such embodiments, R4 and R4z, taken together
with the nitrogen atom to which they are attached,
form a morpholinyl, piperidinyl, piperazinyl, or
pyrrolidinyl ring. In certain other embodiments, R is
-N(R4 (R4z) and R4z is hydrogen, C1 aliphatic:, C1-4
fluoroaliphatic, C6-10 ar(C1^)alkyl, the aryl portion
of which may be optionally substituted, or an
optionally substituted pyrazole or imidazole ring. In
certain other embodiments, Rb is -C(O)-NH(C1-4
aliphatic) or -NHC(O)(C1-4 aliphatic). In certain
particular embodiments, Rb is -C(O)NHCH 3,
-C(O)NH(cyclopropyl), -NHC(O)CH3,
-NHC(O)(cyclopropyl). [087] In other embodiments, the
invention relates to a compound of formula (III-A) or
(III-B) or a pharmaceutically acceptable salt thereof,
wherein R is -V -T -R or -V -T -R , where the
variables V1, T1, Rlb, and R have the values described
below. [088] V1 is -N(R4)-, -N(R4)-C(O)-, -N(R4)SO2R6,
-N(R4)C(O)-OR5, -C(O)N(R4)-, -C(=NR4)N(R4)-, or
-N(R4)-C(=NR4)-. In some embodiments, V1 is -N(R4x)-,
-N(R4x)-C(O)-,-C(O)N(R4")-, -C(=NR4 )N(R4x)-, or -N(R
x)-C(=NR4 )- . In some embodiments, V1 is -C(O)-NH-,
-NH-C(O)-, or -Q=NH)NH-. [089] T1is a C1-4 alkylene
chain optionally substituted with -F,C1 3 alkyl, or C1
fluoroalkyl. [090] R,1b i.s an optionally substituted
C3 6 cycloaliphatic or an optionally substituted
phenyl, pyrrolyl, imida: olyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl, pyrazolyl, triazolyl,
tetrazolyl, oxadiazolyl, thiadiazolyl, pyrrolinyl,
imidazolinyl, pyrazolinyl, pyrrolidinyl,
imidazolidinyl, pyrazolidinyl, piperidinyl,
morpholinyl, piperazinyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or tetrahydropyrimidinyl ring.
In some embodiments, R is an optionally substituted C
3 6 cycloaliphatic or an optionally substituted
pyrrolidinyl, piperidinyl, morpholinyl, or piperazinyl
ring. [091] R2b is -N(R4)., -NR4C(O)R5,
-N(R4)C(O)-OR5, -N(R4)C(O)-N(R4)2, -C(O)N(R4)2,
-CO2R5, or -OR5. In some embodiments, R2b is
-N(R4x)(R4 ), -NR4xC(O)R5x, -C(O)N(R4x)(R4 ), -CO2R5x,
or -OR5x . [092] In some particular embodiments, the
invention relates to a compound of formula (HI-A) or
(HI-B) or a pharmaceutically acceptable salt thereof,
wherein R is selected from the group consisting of:
where s is 2 or 3, t in 1, 2, or 3, and v is 0, 1, 2,
or 3.[093] In some other embodiments, the invention
relates to a compound of formula (IU-A) or (IU-B),
wherein Rb is -T R1 or -T R2 . T1is a C1-6 alkylene
chain optionally substituted with -F, C1 3 alkyl, or
C13 fluoroalkyl, wherein the alkylene chain optionally
is interrupted by -N(R4)-, -C(O)-N(R4)-,
-C(=NR4)-N(R4)-, -C(NR4)=N(R4)-, -N(R4)-C(O)-, or
-N(R4)-C(=NR4)-. Rlb is an optionally substituted C 6
cycloaliphatic or an optionally substituted phenyl,
pyrrolyl, imidazolyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxadiazolyl, thiadiazolyl, pyrrolinyl, imidazolinyl,
pyrazolinyl, pyrrolidinyl, imidazolidinyl,
pyrazolidinyl, piperidinyl, morpholinyl, piperazinyl,
pyridyl, pyridazinyl, pyrirnidinyl, pyrazinyl, or
tetrahydropyrimidinyl ring. R is -OR , -N(R )2, -NR
C(O)R , -NR4C(O)N(R4) ,, -C(O)N(RVoR 5, -C(O)N(R4)2,
-N(R4)-CO2R5, -N(R 4)-C(=NR 4)-R5 or -C(=NR4)-N(R4)2.
[094] In some such embodiments, R is selected from the
group consisting of -(CH2)p-R1 , -(CH2 R2 -( 2V R2y
-(CH2) -N(R4x)-(CH2) Rlx, -(CH2)p-N MCH -R2 ,
-(CH2)p-N MCH -R CH -N and -(CH2)
-N(R4x)C(=NR4x)-(CH2) -R2y, wherein h at each
occurrence independently is 1, 2, or 3, and s is 2
or3- R x is an optionally substituted phenyl,
piperidinyl, piperazinyl, morpholinyl, or pyrrolidinyl
ring. R2 i -C(O)N(R4x)(R4z). R2y is -N(R4 (R4z), -NR4
C(O)R4x, -N(R4 )-CO2R5x, -N(R4x)-C(=NR4x)-R5x or
-OR5x. R4x is hydrogen, C1 4 aliphatic, C14
fluoroaliphatic, or C6 10 ar(C )alkyl, the aryl
portion of which may be optionally substituted; R4z is
hydrogen, C1 aliphatic, C1 4 fluoroaliphatic, C 10
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted, or an optionally substituted
5- or 6-membered aryl, heteroaryl, or heterocyclyl
ring; or R4x and R z, taken together with the nitrogen
atom to which they are attached, form an optionally
substituted morpholinyl, piperidinyl, piperazinyl, or
pyrrolidinyl ring. R is hydrogen, C1 4 aliphatic:,
C1-4 fluoroaliphatic, or C6-10 ar(C )alkyl, the aryl
portion of which may be optionally substituted . [095]
Another embodiment of the invention relates to a
compound of formula (IU-A) or (IH-B) wherein R is -R .
