
Substituted 4-Amino-Pyrrolotriazine 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
II 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 IHclinical 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
cytotoxic drugs 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 cellcycle 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 an
understanding 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 drug 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 VEGFisoforms are
reported to be highly specific for vascular
endothelial cells (for reviews, see: Farrara et al.
Endocr. Rev. 1992, 13, 18; Neufield et 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. . Cell Biol, 1995, 129, 895), VEGF receptor- 1
(also known as JfIt-I (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. J. 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. VEGF expression 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,
butnot 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, 35, 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. . Biol. Chem. 2001, 276,
33762-33772; Westermarck, J . et al. Cancer Res. 2000,
60, 7156-7162; Huang, S. et al. / . 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 hit 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
etal, 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 ) 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 tumor
angiogenesis 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. bit 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 via the MAPKTERK 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 (Onget 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 Int,
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
trans-phosphorylation 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, WoundRepair 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 SA., 1993. 90(2), 393-7; Skobe, M. and N.E. Fusenig,
Proc Natl Acad Sci USA, 1998. 95(3), 1050-5), two cell
types that do not express PDGF receptors, presumably
by the direct effect 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; -Landmark,
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 PDGF, but not the receptor. The
autocrinestimulation 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
small molecule 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 antiproliferative 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) R1 wherein 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 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 (Ci-C3)alkyl which may
optionally bear halogen or -(Q-C 3)mono- or
dialkylamino; 1.1.a3) -NR6R7 in which R6 and R7 are
independently H or -(Q-C 3)alkyl which may optionally
bear halogen or OR7a wherein R7a represents H or (C
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 memberselected from O, S, and NR8 wherein R8
represents H or (C1-C3)OIlCyI; and 1.1.a4) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; l.l.b) -(C
3-C6)cycloalkyl which may optionally bear up to 2
substituents independently selected from l.l.bl)
halogen; and 1.1.b2) OR9 wherein R9 represents H or (C
C3)alkyl which may optionally bear halogen or (CrC
3)mono- or di~ alkylamino; 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 l.l.cl)
halogen; I.l.c2) OR1 1 wherein R11 represents H or
(d-C 3)alkyl which may optionally bear (C1-C3)HiOnO-
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 R 12 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; l.l.d)
-C(O)-OR 15 wherein R15 represents H or -(Ci-C 4)alkyl
which may optionally bear up to 3 halogens; l.l.e)
-C(O)-NR 16R17 wherein R1 represents H or (C]-C3)alkyl
which may optionally bear halogen; and R17 represents
H or -(Q-GOalkyl which is optionally substituted
withl.l.el) halogen; 1.1.e2) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 1.1.e3) phenyl; 1.1.e4)
-SO2CH3 ; 1.1.e5) -OR18 wherein R18 represents H or
(d-C 3)alkyl which may optionally bear halogen; or
1.1.e6) -NR19R20 in which R19 and R20 are
independently H or -(C1-C3)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 (CrC 3)alkyl; 1.1.f)
-N(R22)-C(O)-R23 wherein R22 represents H or (CrC
3)alkyl; and R23 represents optionally substituted
phenyl, or (Q-C 4)alkyl which is optionally
substituted with 1.1.f 1) optionally substituted
phenyl, 1.1.f2) OR24 wherein R24 represents H or (C
C3)alkyl, or 1.1.b ) NR25R26 wherein R25 and R26 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen, or R and 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 NR27 wherein R27
represents H or (CrC 3)alkyl; 1.1.g) -SO2NR28R29
wherein R represents H or (C1-C3)alkyl which may
optionally bear halogen; and R29 represents H or