In such embodiments, the compound has formula (IV-A)
or (JV-B):or a pharmaceutically acceptable salt
thereof; wherein: X1and X2 are each independently CH
or N, provided that X1 and X2 are not both N; Ring D
is an optionally substituted aryl, heteroaryl,
heterocyclyl, or cycloaliphatic ring; Ring A, Ring C,
and the variables R and G have the values and
preferred values described above for formulae
(I)-(IIJ); and 77 is 0 or 1. [096] In some
embodiments, X1 and X are each CH. [097] Each
substitutable ring nitrogen atom in Ring D preferably
is unsubstituted or is substituted with -C(O)R5,
-C(O)N(R4),, -CO2R6, -SO2R6, -SO2(NR4)2, an optionally
substituted C 0 aryl, or a C1 4 aliphatic optionally
substituted with R a or R ; and one ring nitrogen atom
in Ring D optionally is oxidized. Each R a
independently is selected from the group consisting
of- F, -OH, -0(C 1 4 alkyl), -CN, -N(R4)2, -C(O)(C1
alkyl), -CO2H, -CO2(C1 alkyl), -C(O)NH2, and
-C(O)NH(C1 4 alkyl). Eiich R independently is an
optionally substituted aryl or heteroaryl ring. [098]
In some embodiments, Ring D is an optionally
substituted heteroaryl or heterocyclyl selected from
the group consisting of azetidinyl, pyrrolyl,
imidazolyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxadiazolyl, thiadiazolyl, pyrrolinyl, irrtidazolinyl,
oxazolinyl, pyrazolinyl, pyrrolidinyl, imidazolidinyl,
oxazolidinyl, pyrazolidinyl, piperidinyl, morpholinyl,
piperazinyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, and tetrahydropyrimidinyl. In certain
embodiments, Ring D is an optionally substituted
imidazolyl, oxazolyl, thiazolyl, oxadiazolyl,
fhiadiazolyl, tetrazolyl, imidazoHnyl, oxazolinyl, or
tetrahydropyrimidinyl.[099] Each substitutable
saturated ring carbon atom in Ring D preferably is
unsubstituted or is substituted with =O, =S, =C(R5)2,
=N-OR5, =N-R5, or -Rd. [0100] Each substitutable
unsaturated ring carbon atom in Ring D preferably is
unsubstituted or is substituted with -R . [0101] Each
Rd independently is halo, -NO2 -CN, -C(R5)=C(R5)2, -C
C-R5, -OR5, -SR6, -S(O)R6, -SO2R6, -SO2N(R4).,
-N(R4)2, -NR4C(O)R5 -NR4C(O)N(R4) ,
-N(R4)C(=NR4)-N(R4)2, -N(R4)Q=NR4)-R6, -NR CO2R6,
-N(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2,
-C(O)R5, -CO2R5, -C(O)N(R4)2, -C(O)N(R4)-OR5,
-C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5,
-C(=NR4)-N(R4)2, -C(=NR4)-OR5, -C(=NR4)-N(R4)-OR5,
-C(R6)=N-OR5, or an optionally substituted aliphatic,
aryl, heteroaryl, or heterocyclyl. [0102] In some
embodiments, Ring D is substituted with 0-1 Rd and 0-1
R8d. R is C1-4 aliphatic, C1 fluorcaliphatic, halo,
-OH, -O(C1-4 aliphatic), -NH2, -NH(C1 4 aliphatic), or
-N(C1-4 aliphatic) 2. R is selected from the group
consisting of C1-4 aliphatic, C1-4 fluoroaliphatic,
halo, -Rld, -R2d, -T3-Rld, -T R2 , -V3-! 3 1 , and -V3
-R2 . Trie variables T3, V3, Rld, and R2d have the
values described below. [0103] T3 is a C1 alkylene
chain optionally substituted with one or two
substituents independently selected from the group
consisting of C1-3 aliphatic, C1-3 fluoroaliphatic,
-F, -OH, -0(C 1 alkyl), -CO2H, -CO2(C1 alkyl), -C(O)NH
2, and -C(O)NH(C 1-4 alkyl). In some embodiments, T3
is -(CH2)- or -(CH2)2-. [0104] V3 is -O~, -N(R4)-,
-N(R4)C(O)-, -C(O)N(R4)-, -C(=NR4)-N(R4)-,
-C(NR4)=N(R4)-, or -N(R4)Q=NR4)-. [0105] Each Rld
independently is an optionally substituted aryl,
heteroaryl, heterocyclyl, or cycloaliphatic ring. In
some embodiments, R is an optionally substituted
phenyl, pyridyl, or pyrimidinyl group. [0106] Each R2d
independently is -NO2, -CN, -C(R5)=C(R5)2, -C C-R5
-OR5, -SO2R6, -SO2N(R4) , -N(R4) , -NIL4C(O)R5,
-NR4C(O)N(R4) , -N(R4)C(=NR4)-N(R4)2, -N(R C
=NR4)-R6,-NR4CO2R6, -N(R4)SO2R' , -N(R4)SO2N(R4)2,
-O-C(O)R5, -OC(O)N(R4)2, -C(O)R5, -CO2R5, -C(O)N(R4)2,
-C(O)N(R4)-OR5, -C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C
NR4)-N(R4)-C(O)R5 -C( NR4)-N(R4)2, -Q=NR 4)-OR5,
-C(=NR4)-N(R4)-OR5,or -C(R6)=N-OR 5. In some
embodiments, each. R independently is selected from
the group consisting of -OR , -N(R )2, -NR C(O)R ,
-NR4C(O)N(R4)2, -0-C(C))R5, -CO2R5 -C(O)R5,
-C(O)N(R4)2, -C(O)N(R4)-OR5, and -C(==NR4)-N(R4)2. In
some embodiments, each R2d is selected from the group
consisting of -OR , -N(R4)2, -CO2R5, or -C(O)N(R4)2.
[0107] In some embodiments, Ring D is selected from
the group consisting of: where the variables R9d, Rv,
Rw, Rx Ry, and R have the values and preferred values
described below. [0108] Rv is hydrogen, halo, C1-4
aliphatic, C1-4 fluoroaliphatic, -OR5, -N(R4)2,
-CO2R5, -C(O)N(R4)2, -T3-OR5, -r-N(R 4)2, -T3-CO2R5,
-T3-C(O)N(R4)2, or an optionally substituted 5- or 6-
membered aryl or heteroaryl. In certain embodiments,
Rv is hydrogen, an optionally substituted phenyl,
pyridyl, or pyrimidinyl group, halo, C1-4 aliphatic,
C1-4 fluoroaliphatic, -(CH2)p-OR5x,
-(CH2)p-N(R4x)(R4z), -(CH2)p-CO2R5x, -(CH2)p
-C(O)N(R4x)(R4z ), -(CH2),-N(R4 )-(CH2)q R1x, -(CH2
)q-N(R x)(CH ),-R2x -(CH2)q-N(R4 )-(CH2)S-R2y -(CH2)
-N(R4X)C(=NR4X)-{CH2) -Rl , -(CH2) -N(R x)C(=NR
x)-(CH2) -R2 , or-(CH2) -N(R4x)C(=NR4x)-(CH2)?-R2y. Ia
certain embodiments, Rv is hydrogen, halo, C1-1
aHphatic, C1-4 fluoroaliphatic, or an optionally
substituted phenyl, pyridyl, or pyrimidinyl group.
[0109] Rw is hydrogen, halo, C1-4 aliphatic, C1 4
fluoroalipharic, -OR5, -N(R4)2, -CO2R5, or an
optionally substituted 5- or 6- membered aryl or
heteroaryl. In some embodiments, Rw independently is
hydrogen, halo, C1 4 aHphatic, C1-4 fluoroaliphatic, -
-(CH2)p-CO2R5x, or an optionally substituted phenyl,
pyridyl, or pyrimidinyl group [0110] Each Rx
independently is hydrogen, fluoro, C1 4 aliphatic, C1
fluoroaliphatic, In certain embodiments, each Rx
independently is hydrogen, fluoro, C1 4 aliphatic,
C1-4 fluoroaliphatic, -(CH2) -CO2R *, [0111] Ry is
hydrogen, halo, C1-4 aliphatic, C1 fluoroaliphatic,
-OR5, -N(R4)2, -CO2R5, In certain embodiments, Ry is
oaHphatic, -(CH2)p-N R R4 ), -(CH2)p-OR5x, [0112] Each
Rz independently is hydrogen, fluoro, C1 4 aliphatic,
or C1-4 fluoroaliphatic. [0113] T3 is a C1- alkylene
chain optionally substituted with one or two
substituents independently selected from the group
consisting of C13 aliphatic, C13 fluoroaliphatic, -F,
-OH, -O(C1-4 alkyl), -CO2H, -CO2(C1-4 alkyl),
-C(O)NH2, and -C(O)NH(C 4 alkyl). [0114] R9d is
hydrogen, -C(O)R5, -C(O)N(R^2, -CO2R6, -SO2R6, -SO2(N
4)2, an optionaUy substituted C6-10 aryl, or AC1 4
aliphatic optionally substituted with R3 or R7 Each
R3a independently is selected from the group
consisting of -F, -OH, -0(C 1-4 alkyl), -CN, -N(R 2,
-C(O)(C1-4 alkyl), -CO2H, -CO2(C1-4 alkyl), -C(O)NH2,
and -C(O)NH(C1-1 alkyl). Each R7 independently is an
optionally substituted aryl or heteroaryl ring.[0115]
Each Rlx independently is an optionally substituted
phenyl, piperidinyl, piperazinyl, morpholinyl, or
pyrrolidinyl ring. [0116] Each R2 independently is
-C(O)N(R4x)(R4 ). [0117] Each R2y dependently is
-N(R4x)(R4z), -NR4"C(O)R5x, -N(R4x)-CO2R5 , -N(R4
)-C(=NR4x)-R5x or -OR5x. [0118] Each R4 independently
is hydrogen, C1 4 aliphatic, C fluoroaliphatic, or C6
10 ar(C1_4)alkyl, the ar}i portion of which may be
optionally substituted, and each R independently is
hydrogen, C1 aliphatic, C1-4 fluoroaliphatic, C6-10
arfC^alkyl, the aryl portion of which may be
optionally substituted, or an optionally substituted
5- or 6-membered aryl, heteroaryl, or heterocyclyl
ring; or R4x and R , taken together with the nitrogen
atom to which they are attached, form in optionally
substituted 4- to 8-membered heterocyclyl ring having,
in addition to the nitrogen atom, 0-2 ring heteroatoms
independently selected from , O, and S. [0119] Each R5
independently is C1-4 aliphatic, C1-4 fluoroaliphatic,
C6-10 ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted, or an optionally substituted
5- or 6-membered aryl, heteroaryl, or heterocyclyl
ring. [0120] The variable p is 0, 1, or 2; q, at each
occurrence independently, is 1,2, or 3; r is 1 or 2;
and s is 2 or 3. [0121] In some particular
embodiments, Ring D is selected from the group
consisting of: [0122] In more particular embodiments.
Ring D is selected from the group consisting of:[0123]
In certain particular embodiments, Ring B is selected
from the group consisting of: [0124] In the compounds
of formula (I)-(IV), Ring C is an optionally
substituted 5- or 6- membered aryl or heteroaryl ring
having 0-3 ring nitrogen atoms and optionally one
additional ring heteroatom selected from oxygen and
sulfur. In some embodiments, two adjacent substituents
on Ring C, taken together with the intervening ring
atoms, form an optionally substituted fused 5- or
6-membered aromatic or non-aromatic ring having 0-3
ring heteroatoms selected from the group consisting of
O, N, and S. [0125] In some embodiments, Ring C is an
optionally substituted furanyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, phenyl, pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, or triazinyl, wherein one ring
nitrogen atom in Ring C optionally is oxidized. [0126]
Each subisritutable ring nitrogen atom in Ring C is
unsubstituted or is substituted with -C(O)R5,
-C(O)N(Rl)2, -CO2R6 -SO R6, or a C1 4 aliphatic
optionally substituted with -F, -OH, -0(C 1
aliphatic), -CN, -N(R4)2, -C(O)(C1 4 aliphatic), -CO2H
-CO2(C1 4 aliphatic), -C(O)NH2, -C(O)NH(C 1 1
aliphatic), or an optionally substituted C 0 aryl
ring. One ring nitrogen atom in Ring C optionally is
oxidized. In some embodiments, each substitutable ring
nitrogen atom in Ring C is unsubstituted, and one ring
nitrogen atom optionally is oxidized. [0127]
Substitutable ring carbon atoms in Ring C preferably
are substituted with 0-2 R and 0-2 R . Each R
independently is selected from the group consisting of
C1-4 aliphatic, C1 fluoroaliphatic, -O(CM aliphatic),
-O(C1-4 fluoroaliphatic), and halo. In some
embodiments, R is selected from the group consisting
of C1-4 aliphatic, C1 4 fluoroaliphatic, and halo. In
certain embodiments, R c is selected from the group
consisting of halo, methyl, trifluoromethyl, ethyl,
isopropyl, cyclopiopyl, terf-butyl, methoxy, and
trifluoromethoxy.[0128] Each Rc independently is halo,
-NO2, -CN, - R R5) , -C C-R5, -OR5, -SR6, -S(O)R6,
-SO2R6, -SO2N(R4) -N(R4)2, -NR4C(O)R5, -NR4C(O)N(R4)
,, -N(R4)C(=NR4)-N(R4)2 -N(R4)C(=NR4)-R6, -NR4CO2R6,
-N(R4)SO2R6, -N(R4)SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2,
-C(O)R5, -CO2R5, -C(O)N(R4)2, -C(O)N(R4)-OR5,
-N(R4)C(=NR4)-N(R4)-O(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-N(R4)-OR5, -C(R ;=N-OR , or an optionally
substituted aliphatic, aryl, heteroaxyl, or
heterocyclyl; or two adjacent Rc, taken together with
the intervening ring atoms, form an optionally
substituted fused 5- or 6-membered aromatic or
non-aromatic ring having 0-3 ring heteroatoms
independently selected from the group consisting of O,
N, and S. [0129] In some embodiments, each Rc
independently is selected from the group consisting of
Ca_6 alipha tic, C1 6 fluoroaliphatic, halo, -Rlc,
-R2c, -T -R2 , and -Tz- lc; or two adjacent Rc, taken
together with the intervening ring atoms, form an
optionally substituted fused 5- or 6-membered.
aromatic or non-aromatic ring having 0-3 ring
heteroatoms independently selected from the group
consisting of O, N, and S. . The variables T2, Rlc,
and R2c have the values described below. [0130] T2 is
a C1 6 alkylene chain optionally substituted with R3a
or R3 , wherein the alkylene chain optionally is
interrupted by -C(R5)=C(R5)-, -CC-, -O-, -S-, -S(O)-,
-S(O)2-, -SO2N(R4)-, -N(R4)-, -N(R4)C(O)-,
-NR4C(O)N(R4)-, -N(R4)CO2-, -N(R4)SO2-, -C(O)N(R4)-,
-C(O)-, -CO2-, -OC(O)-, or -OC(O)N(R4)-, and wherein
T2 or a portion thereof optionally forms part of a 3-7
membered ring. In some embodiments, T2 is a C1 4 or C2
alkylene chain optionally substituted with. R a or R .