-(Q-C^alkyl which is optionally substituted
with:l.l.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 ; I.l.g5) -OR30 wherein R30 represents H or (C
C3)alkyl which may optionally bear halogen; or l.l.g )
-NR3 1R32 in which R31 and R32 are independently H or
-(CrC 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-C3)alkyl; l.l.h) -N(R34)-SO2-R35 wherein R34
represents H or (Ci-C3)alkyl, and R35 represents
optionally substituted phenyl, or (Q-GOalkyl which is
optionally substituted with 1.1.hi) halogen; 1.1.h2)
optionally substituted phenyl, 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
-(C1-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 (Ci-C3)alkyl; LLi)-NR 40R4 1 in which R40 and R4 1
are independently H or -(CrC 3)alkyl which may
optionally bear halogen or OR42 in which R42
represents H or (Ci-C3)alkyl, or R40 and R4 1 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 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; 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(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 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 of 1.2.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 (Ci-C 3)alkyl which may optionally
bear halogen or -(d-C 3)monoor di-alkylamino; 1.2.a3)
-NR 46R47 in which R46 and R47 are independently H or
-(C1-C3)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 5-6membered
ring which may optionally contain a ring member
selected from O, S, and NR48 wherein R48 represents H
or (C1-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; and
1.2.b2) OR49 wherein R49 represents H or (C C3)alkyl
which may optionally bear halogen or -(C1-C3)mono- or
di-alkylamino; 1.2.c) OR50 wherein R50 represents H;
phenyl; benzyl; -(C3-C6)cycloalkyl; or -(Ci-C^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 (Q-C 3)alkyl which
may optionally bear -(C1-C3)mono- or dialkylamino; and
1.2.c3) -NR 52R53 in which R52 and R53 are
independently H or -(C1-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 member selected from O, S, and NR54 wherein R54
represents H or (C1-C3)alkyl; 1.2.d) -C(O)-OR55
wherein R55 represents H or -(d-C 4)alkyl which may
optionally bear up to 3 halogens; 1.2.e)
-C(O)-NR56R57wherein R56 represents H or (C1-C3)alkyl
which may optionally bear halogen; andR57 represents H
or -(Q-C^alkyl which is optionally substituted with
1.2.el) halogen; 1.2.e2) a 5-6 membered heteroaromatic
containing up to two 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-C3)alkyl which may
optionally bear halogen; or 1.2.e6) -NR59R60 in which
R59 and R60 are independently H or -(Ci-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 (Ci-C3)alkyl;
1.2.f)-N(R62)-C(O)-R63 wherein R62 represents H or
(C1-C3)alkyl; and R63 represents optionally
substituted phenyl, or (C1-C4)alkyl which is
optionally substituted with 1.2.f1) optionally
substituted phenyl, 1.2.f2) OR64 wherein R64
represents H or (C1-C3)alkyl, or 1.2.f3) NR65R66
wherein R65 and R66 are independently H or -(CrC
3)alkyl which may optionally bear halogen, or R 5 and
R 6 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
(Q-C^alkyl; 1.2.g) -SO2NR68R69 wherein R68 represents
H or (C1-C3)alkyl which may optionally bear halogen;
andR69 represents H or -(d-C 4)alkyl which is
optionally substituted with 1.2.gl) halogen; 1.2.g2) a
5-6 membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 1.2.g3) phenyl;
1.2.g4) -SO2CH3 ; 1.2.g5) -OR70 wherein R70 represents
H or (Q-C^alkyl which may optionally bear halogen; or
1.2.g6 -NR7 1R72 in which R7 1 and R72 are
independently H or -(Ci-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 selected from O, S, and NR73 wherein R73
represents H or (Q-C 3)alkyl; 1.2.h) -N(R74)-SO2-R75
wherein R74 represents H or (Q-C^alkyl, and R75
represents optionally substituted phenyl, or
(Ci-C4)alkyl 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 1.2.h4) NR77R78 wherein R77 and R78 are
independently H or -(C1-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 (Q-C^alkyl; 1.2J)-NR 80R8 1 in which
R80 and R8 1 are independently H or -(C1-C3)alkyl
which may optionally bear halogen or OR81awherein R81a
represents H or (Cr 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 (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) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; R2 represents halogen; -(Q-Cs^lkyl which may
optionally bear halogen; or -O(CrC 3)alkyl which may
optionally bear halogen; R represents 3.1) -(CrC
5)alkyl which is optionally substituted with 3.1.a)
-halogen; 3.1.b) phenyl optionally substituted with
halogen, -(C1-C3)alkyl, or - (Cr C3)alkoxy, 3-l.c) a
5-6 membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N, optionally
substituted with halogen or -(CrC 3)alkyl, 3.Ld) -CN,
3.Le) -OR83 wherein R83 represents H or -(C 1-C3)alkyl
which may optionally bear up to 3 substituents
independently selected from 3.1.el) halogen; 3.1.e2)
optionally substituted phenyl; 3.1.e3) -S(O)2CH3
;3.1.e4) OR84 wherein R84 represents H or (Ci-C3)alkyl
which may optionally bear halogen or -(Q-C 3)monoor
di-alkylamino; and 3.1.e5) -NR 85R86 in which R85 and
R86 are independently H or -(C1-C3)alkyl which may
optionally bear halogen, or R85 and R86 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 NR87
wherein R87 represents H or (d-C 3)alkyl; 3.1.f)
-(C3-C5)cycloalkyl which may optionally bear halogen
or OR88 wherein R88 represents H or (C C3)alkyl; or
3.1.g) -NR89R90 wherein RQ R represents H or -(CrC
3)alkyl which may optionally bear halogen; and R90
represents H or -(CrC 4)alkyl which is optionally
substituted with 3.1.gl) halogen; 3.1.g2) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 3.1.g3) phenyl;
3.1.g4) -SO2CH3 ; 3.1.g5) -OR91 wherein R9 1
represents H or (CrC 3)alkyl which may optionally bear
halogen; or 3.1.g6) -NR92R93 in which R92 and R93 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen, or R92 and R93 may be joined and taken
together with the N atom to which they are attached
form a 5-6 membered ring which may optionally containa
ring member selected from O, S, and NR94 wherein R94
represents H or (C1-C3)alkyl; or 3.1.g7) R89 and R90
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 NR95 wherein R95
represents H or (Ci-C 3)alkyl; OI l 3.2) wherein R96
represents 3.2.a) H, 3.2.b) -(C3-C5)cycloalkyl which
may optionally bear halogen or -(C 1-C3)alkoxy; or
3.2.c) -(Ci-C 5)alkyl which may optionally bear up to
3 substituents independently selected from 3.2.cl)
halogen; 3.2.c2) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.2.c3) phenyl; 3.2.C4) -S(O) 2CH3 ; 3.2.c5)
-OR97 wherein R97 represents H or (C C3)alkyl which
may optionally bear halogen or -(C 1-C3)HiOnO- or
di-alkylamino; and 3.2.c6) -NR 98R99 in which R98 and
R99 are independently H or -(d-C 3)alkyl which may
optionally bear halogen or OR99a wherein R99a
represents H or (C1-C3)alkyl, or R98 and R99 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 NR100 wherein R100 represents H or (C1-C3)alkyl;
OI l 3.3) wherein R101 represents H or -(Q-C^alkyl
which may optionally bear up to 3 substituents
independently selected from 3.3.a) halogen; and 3.3.b)
phenyl; 3.4) wherein R102 represents H or -(C
1-C3)alkyl which may optionally bear halogen; and R
represents H or -(C i-Cs)alkyl which may optionally
bear up to 3 substituents independently selected from
3.4.a) halogen; 3.4.b) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.4.c) phenyl; 3.4.d) -S(O)2CH3 ; 3.4.e) OR104
wherein R104 represents H or (Ci-C3)alkyl which may
optionally bear halogen; and 3.4.f) -NR 105R106 in
which R105 and R106 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R105 and R106 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 NR107 wherein R107
represents H or (Q-C 3)alkyl; 3.5) optionally
substituted phenyl;3.6) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.7) halogen; 3.8) -CN; or 3.9) -CH=N-OR108
wherein R108 represents H or -C(O)-(C 1-C3)alkyl; R4
represents 4.1) -(Ci-C5)alkyl which is optionally
substituted with 4.La) -(C3-C5)cycloalkyl which may
optionally bear halogen or OR109 wherein R109
represents H or (d-C 3)alkyl; 4.Lb) -halogen; 4.Lc)
-OR110 wherein R110 represents H or -(Ci-C 3)alkyl
which may optionally bear up to 3 substituents
independently selected from 4.LcI) halogen; 4.1.c2)
phenyl; 4.1.c3) -S(O)2CH3 ; 4.1.c4) OR111 wherein R111
represents H or (Cr C3)alkyl which may optionally bear
halogen; and 4.1.c5) -NR 112R113 in which R112 and
R113 are independently H or -(Q-C^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.Ld) -NR115R116 wherein R115 represents H or -(C
C3)alkyl which may optionally bear halogen andR116
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 (d-C 3)alkyl which may optionally
bear halogen; and 4.1.d4) -NR 118R119 in which R118
and R119 are independently H or -(Ci-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 (C1-C3)alkyl;
4.1.e) 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 in which R represents H or
-(Ci-C3)alkyl; d represents 1 , 2 , or 3 ; e
represents O or 1 ; f represents O , 1 , or 2 ; 4.3)
R123 represents -(Ci-C 3)alkyl which may optionally
bear halogen or-OR 124 in which R124 represents H or
-(CrQOalkyl;g represents 1, 2, or 3; h represents 0, I
, or 2; -(CH2)-N NR125 4.4) wherein R125 represents