In some embodiments, T is a C1-4 alkylene chain
optionally substituted with one or two groups
independently selected from -F, C1 aliphatic, and C1 4
fluoroaliphatic. [0131] Each R c independently is an
optionally substituted aryl, heteroaryl, heterocyclyl,
or cycloaliphatic ring. [0132] Each R2 independently
is -NO2, -CN, -C(R5)=C(R5)2, -O C-RS, -OR5, -SR6
-S(O)R6, -SO2R6, -SO2N(R4)2, -NR4C(O)R5,
-NR4C(O)N(R4)2, -N(R 4)C(=NR 4)-N(R
4)2,-N(R4)C(=NR4)-R6, -NR4CO2R6 -N(R4)SO2R6,
-N(R4)SO2N(R4)2, -O-C(O)R5, -OC(O)N(R4)2, -C(O)R5,
-CO2R5, -C(O)N(R4) , -C(O)N(R^-OR5, -C(O)N(R4)C(=NR
)-N(R4)2 -N(R4)C(=NR4)-N(R4)-C(O)R5, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -C MR -N R -OR5, or -C(R6)=N-OR5. In
some embodiments, each R2c independently is -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -N(R4)2, -NR
C(O)R5, -NR4C(O)N(R4)2, -NR4CO2R6, -CO2R5, or
-C(O)N(R4)2. [0133] The variables R a, R , R , R , R ,
and R have the values described above for Ring B.
[0134] In some embodiments, the substitutable ring
carbon atoms in Ring C are substituted with 0-2 Rc nd
0-1 R , where: each Rc preferably :selected from the
group consisting of C aliphatic, C1-4 fluoroaliphatic,
halo, -R c -R c and - i -R ; or two adjacent Rc, taken
together with the intervening ring atoms, form an
optionally substituted fused 5- or 6-membered aromatic
or non-aromatic ring having 0-3 ring heteroatoms
independently selected from the group consisting of O,
N, and S; T2 is a C1 4 alkylene <;hain optionally
substituted with one or two groups independently
selected from -F, C1 4 aliphatic, and C1 4
fluoroaliphatic; each Rlc independently is an
optionally substituted 5- or 6-membered heteroaryl or
4- to 6-membered heterocyclyl ring having 1 to 4 ring
nitrogen atoms and Oto 1 additional ring heteroatoms
selected from O and S; each R2 independently is -CN,
-C(R5)=C(R5)2, -C C-R5, -OR5, -SR6, -N(R4)2,
-NR4C(O)R5, -NR4C(O)N(R4)2, -NR4CO2R6, -CO2R5, and
-C(O)N(R4)2; and each R independently is selected from
the group consisting of C1-4 aliphatic, C1 4
fluoroaliprtatic, -0(C 1 4 aliphatic), -0(C 1 4
fluoroaliphatic), and halo. [0135] In some
embodiments, the substitutable ring carbon atoms in
Ring C are substituted with 0-2 Rc and 0-1 R8 ,
where:each Rcindependenlly is halo, -CN, -CO2R5x, or
-C(O)N(R4 XR ); or Rc is a C1-4 aliphatic or C1-4
fluoroaliphatic optionally substituted with one or two
substituents independently selected from the group
consisting of -OR5", -N(R4x)(R4y) -SR6 , -CO2R5 , or
-C(O)N(R4x)(R4y); or Re is an optionaUy substituted 5-
or 6-membered heteroaryl or 4- to 6-membered
heterocyclyl ring having 1 to 4 ring nitrogen atoms
and Oto 1 additional ring heteroatoms selected from O
and S; or two adjacent Rc, taken together with the
intervening ring atoms, form an optionally substituted
fused 5- or 6-membered aromatic or non-aromatic ring
having 0-3 ring heteroatoms independently selected
from the group consisting of O, N, and S; R4x is
hydrogen, C1 4 aHphatic, C1 4 fluoroaliphatic, or
C6-10 ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted; R4y is hydrogen, C6 0
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted, an optionally substituted 5-
or 6-membered aryl, heteroaryl, or heterocyclyl ring,
or a C1-4 aliphatic or C1 4 fluoroaliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5x, -N(R4x)2,
-CO2R x or -C(O)N(R4 JZ;' or R44xx and R4y, taken
together with the nitrogen atom to which they are
attached, form an optionally substituted 4- to
8-membered heterocyclyl or 5-membered heteroaryl ring
having, in addition to the nitrogen atom, 0-2 ring
heteroatoms independently selected from N, O, and S;
each R5x independently is hydrogen, C1 4 aliphatic,
C1-4 fluoroaliphatic, or C6-10 ar(C1-4)alkyl, the aryl
portion of which may be optionally substituted, or an
optionally substituted 5- or 6-membered aryl,
heteroaryl, or heterocyclyl ring; each R5y
independently is hydrogen, an optionally substituted
monocyclic nitrogencontaining heterocyclyl, an
optionally substituted C 0 aryl, a C Oar(C1-4)alkyl,
the aryl portion of which is optionally substituted,
or a C1 4 aliphatic or C1-4 fluoroaliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5x, -N(R4x)2,
~CO2R5x, or -C(O)N(R4x)2; andeach R6 i.ndependently is
C1-4 aliphatic, C1-4 fluoroaliphatic, or C6 10
ar(C1-4)alkyl, the aryl portion of which may be
optionally substituted. [0136] When two adjacent Rc,
taken together with the intervening ring atoms, form a
fused 5- or 6-membered aromatic or nonaromatic ring,
the fused ring preferably is unsubstituted or is
substituted with 0-1 Rc and 0-1 R . [0137] In some
embodiments, Ring C is a 5- or 6-membered heteroaryl
substituted with 0-2 Rc and 0-1 R . In other
embodiments, Ring C is phenyl substituted with 0-2 Rc
and 0-1 R8 . In still other embodiments, Ring C is
phenyl substituted with 0-1 Rc and 0-1 R [0138] In
certain embodiments, Ring C is selected from the group
consisting of: each Rc independently is halo, -CN,
-C(R5x)=C(R5x)(R5y), -C C-R5y, -OR5y, -SR6x, -N(Rta
)(R*y), -CO2R , -C(O)N R )( 4 ); or Rc is a C1-4
aliphatic or C1-4 fluoroaliphatic optionally
substituted with one or two substituents independently
selected from the group consisting of -OR5x, -N(R
x)(R4y), -SR6x, -CO2R5 , or -C(O)N(R4x)(R4y); or Rc is
an optionally substituted pyrrolidinyl, piperidinyl,
morpholinyl, or piperazinyl ring; or two adjacent Rc,
taken together with the intervening ring atoms, form
an optionally substituted fused 5- or 6-membered
aromatic or non-aromatic ring having 0-3 ring
heteroatoms independently selected from the group
consisting of O, N, and S; R is C1-4 aliphatic, C 1-4
fluoroaliphatic, halo, -CN, -OH, -0(C 1-4 aliphatic),
-S(C1-4 aliphatic), -NH , -NH(C1 aliphatic), or -N(C1
aliphatic),,; R,8c i.s C1-4 aliphatic, C1-4
fluoroaliphatic, -0(C 1-4 aliphatic), -O(C1-4
fluoroaliphatic), or halo; andthe variables R,4x, R4y
_R-,5x, -Rr ,5y, and R,6x -have the values described
above for Ring B. [0139] In some embodiments,. R,8c
i.s selected from the group consisting of methyl,
trifluoromethyl, ethyl, isopropyl, cyclopropyl,
fert-butyl, and methoxy. [0140] In certain particular
embodiments, Ring C is selected from the group