4.4.a) H; 4.4.b) -(C 1-C3)EIlCyI which may optionally
bear halogen or -OR 126 in which R126 represents H or
-(d-C 3)alkyl which in turn is optionally substituted
with halogen; 4.4.C) -SO 2R127 wherein R127 represents
optionally substituted phenyl, or -(C 1-C3)alkyl which
may optionally bear halogen or OR 128 wherein R128
represents H or (Ci-C 3)alkyl; 4.4.d) -C(O)R 129
wherein R represents 4.4.dl) optionally substituted
phenyl, 4.4.d2) -(C -C3)alkyl which may optionally
bear up to 3 substituents independently selected from
4.4.d2.1) halogen; 4.4.d2.2) optionally substituted
phenyl; 4.4.d2.3) -S(O) 2CH3 ; 4.4.d2.4) -OR 130
wherein R130 represents H or (C1-C3)alkyl which may
optionally bear halogen; and 4.4.d2.5) -NR 131R132 in
which R 131 and R 132 are independently H or -(C
1-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 NR133wherein R133 represents H
or (C1-C3) yI; 4.4.d3) -OR 134 wherein R134 represents
H or (C1-C )HIlCyI which may optionally bear halogen;
or 4.4.d4) NR135R136 wherein R135 and R 136 are
independently H or -(C 1-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 NR 137 wherein
R137 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) (d-C 4)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 (Q-C^alkyl which may optionally bear
halogen or -(C 1-C3)mono- or di-alkylamino; 4.5.a3)
-NR 140R141 in which R 140 and R141 are independently
H or -(d-C 3)alkyl which may optionally bear halogen
or OR141a wherein R141a represents H or (Ci-C 3)alkyl,
or R 140 and R 141 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 NR142 wherein R142
represents H or (Q-C^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 (Cr
C3)alkyl which may optionally bear halogen; 4.5.c)
OR144 wherein R144 represents H; phenyl; benzyl;
(C3-C6)cycloalkyl; or (Q-GOalkyl which may optionally
bear up to 3 substituents independently selected from
4.5.cl) halogen; 4.5.c2) OR145 wherein R145 represents
H or (Cr C3)alkyl which may optionally bear (C1-C
)mono- or dialkylamino; and 4.5.c3) NR146R147 in which
R146 and R1473 are independently H or -(C1-C3)alkyl
which may optionally bear halogen, or R14 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 (CrC 3)alkyl;
4.5.d) -C(O)-OR149 wherein R149 represents H or -(C
C4)alkyl which may optionally bear up to 3 halogens;
4.5.e) -C(O)-NR150R151 wherein R150 represents H or
(Q-C 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.e2) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 4.5.e3) phenyl;
4.5.e4) -SO2CH3 ; 4.5.e5) -OR152 wherein R152
represents H or (C1-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 R 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 (Cr 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 (C1-C )alkyl which is
optionally substituted with 4.5.f1) 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 -(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 (Q-C^alkyl; 4.5.g) -SO2NR162R163 whereinR162
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.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) -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 (Q-C^alkyl;
4.5.h) -N(R168)-SO2-R169 wherein R168represents H or
(C C3)alkyl, and R1 9 represents H, optionally
substituted phenyl, or (Ci-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 (d-C 3)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 withthe 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 (Q-C 3)alkyl;
4.5J)-NR 174R 175 in which R174 and R175 are
independently H or -(C 1-C3)OIlCyI which may
optionally bear halogen or OR 175a wherein R175a
represents H or (d-C 3)alkyl, 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.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 O, 1, or
2; 4.6) wherein R177 represents H or -(C C3)alkyl; and
m represents 1, 2, or 3; -(CH2V-N S(O) 4.7) n \- / p
wherein n represents 1, 2, or 3; and p represents O,
1, or 2; 4.8) wherein represents 1, 2, or 3;R
represents 4.9.a) H; 4.9.b) -(C 1-C3)EIlCyI which may
optionally bear halogen or -OR 179 in which R 179
represents H or (C1-C3)alkyl optionally substituted
with halogen; 4.9.C) -SO2R180 wherein R180 represents
optionally substituted phenyl or -(C 1-C3)alkyl, which
may be substituted with halogen or -OR 181 wherein
R181 represents H or (C1-C3)alkyl which may optionally
bear halogen; 4.9.d) -C(O)R 182 wherein R182
represents optionally substituted phenyl or
-(Q-C^alkyl which may optionally bear up to 3
substituents independently selected from 4.9.dl)
halogen; 4.9.d2) optionally substituted phenyl;
4.9.d3) -S(O) 2CH3 ; 4.9.d4) OR183 wherein R183
represents H or (Ci-C )alkyl which may optionally bear
halogen; and 4.9.d5) -NR 184R 185 in which R 184 and
R185 are independently H or -(Q-C^alkyl which may
optionally bear halogen or OR185a wherein R185a
represents H or (C1-C3)alkyl, or R 184 and R 185 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 NR186 wherein R 186 represents H or (Q-C^alkyl;
4.9e) -C(O)OR 187 wherein R187 represents
(C1-C3)alkyl; or 4.9.f)-C(O)-NR 188R189 wherein R188
and R189 each independently represents H or -(C 1-C
)alkyl which mayoptionally bear halogen, or R and 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 NR190 wherein R190 represents H or (Cr
C3)alkyl; r represents O, 1, or 2; and s represents
Oor 1; 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
-(Ci-C3)alkyl, both of which may be substituted with
halogen or -(C -C3)alkyl; 4.10.d) -C(O)R194 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
(Ci-C3)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
(Q-C 3)alkyl, or R196 and R197 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 NR198 wherein R198
represents H or (C1-C3)alkyl; 4.10.e) -C(O)OR199
wherein R199 represents (C1-C3)alkyl; or
4.10.f)-C(O)-NR200R201 wherein R200 and R201 each
independently represents H or -(Ci-C3)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 (Ci-C3)alkyl;
and X represents O, S, S(O), S(O)2 , or NR203 wherein
R203 represents H or -(C r C3)alkyl; and t represents
O, 1, or 2; 4.11) halogen; or 4.12) CN; or a
pharmaceutically acceptable salt thereof. In
embodiment two, the present invention provides a
compound of formula (T) R1 (I), wherein R1 represents
1.1) phenyl which may optionally bear up to 4
substituents independently selected from the group
consisting of l.l.a) (d-C 4)alkyl, which may
optionally bear up to 3 substituents independently
selected from1.1.al) halogen; 1.1.a2) OR5 wherein R5
represents H or (C1-C3)alkyl which may optionally bear
halogen or -(Ci-C3)mono- or dialkylamino; 1.1.a3)
-NR6R7 in which R6 and R7 are independently H or -(C
-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 NR wherein R represents H or (Cr C3)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
substituents independently selected from l.l.bl)
halogen; l.l.c) OR10 wherein R10 represents H; phenyl;
benzyl; (C3-C6)cycloalkyl; or (Ci-C4)alkyl which may
optionally bear up to 3 substituents independently
selected from l.l.cl) halogen; 1.1.c2) OR11 wherein
R11 represents H or (Ci-C3)alkyl which may optionally
bear (Ci-C3)mono- or dialkylamino; and 1.1.c3) NR12R13
in which R12 and R13 are independently H 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 or
(Q-C^alkyl;LLe) -C(O)-NR16R17 wherein R16 represents H
or (Ci-C3)alkyl which may optionally bear halogen; and
R represents H or -(Q-GOalkyl which is optionally
substituted with LLeI) halogen; 1.1.e3) phenyl; Ll.e4)
-SO2CH3 ; Ll.e5) -OR18 wherein R18 represents H or
(C1-C3)alkyl which may optionally bear halogen; or
1.1.e6) -NR19R20 in which R19 and R20 are
independently H or -(C1-C3)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 (Q-C^alkyl; LLf) -N(R22)-C(O)-R23
wherein R22 represents H or (C1-C3)alkyl; and R23
represents optionally substituted phenyl, or
(C1-C4)alkyl which is optionally substituted with
l.l.fl) optionally substituted phenyl, 1.Lf2) OR24
wherein R24 represents H or (Q-C^alkyl, or Ll.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
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 (Ci-C3)alkyl; LLg) -SO2NR28R29 whereinR28
represents H or (Q-C 3)alkyl which may optionally bear
halogen; and R29 represents H or -(Ci-C4)alkyl which
is optionally substituted with: l.l.gl) halogen;
1.1.g3) phenyl; I.l.g4) -SO2CH3 ; 1.1.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 -(CrC 3)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 (Ci-C3)alkyl;
1.1.h) -N(R34)-SO2-R35 wherein R34 represents H or
(C1-C3)alkyl, and R represents optionally substituted
phenyl, or (Q-GOalkyl which is optionally substituted
with l.l.hl) halogen; 1.1.h2) optionally substituted
phenyl, 1.1.h3) OR36 wherein R36 represents H or
(C1-C3)alkyl, or 1.1.b.4) NR37R38 wherein R37 and R38
are independently H or -(Ci-C3)alkyl which may
optionally bear halogen, or R and 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 (Q-C^alkyl; LLi)-NR 40R4 1
in which R40 and R4 1 are independently H or
-(C1-C3)alkyl which may optionally bear halogen or
OR42 inwhich R42 represents H or (d-C 3)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 (Ci-C 3)alkyl; l.l.j) halogen; 1.1.1) NO2 ; LLm) CN
; and LLn) a 5-6 membered heteroaromatic containing up
to two heteroatoms selected from O, S, and N; 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 of
1.2.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 (d-C