consisting of: C(CH3 3 and C(CH3)3 [0141] In certain
other embodiments, Ring C is selected from the group
consisting of:where R , R y, and R * are as described
above. [0142] In certain other embodiments, Ring C is
selected from the group consisting of:[01431 The
invention also relates to a compound of formula (V-A)
or (V-B): or a pharmaceutically acceptable salt
thereof; wherein: 



G1 is -O- or -NH-; 1 2 1 X and X are each
independently CH or N provided that X and X are not
both N; one ring nitrogen atom in Ring B optionally is
oxidized; m is 0 or 1; n is 0 or 1; ; is 0 or 1; k is
0, 1, or 2; and Ring A and the variables R , R Rc and
R have the values and preferred values described above
for formulae (I)-(IV). [0144] In some such
embodiments, the compound of formula (V-A) or (V-B) is
characterized by formula (VI-A) or (VT-B): or a
pharmaceutically acceptable salt thereof, wherein:
Rings A and D and the variables R R Rc, and R have the
values and preferred values described above for
formulae (I)-(V). [0145] The invention also relates to
a compound of formula (VII-A) or (VII-B)or a
pharmaceutically a<:ceptable salt thereof, wherein: j
is 0 or 1; fc is 0 1, or 2; and Ring A the variables
Ra, Rb, Rc, and R have the values and preferred values
described above for formulae (I)-(Vl). [0146] "The
invention also relates to a compound of formula
(VIII-A) or (VIII-B) or a pharmaceutically acceptable
salt thereof, wherein: / is 0 or 1; A; is 0, 1, or 2;
and Ring A the variables Q R9b Rc, and R8 have the
values and preferred values described above for
formulae (I)-(VII). [0147] Specific examples of
compounds of formula (I) are shown below in Table
1.Table 1. Raf Kinase Inhibitors M 1-2 1-3 1-4 1-5 1-6
1-7 1-81-9 M O 1-11 1-12 1-13 1-14 1-151-17 1-18 1-19
1-20 1-21 1-22 1-23 1-24-25 1-26 -28 1-29 -30 1-31
-3!" 1-331-34 1-35 1-36 1-37 I-3& 1-39 1-40 1-411-42
1-43 1-44 1-45 1-46. 1-47 1-4" 1-491-50 1-51 1-52 1-53
1-54 1-55 1-56 1-571-58 1-59 1-60 1-61 1-62 1-63-64
1-65 -66 1-67 -68 1-691-70 1-71 1-72 1-73 1-74 1-75
1-76 1-771-78 1-79 1-80 1-81 1-82 1-83 I-8'l 1-851-86
1-87 1-88 1-89 1-90 1-91 1-92, 1-93OPTICAL COMPONENT
CLEANLINESS AND DEBRIS MANAGEMENT IN LASER
MICROMACHINING APPLICATIONS Related Application [0001]
This application claims benefit of U.S. Provisional
Patent Application No. 60/742,162, filed December 1,
2005. Copyright Notice [0002] (c) 2006 Electro
Scientific Industries, Inc. A portion of the
disclosure of this patent document contains material
that is subject to copyright protection. The copyright
owner has no objection to the facsimile reproduction
by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark
Office patent file or records, but otherwise reserves
all copyright rights whatsoever. 37 CFR  1.7 1(d).
Technical Field [0003] The present disclosure relates
to laser-based workpiece processing systems and, in
particular, to optical component cleanliness and
debris management in laser micromachining applications
performed in such systems. Background Information
[0004] The state of the art for sealing laser beam
paths in semiconductor processing equipment entails
enclosing the entire optics volume with a cabinet
style enclosure. Some designs incorporate a purging
system using some sort of clean dry air or inert gas.
Beam tubes are also used in other laser applications
outside of micromachining, such as integrated circuit
error correction. Most recent designs of UV optic
rails and beam paths use covers to protect the optical
components. Neither purge gas inside the enclosed
volume nor beam tubes with purge gas have been used in
laser micromachining applications. [0005] It is well
known in the laser industry that UV wavelength laser
light can be very damaging to system optical
components. The photon energy given by E = hv(where h
= Planck's constant and v = optical frequency) for UV
light is sufficient to break and reform bonds in many
common airborne molecular contaminants (AMCs). In this
process known as photopolymerization, polymers are
formed on optical surfaces that intersect the laser
beam. The polymers cloud the lenses and mirrors,
reducing optical transmittance of the system, and
causing beam distortion that degrades performance.
Similar problems may occur in the presence of
particulate contamination. Particulates can become
vaporized, and in turn, polymerized onto optical
surfaces. Additionally, in the presence of high
instantaneous energy pulsed beams, an acoustic "shock"
wave may be formed as a particulate is ablated. This
acoustic Shock wave may damage optical coatings,
substrates, or both, as it propagates into an optical
component. [0006] Currently available pulsed lasers
with nanosecond, picosecond, or femtosecond pulse
widths suffer optical degradation resulting from the
high peak powers incident upon their optical
components. Often, based upon the application, the
laser may deliver excess output energy that must be
attenuated. Currently available attenuators, often
composed of a half-wave plate and polarizer
combination (or a variation of this theme), are
inserted into the path of the laser beam to attenuate
the laser beam by manipulating its polarization state.
Although the technique of using a half-wave plate and
polarizer offers the ability to adjust the level of
attenuation, the attenuator assembly usually must be
placed after several optical components "downstream"
from the laser output. The reason is that the
half-wave plate and polarizers work best when
collimated or nearly collimated light is incident upon
them. In addition, the half-wave plate, in the case of
a sealed laser rail, would not make a very good window
into the sealed portion because waveplates are prone
to contamination, are fragile, and are temperature
sensitive. [0007] A laser rail, forming part of a
laser optical system and sealed from the outside
environment, uses input and output windows of the
optical system to allow the beam to pass into and out
of the sealed portion of the laser rail. Moreover, it
is desirable to decrease the amount of laser light
incident on all optical components because the
intensity of the laser light (in W/cm2, peak W/cm2, or
J/cm2) is proportional to the age of the optics.