3)alkyl which may optionally bear halogen or -(C
1-C3)monoor di-alkylamino; 1.2.a3) -NR 46R47 in which
R46 and R47 are independently H or -(C 1-C3)alkyl
which may optionally bear halogen or OR47a wherein
R47a represents H or (CrC 3)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 NR48 wherein R48 represents H or (C1-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 -(Ci-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 (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;
[-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 member
selected from O, S, and NR54 wherein R54 represents H
or (Ci-C 3)alkyl; 1.2.e) -C(O)-NR 56R57wherein R56
represents H or (C1-C3)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 (Q-C^alkyl which may
optionally bear halogen; or 1.2.e6) -NR59R60 in which
R59 and R60 are independently H or -(CrC 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 5-6membered ring which may
optionally contain a ring member selected from O, S,
and NR6 1 wherein R6 1 represents H or (CrC 3)alkyl;
1.2.f)-N(R62)-C(O)-R63 wherein R62 represents H or
(C1-C3)alkyl; and R63 represents optionally
substituted phenyl, or (Q-GOalkyl which is optionally
substituted with 1.21 1) 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 -(C1-C3)alkyl which may optionally
bear halogen, or R 5 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) -SO2NR68R69
wherein R68 represents H or (Ci-C3)alkyl which may
optionally bear halogen; and R69 represents H or
-(Ci-C4)alkyl which is optionally substituted with
1.2.gl) halogen; 1.2.g3) phenyl; 1.2.g4) -SO2CH3 ;
1.2.g5) -OR70 wherein R70 represents H or (C1-C3)alkyl
which may optionally bear halogen; or 1.2.g6 -NR7 1R72
in which R7 1 and R72 are independently H or
-(Q-C^alkyl which may optionally bear halogen, or R71
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 ringmember
selected from O, S, and NR73 wherein R73 represents H
or (C1-C3 Il yI; 1.2.h) -N(R74)-SO 2-R75 wherein R74
represents H or (Q-C 3)alkyl, and R75 represents
optionally substituted phenyl, or (C1-C4)alkyl which
is optionally substituted with 1.2.hl) halogen;
1.2.h2) optionally substituted phenyl, 1.2.h3) OR76
wherein R7'6 represents H or (C1-C3)alkyl, or 1.2.h4)
NR77R78 wherein R77 and R78 are independently H or
-(Ci-C 3)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 (Q-C^alkyl; 1.2J)-NR 80R81 in which R80 and R8 1
are independently H or -(C1-C3)alkyl which may
optionally bear halogen or OR81a wherein R81a
represents H or (Cr 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 (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; R represents halogen;
-(Q-C5)alkyl which may optionally bear halogen; or
-O(C 1-C3)alkyl which may optionally bear halogen;R
represents 3.1) -(Ci-C5)alkyl which is optionally
substituted with 3.La) -halogen; 3.Lb) phenyl
optionally substituted with halogen, -(d-C 3)alkyl, or
-(Ci-C3)alkoxy, 3.Lc) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N, optionally substituted with halogen or
-(C1-C3)alkyl, 3.Ld) -CN, 3.Le) -OR83 wherein R83
represents H or -(C r C3)alkyl which may optionally
bear up to 3 substituents independently selected from
3.LeI) halogen; 3.1.e2) optionally substituted phenyl;
3.1.e3) -S(O)2CH3 ; 3.1.e4) OR84 wherein R84
represents H or (d-C 3)alkyl which may optionally bear
halogen or -(Ci-C3)monoor di-alkylamino; and 3.1.e5)
-NR 85R86 in which R85 and R86 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R85 and R86 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 NR87 wherein R87 represents H
or (Ci-C3)alkyl; 3.1.f) -(C3-C5)cycloalkyl which may
optionally bear halogen; or 3.Lg) -NR89R90 wherein R
represents H or -(C 1-C3)alkyl which may optionally
bear halogen; and R90 represents H or -(Q-GOalkyl
which is optionally substituted with3.1.gl) halogen;
3.1.g2) a 5-6 membered heteroaromatic containing up to
two heteroatoms selected from O, S, and N; 3.1.g3)
phenyl; 3.1.g4) -SO2CH3 ; 3.1.g5) -OR9 1 wherein R9 1
represents H or (Ci-C3)alkyl which may optionally bear
halogen; or 3.1.g6) -NR92R93 in which R92 and R93 are
independently H or -(Ci-C3)alkyl which may optionally
bear halogen, or R92 and R93 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 NR94 wherein R94
represents H or (C1-C3)alkyl; or 3.1.g7) R89 and R90
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 NR95 wherein R95
represents H or (C C3)alkyl; OI l 3.2) wherein R96
represents 3.2.a) H, 3.2.b) -(C3-C5)cycloalkyl which
may optionally bear halogen; or 3.2.c) -(C1-C5)alkyl
which may optionally bear up to 3 substituents
independently selected from 3.2-cl) halogen;3.2.c2) a
5-6 membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 3.2.c3) phenyl;
3.2.c5) -OR97 wherein R97 represents H or (C1-C3)alkyl
which may optionally bear halogen or -(C1-C3)mono- or
di-alkylamino; and 3.2.c6) -NR 98R99 in which R98 and
R99 are independently H or -(Ci~C3)alkyl which may
optionally bear halogen or OR99a wherein R99a
represents H or (d-C 3)alkyl, or R98 and R99 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 NR100 wherein R100 represents H or (Ci-C3)alkyl; O
V-C-QR101 3.3) wherein R101 represents H or -(CrC
5)alkyl which may optionally bear up to 3 substituents
independently selected from 3.3.a) halogen; and 3.3.b)
phenyl; O V NR102R103 u . 3.4) wherein R represents H
or -(CrC 3)alkyl which may optionally bear halogen;
and R1 3 represents H or -(Ci-C 5)alkyl which may
optionally bear up to 3 substituents independently
selected from 3.4.a) halogen; 3.4.b) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 3.4.c) phenyl;3.4.d)
-S(O)2CH3 ; 3.4.e) OR104 wherein R104 represents H or
(Cr C3)alkyl which may optionally bear halogen; and
3.4.f) -NR 105R106 in which R105 and R106 are
independently H or -(Q-C^alkyl which may optionally
bear halogen, or R105 and R106 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 NR107 wherein
R107 represents H or (C1-C3)alkyl; 3.6) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 3.7) halogen; or 3.8) -CN;
R4 represents 4.1) -(d-C 5)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.Lc)
-OR110 wherein R110 represents H or -(d-C 3)alkyl
which may optionally bear up to 3 substituents
independently selected from 4.1.cl) halogen; 4.1.c2)
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 -(d-C 3)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 whichmay optionally contain a
ring member selected from O, S, and NR114 wherein R114
represents H or (Ci-C3)alkyl; 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 -(CrC 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 (Q-C
3)alkyl which may optionally bear halogen; and 4.1.d4)
-NR 118R119 in which R118 and R119 are independently H
or -(C1-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 (Ci-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
-(C1-C3)alkyl; d represents 1, 2, or 3; e represents 0
or 1;f represents 0, 1, or 2; 4.3) represents -(C
1-C3)EIlCyI which may optionally bear halogen or-OR
124 in which R124 represents H or -(C 1-C3)alkyl; g
represents 1, 2, or 3; h represents 0, 1, or 2; 4.4)
wherein R represents 4.4.a) H; 4.4.b) -(CrC 3)alkyl
which may optionally bear halogen or -OR 126 in which
R126 represents H or -(Ci-C 3)alkyl which in turn is
optionally substituted with halogen; 4.4.c) -SO2R127
wherein R127 represents optionally substituted phenyl,
or -(d-C 3)alkyl which may optionally bear halogen or
OR128 wherein R128 represents H or (d-C 3)alkyl;
4.4.d) -C(O)R 129 wherein R represents 4.4.d 1)
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;
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 R132 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen, or R 131 and R132 may be joined and
takentogether 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 (C1-C3) yI; 4.4.d3) -OR
134 wherein R134 represents (CrC 3)alkyl which may
optionally bear halogen; or 4.4.d4) NR135R136 wherein
R135 and R136 are independently H or -(Q-C^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)alkyl;
and j represents 1, 2, or 3; 4.5) wherein X represents
C or N; R138 represents 4.5. a) (Q-G^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 -(C 1-C3)HiOnO- or di-alkylamino;
4.5.a3) -NR 140R141 in which R140 and R141 are
independently H or -(C 1-C3)alkyl which may
optionallybear 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 member selected from O, S,
and NR142 wherein R142 represents H or (Q-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.bl)
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 (Cr C3)alkyl which
may optionally bear (C1-C3)HiOnO- or dialkylamino; and
4.5.c3) NR146R147 in which R146 and R1473 are
independently H or -(Q-C^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 (Ci-C 3)alkyl; 4.5.e) -C(O)-NR
150R151 wherein R150 represents H or (Q-C 3)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) -OR152 wherein R152 represents H or (Q-C^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 (C C3)alkyl; 4.5.f) -N(R156)-C(O)-R157
wherein R156 represents H or (Q-C^alkyl; and R157
represents H, optionally substituted phenyl, or
(Q-GOalkyl 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
-(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-C )alkyl; 4.5.g) -SO2NR162R163
wherein R162 represents H or (Q-C 3)alkyl which may