Therefore, in an ideal laser system that produces
excessive laser power, the very first component in the
optical systemwould be an attenuator of some type. In
summary, it would be desirable to provide the same
optical element(s) functioning as an input window and
an attenuator. [0008] Laser optical systems include
laser shutters that can be divided into two different
categories. They include modulation, exposure, and
pulse gating shutters and safety interlock and process
control shutters. Safety interlock shutters, which are
of interest here, intermittently block the laser beam
by means of a material that is opaque to the laser
wavelength and is caused to move selectively in and
out of the line of propagation of the laser beam. The
blocked laser beam is reflected into or onto a laser
beam "block" or "dump," which serves to absorb and
attenuate the blocked beam. Shutter actuation devices
include, but are not limited to, electro mechanical
(solenoid), electrical, and magnetic devices. [0009] A
shutter operating as a safety (rather than a
modulation) device opens and closes at a low frequency
of repeated operation (" 1Hz). The open and closed
positions are sensed and fed back to the operating
system. A properly designed laser shutter blocks laser
emission and does not cause it to reflect back into
the lasing cavity. Shutter construction materials
should be free from components that are likely to
contaminate the optical system. Summary of the
Disclosure [0010] Preferred embodiments of a purge gas
port, laser beam attenuating input window, and laser
shutter constitute subsystems of a UV laser optical
system in which the light beam path is completely
enclosed to reduce contamination of the optical system
components. Purge gas is injected through multiple,
e.g., nine, different locations in a beam tube
assembly to make certain that the optical component
surfaces sensitive to contamination are in the flow
path of the purge gas. Clean, dry air is preferred
over an inert purge gas because of the availability of
compressed air in semiconductor device fabrication
facilities and the absence of ozone formation at the
preferred 355 nm operating wavelength. All of the beam
tube assembly components are preferably made from
nickel plated aluminum, stainless steel, brass, and
Teflon(r) materials because of their outgasing
properties. The flow level of the purge gas is
determined by two criteria: (1) maximize gas flow
without generating turbulence in the beam spot on the
work surface, and (2) provide a minimum number of air
volume exchanges each hour. Five air volume exchanges
each hour are chosen as a minimum for the embodiment
described. Porous diffusers are used at the purge gas
injection points to reduce turbulence-inducedbeam
motion. Purge gas flow in a controlled environment
containing the laser beam path allows the laser rail
to last longer than one that is not equipped with
purge gas flow through a beam tube assembly. [0011] An
input window functioning as a fixed level attenuator
is formed of a transparent optical material including,
for example, but not limited to, fused silica with
plano-plano surfaces oriented at 45 degrees with
respect to the incident laser beam for S-polarization.
Since this optical component acts as the input window
assembly into a sealed optical assembly, it is
desirable to have a mounting system that is resistant
to perturbations from mechanical components sealing
the optical system (in this case, the covers) that
would in turn cause potential misalignment of the
laser beam. Preferred mounting hardware is, therefore,
resistant to any stresses caused by the covers as it
accomplishes beam attenuation and damage prevention.
Lastly, since it sees the highest W/cm2, and is
exposed to the external environment, the input window
has the highest probability of damage resulting from
external contaminants polymerizing or burning onto the
outer surface. The input window is, therefore,
slightly offset from the centerline of the laser beam
and is of sufficient size so that, if a burn occurred,
the input window could be rotated to a new "clean"
portion of the optical surface. When the input window
is rotated in response to damage to the external
optical surface, no additional beam steering occurs.
When the covers are installed to seal the optical
assembly, no additional beam steering occurs from the
stresses of the cover fitted on the opto-mechanical
assembly. [0012] A laser shutter composed of pneumatic
cylinder retracts and extends to position a metal
shutter blade out of and into the path of the laser
beam. A magnetic reed switch senses the position of
the cylinder and feeds a position signal back to a
system control computer. In the blocked state, the
shutter blade reflects the laser beam into a feature
of a structural gusset to safely attenuate the beam.
The shutter mechanism is partly covered and shares a
clean air purge source with the bulk of the laser
optical assembly. Three laser shutter design features
include (1) portions of the mechanism exposed to laser
light are made from non-outgasing materials to limit
optical contamination; (2) the pneumatic cylinder
imparts a motive force to the shutter blade that does
not contain materials likely to cause contamination of
the optical components and does not generate heat and
thereby ensures that beam steering resulting from the
heat generation is kept to a minimum; and (3)
featurescontaining and attenuating the
reflected/blocked beam are integral to the assembly
and require no external components. [0013] The shutter
blocks the laser radiation directly after it emanates
from the output window of the laser head. This occurs
automatically upon disruption of the laser
safety-interlock circuits or through manual command of
the system control computer. Waste heat generated by
the shutter actuator and the presence of materials
known to cause optical component contamination are
eliminated through the use of this device. [0014]
Additional objects and advantages relating to this
disclosure will be apparent from the following
detailed description of preferred embodiments thereof
which proceeds with reference to the accompanying
drawings. Brief Description of the Drawings [0015]
Fig. 1 is a plan view of a laser optical system with
its housing cover removed. [0016] Figs. 2A and 2B are
isometric views of opposite sides of the laser optical
system of Fig. 1, showing where a laser head and a
spatial filter, respectively, are located. [0017]
Figs. 3A, 3B, 3C, and 3D are, respectively, side
elevation, plan, side cross-sectional, and plan
cross-sectional views of a mirror mount assembly used
in the laser optical system of Fig. 1. [0018] Fig. 4
is a simplified diagram showing a path of light
propagating through a beam attenuating input window
incorporated in the laser optical system of Fig. 1.
[0019] Figs. 5, 6, and 7 are, respectively,
cross-sectional, rear side elevation, and exploded
views of a preferred implementation of a light beam
attenuating input window set in a window bulkhead of
the laser optical system of Fig. 1. [0020] Fig. 8 is
an isometric view of a laser shutter assembly that is
installed adjacent to an exit window of a laser head
incorporated in the laser optical system of Fig. 1.
[0021] Figs. 9A and 9B are isometric views of a laser
shutter assembly mounted in a structural gusset and
shown with a shutter blade in, respectively, extended
(light blocking) and retracted (light transmitting)
positions. Detailed Description of Preferred
Embodiments [0022] The laser optical system in which
preferred embodiments of the abovesummarized three
subsystems are included is shown in Figs. 1, 2A, and
2B. Fig. 1is a plan view of a laser optical system 10
with its cover removed, and Figs. 2A and 2B are
isometric views of opposite sides of the laser optical
system 10 of Fig. 1, showing where a laser head and a
spatial filter, respectively, are located. Figs. 1,
2A, and 2B show the laser rail assembly without the
outer covers that seal the entire laser optical system
10. All of the beam tube sets 18 are visible in these
three drawing figures and are specifically identified
in Fig. 1. [0023] With reference to Figs. 1, 2A, and
2B, the output beam of a laser head 12 (housed within
a separate cover) propagates along a beam path in the
general shape of an "S" through an exit window 16 of
laser optical system 10. The output beam propagates
through the interior regions of multiple beam tube
sets 18 to and from enclosed optical components
positioned along the laser beam path. The beam tube
set assembly confines the laser beam in an
atmospherically controlled environment within laser
optical system 10. [0024] The output beam of laser
head 12 propagates through a laser shutter 20 to a
light beam attenuating input window 24 and its
associated support member or bulkhead 26. Laser
shutter 20 and beam attenuating input window 24 are
two subsystems described in greater detail below. The
attenuated laser beam propagates through a
pre-expander assembly 30 to a first turn mirror
assembly 34 and a second turn mirror assembly 38. Turn
mirror assemblies 34 and 38 cooperate to reverse the
direction of the laser beam path. The laser beam
reflects off the turn mirror of second turn mirror
assembly 38 and propagates through a first manual
attenuator 42 and an acousto-optic modulator (AOM) 46
to a third turn mirror assembly 50 and a fourth turn
mirror assembly 54. Turn mirror assemblies 50 and 54
cooperate to reverse the laser beam path to its
original propagation direction. The laser beam
reflects off the turn mirror of turn mirror assembly
54 and propagates through a spatial filter 58 (housed
within a separate cover), a second manual attenuator
60, and a variable beam expander assembly 64 to exit
window 16. [0025] Each of turn mirror assemblies 33,
38, 50, and 54; manual attenuators 42 and 60; and the
input and output of beam attenuating input window 24
is equipped with a gas purge port 68 for injecting
purge gas flow through the beam tube assembly. (Laser
head 12 also includes a gas purge port, which is not
shown.) Purge gas injection in a structure integrated
with the enclosed laser beam tube assembly is a
subsystem described in greater detail below.[0026]
Figs. 3A, 3B13C, and 3D are, respectively, side
elevation, plan, side cross-sectional, and plan
cross-sectional views of an optical component or
mirror mount assembly 72 for first turn mirror
assembly 34. (Turn mirror assembly 34 is used by way
of example; mirror mount assembly 72 can be used with
any of the other turn mirror assemblies 38, 50, and
54.) Fig. 3C shows the integrated purge features of
mirror mount assembly 72, in which the placement of a
purge gas inlet port 74 minimizes the ability of a
purge hose 76 to deflect the mirror mount. The laser
beam propagating through the interior of light beam
path directing assembly 18 enters mirror mount
assembly 72 and is incident on an exterior light
beam-receiving or optical surface 78. Purge gas
entering through inlet port 74 makes a 90-degree bend,
and flows through a gas diffuser 80 and upward across
optical surface 78 to prevent accumulation of
contaminants on it. A preferred gas diffuser 80 is a
Model Series 4450K bronze/steel exhaust
muffler/filter, which is manufactured by
McMaster-Carr, Los Angeles, California, and which
operates at 300 psi maximum pressure and exhibits 40
mm filtration. [0027] Purge rates for the laser rail
are preferably determined by increasing the flow rate
for a particular inlet port 74 until the laser beam
becomes unstable, as measured by photodiode position
detectors at the beam spot. When the gas flow deflects
the laser beam, the flow rate is noted and reduced by
20 percent. This flow reduction eliminates any gas
turbulence that caused the beam to become unstable.
[0028] The housings for attenuators 42 and 60 and the
mount for beam attenuating input window 24 are also
configured with the integrated purge features
described and shown for mirror mount assembly 72. Gas
flow into"the attenuators is determined by the degree
of change in laser power reduction. The purge gas flow
removes the humidity in the cavity where the optical
component is contained and thereby changes its
attenuation properties. [0029] The hardware described
above has the benefit of controlling the flow of the
purge gas so that fresh purge gas is constantly
introduced to the beam path and optical surfaces where
it is needed. In a sealed assembly without purge,
residual contaminants would eventually lead to
degradation of the optical surfaces even if at very
low concentrations. By constantly diluting and
removing existing contaminants with a flow of purge
gas, the chance of those contaminants coming into
contact with optical surfaces is greatly reduced. If
the purge gas were introduced into a large sealed
assembly without the benefit of tubes, purge ports, or
both, localized at theoptical surfaces, controlling
flow to individual optical components would be
impossible. Stagnation zones would likely exist that
could give contaminants a chance to accumulate. [0030]
The sealed outer cover (not shown) fitted against a
gasket 82 (Figs. 2A and 2B) affords an added benefit
of a second barrier with predetermined exhaust outlets
for the purge effluent. The sealed outer cover helps
reduce or eliminate the possibility of contaminants
outside of the optical rail from migrating into the
assembly and onto optical surfaces. [0031] Fig. 4 is a
simplified theoretical diagram showing the path of
light propagating through beam attenuating input
window 24. With reference to Fig. 4, S-polarized input
light beam 100 is incident, at a 45 angle, on an
entrance surface 102 of a fused silica window 24. An
S-polarized low intensity light beam 104 reflects off
entrance surface 102 as the remainder of light beam
100 enters and propagates through the interior of
window 24. An S-polarized low intensity light beam 106
reflects off an exit surface 108, propagates back
through the interior of window 24, and exits entrance
surface 102. An S-polarized output light beam 110
refracted and attenuated by window 24 propagates
through exit window 108 along a beam path that differs
from the beam path of input light beam 100. [0032] The
following expressions for Fresnel reflections are used
to calculate light reflection as a function of angle:
P-Polarization: Rp tan2 + ) I- i _ sin 2 (6>. - 6 > )
S-Polapzation: R =- - '-{ 3 sin2 (qt +qt ) where Q,-
is the incident angle and qt is the transmitted angle
in the glass. The angles are found per Snell's Law: n,
sin Q,- = nt sin qt, where n,- is the index of
refraction of air and nt is the index of refraction in
the glass. An example of reflection loss calculations
for fused silica at 1024 nanometers for n = 1.45 is
given on Fig. 4. Beam attenuating input window 24 by
intentional design introduces, therefore, light loss
at a fixed value established in accordance with the
expressions set forth above.[0033] Figs. 5, 6, and 7
are, respectively, cross-sectional, rear side
elevation, and exploded views of an actual
implementation of a light beam attenuating input
window 24 set in a window bulkhead 26 of laser optical
system 10. [0034] With reference to Fig. 5, input
light beam 100 is processed and output light beam 110
is formed as described with reference to Fig. 4. Low
intensity reflected light beams 104 and 106 propagate
to a beam dump 122, which absorbs them. A second beam
attenuating window 24a is positioned in window
bulkhead 26 to receive output light beam 110
propagating through a sealed beam tube 18. Beam
attenuating window 24a is preferably made of the same
optically transparent material as that of beam
attenuating input window 24 and is set at an angle to
provide added attenuation and an output light beam 124
propagating through an exit surface 126 and along the
same beam path as that of input light beam 100. Low
intensity reflected light beams 128 and 130 analogous
to the respective low intensity reflected light beams
104 and 106 propagate to a beam dump 132. Skilled
persons will appreciate that low intensity internal
reflections within attenuating windows 24 and 24a
propagate through exit surfaces 108 and 126 and may be
blocked by an aperture (not shown) positioned to allow
passage of output light beam 124. [0035] With
reference to Figs. 6 and 7 , beam attenuating input
window 24 is set in and releasably coupled to window
bulkhead 26 by a window mounting assembly 140. Window
mounting assembly 140 permits manual rotation of
attenuating input window 24 to move a damaged optical
surface away from the laser beam path. Window mounting
assembly 140 includes an annular holder 142 that is
sized to rest on a support surface in the form of an
annular shoulder 144 of a stepped opening 146 in
window bulkhead 26. [0036] Annular holder 142 includes
a shallow recess 148 terminated by a smooth annular
flange surface 150 against which attenuating input
window 24 rests. Three spring clips 152 fixed by bolts
154 in window bulkhead 26 press against attenuating
input window 24 to secure it in place in annular
holder 142. Annular holder 142 includes around its
periphery multiple angularly spaced apart wrench holes
156. Loosening bolts 154 and placement of a tool in
one of the exposed wrench holes 156 allow a user to
accomplish manual rotation of annular holder 142 along
annular shoulder 144 to present a different optical
surface region to the incident laser beam. [0037]
Thus, this opto-mechanical design achieves with a
single optical assembly an input window that is
positioned in the sealed portion of the optical system
and afixed level of attenuation that is set into the
optical system. The mounting system provides a quick
solution, if a burn were to occur, by rotating the
window about the laser beam so as to reduce end user
down time. [0038] Fig. 8 is an isometric view of a
laser shutter assembly 20, which is installed in laser
optical system 10 adjacent the exit window of laser
head 12 (Fig. 1). Laser shutter assembly 20 includes a
shutter blade 160 formed of an electroless
nickel-plated aluminum cylinder that is mounted to a
free end of a normally extended, nonrotating pneumatic
cylinder 162. Figs. 9A and 9B are isometric views of
laser shutter assembly 20 mounted in a structural
gusset 164 and shown with shutter blade 160 in,
respectively, extended (light blocking) and retracted
positions. Structural gusset 164 is mounted to laser
shutter assembly 20 in position for connection to the
beam tube set 18 that is sealed against the exit
window of laser head 12 (Fig. 1). [0039] In an
unpressurized state, the extended pneumatic cylinder
162 positions shutter blade 160 such that it blocks
the laser beam. The blocked beam reflects off the
angled face 166 of blade 160 and is directed down a
hole 168 drilled in gusset 164 and functioning as a
beam dump. The reflected beam undergoes subsequent
reflections off the curved rough surface of the
interior surface of beam dump 168. The structural
components serve as adequate thermal mass for
absorbing the reflected energy, and the numerous
internal diffuse reflections ensure that there is no
collimated retro-reflection of the blocked beam back
into laser head 12. In a pressurized state, pneumatic
cylinder 162 retracts and thereby removes shutter
blade 160 from the laser beam path. The extended and
retracted positions are sensed with a magnetic reed
switch 170 and fed back to the system control computer
(not shown). [0040] The use of a pneumatic actuator
minimizes waste-heat generation, and the incorporation
of an integral beam dump provides a compact design.
The laser shutter mechanism incorporates no materials
that, when exposed to the laser radiation during
normal use, outgas contaminants detrimental to the
optical components in laser optical system 10. The
laser shutter is operated completely manually during
laser rail assembly and alignment. Easy manual
operation during assembly is a benefit achieved with
this laser shutter design. [0041] It will be obvious
to those having skill in the art that many changes may
be made to the details of the above-described
embodiments without departing from theunderlying
principles of the invention. The scope of the present
invention should, therefore, be determined only by the
following claims.Claims 1. Light beam path directing
assembly including a gas diffuser configured to
prevent accumulation of contaminants on a light
beam-receiving surface of an optical component
included as part of the assembly, comprising: an
optical component mount having an interior region
within which a light beam can propagate along a light
beam path; an optical component having a light
beam-receiving surface positioned within the interior
region to intersect the light beam path so that the
light beam propagating within the interior region is
incident on the light beam-receiving surface; and a
gas diffuser in fluid communication with the optical
component mount to deliver within the interior region
a diffuse stream of gas flowing across the light
beam-receiving surface, the diffuser configured to
distribute the stream of gas at a sufficient flow rate
to prevent accumulation of contaminants on the light
beamreceiving surface while not appreciably disturbing
the stability of the light beam propagating within the
interior region. 2. The assembly of claim 1, in which
the gas diffuser is positioned within the optical
component mount and is in direct fluid communication
within the interior region. 3. The assembly of claim
1, further comprising a gas inlet port in fluid
communication with a gas flow channel formed in the
optical component mount and opening into the interior
region, the gas inlet port being isolated from the
optical component to prevent displacement of the light
beam-receiving surface in response to manipulation of
an external gas delivery conduit providing a supply of
gas to the gas inlet port. 4. The assembly of claim 1,
in which the optical component is of a type that
changes the propagation direction of the light beam
incident on the light beamreceiving surface. 5. The
assembly of claim 4 , in which the optical component
includes a mirror. 6. The assembly of claim 4 , in
which the optical component includes a light beam
attenuator. 7. In a workpiece processing system in
which a light beam propagates along a light beam path
and intersects an optical component positioned within
the processing system, the optical component having a
light-receiving surface with an effective center, and
the light beam having a cross-sectional area that
defines anoptical surface region of intersection with
the light-receiving surface of the optical component,
the improvement comprising: a support member; a holder
releasably coupled to the support member and
configured to hold the optical component, the holder
being positioned and selectively rotatable relative to
the support member so that, when the holder holding
the optical component rotates the light-receiving
surface, the effective center of the light-receiving
surface is outside of the optical surface region for
different angles of rotation about the effective
center; and a securing mechanism operatively securing
the optical component to the support member. 8. The
system of claim 7, in which the support member
includes a support surface, and in which the holder is
of annular shape and is sized to rest on the support
surface, the annular holder including a flange on
which the optical component rests when held by the
holder. 9 . The system of claim 8, in which the
optical component has a periphery, and in which the
annular holder includes around its periphery multiple
angularly spaced apart features to which a tool can be
mated to rotate the annular holder along the support
surface and thereby present a different optical
surface region to an incident light beam propagating
along the light beam path. 10. The system of claim 9,
in which each of the multiple features is a hole into
which the tool can be inserted. 11. The system of
claim 7, in which the optical component has a
periphery, and in which the securing mechanism
includes multiple clips and associated multiple
elongated fasteners spaced apart along the periphery
of the optical component, each of the multiple clips
contacting a portion of the optical component near its
periphery and each of the multiple elongated fasteners
coupling its associated clip to the support member.
12. The system of claim 11, in which the multiple
elongated fasteners include bolts. 13. The system of
claim 7, in which the optical component has a
periphery, and in which the securing mechanism
includes multiple securing devices spaced apart along
the periphery of the optical component, each of the
securing deviceshaving first and second ends of which
the first end contacts a portion of the optical
component near its periphery and the second end
contacts the support member. 14. The system of claim
13, in which each of the multiple securing devices
includes a clip and a fastener. 15. The system of
claim 13, in which the releasable coupling of the
holder to the support member is accomplished by the
securing mechanism. 16. The system of claim 7, in
which the optical component includes an attenuating
window. 17. The system of claim 16, in which the light
receiving surface of the attenuating window is
substantially planar and is set at an angle of
inclination so that the light beam path intersects the
light receiving surface at an oblique angle, the angle
of inclination introducing an amount of attenuation
that is imparted to an incident light beam propagating
along the light beam path. 