optionally bear halogen; and 1 R represents H or
-(Q-C^alkyl which is optionally substituted
with4.5.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 3)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
(C1-C3)alkyl, and R1 9 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 (CrC 3)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 ring member selected from O, S,
and NR173 wherein R173 represents H or (Ci;-C3)alkyl;
4.5J)-NR 174R175 in which R174 and R175 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen or OR175a wherein R175a represents H or
(d-C 3)alkyl, or R174 and R175may 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 0, 1, or
2; 4.6) wherein R177 represents H or -(Cr C3)alkyl;
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 0,
1, or 2; 4.8) wherein represents 1, 2, or 3; R178
represents 4.9.a) H; 4.9.b) -(Ci-C 3)alkyl which may
optionally bear halogen or -OR179 in which R179
represents H or (C1-C3)alkyl optionally substituted
with halogen; 4.9.c) -SO2R180 wherein R180 represents
optionally substitutued phenyl or -(C1-C3)alkyl, which
may be substituted with halogen or -OR wherein
R181represents H or (Q-C 3)alkyl which may optionally
bear halogen; 4.9.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; 4.9.d2) optionally
substituted phenyl; 4.9.d4) OR183 wherein R183
represents H or (C1-C3)alkyl which may optionally bear
halogen; and 4.9.d5) -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 (C1-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 NR186 wherein R186 represents H or (C1-C3)alkyl;
4.9e) -C(O)OR187 wherein R187 represents (C C3)alkyl;
or 4.9.f)-C(O)-NR188R189 wherein R188 and R189 each
independently represents H or -(C1-C3) yI 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 (C1-C3)alkyl; r
represents O, 1, or 2; and s represents 0 or 1;wherein
R 191 represents 4.10.a) H; 4.10.b) -(C 1-C3)OIlCyI
which may optionally bear halogen or-OR 192 in which
R192 represents H or (Ci-C 3)alkyl; 4.10c) -SO 2R193
wherein R 193 represents phenyl or -(Ci-C 3)alkyl,
both of which may be substituted with halogen or -(C
1-C3)alkyl; 4.10.d) -C(O)R 194 wherein R194 represents
(d-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 (Ci~C3)alkyl which may optionally bear
halogen; and 4.10.d5) -NR 196R197 in which R196 and
R197 are independently H or -(Ci-C 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 NR198 wherein R198 represents H or (Q-C^alkyl;
4.10.e) -C(O)OR 199 wherein R 199 represents
(C1-C3)alkyl; or 4 .lO.f) -C(O)-NR 200R201 wherein
R200 and R201 each independently represents H or -(C
1-C )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)alkyl; and X represents O, S, S(O)2 , or
NR203 wherein R203 represents H or -(C C3)alkyl; and t
represents O, 1, or 2; 4.11) halogen; or 4.12) -CN; or
a pharmaceutically acceptable salt thereof. In
embodiment three, the present invention provides a
compound of formula (T) (I), wherein R1 represents
1.1) phenyl which may optionally bear up to 4
substituents independently selected from the group
consisting of l.l.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 -(C1-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
memberselected from O, S, and NR8 wherein R8
represents H or (d-C 3)alkyl; and 1.1.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 (Ci-C4)alkyl
which may optionally bear up to 3 substituents
independently selected from l.l.cl) halogen; 1.1.c2)
OR11 wherein R1 represents H or (Cr C3)alkyl; and
1.1.c3) NR12R13 in which R12 and R13 are independently
H or -(Ci-C3)alkyl which may optionally bear halogen,
or R and 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 NR14 wherein R1 represents H
or (C1-C3)alkyl; l.l.e) -C(O)-NR16R17 wherein R16
represents H or (Q-C^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 (Q-C^alkyl
which may optionally bear halogen; or 1.1.e6) -NR19R20
in which R19 and R20 are independently H or
-(Ci-C3)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 5-6membered
ring which may optionally contain a ring member
selected from O, S, and NR21 wherein R2 1 represents H
or (C1-C3)alkyl; 1.1.f) -N(R22)-C(O)-R23 wherein R22
represents H or (C1-C3)alkyl; and R23 represents
optionally substituted phenyl, or (d-C 4)alkyl; l.l.g)
-SO2NR28R29 wherein R28 represents H or (CrC 3)alkyl
which may optionally bear halogen; and R29 represents
H or -(C1-C4)alkyl which is optionally substituted
with: l.l.gl) halogen; 1.1.g4) -SO2CH3 ; 1.1.g5) -OR30
wherein R30 represents H or (C1-C3)alkyl which may
optionally bear halogen; or 1. l.g ) -NR3 1R32 in
which R3 1 and R32 are independently H or -(CrC
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 NR wherein R represents H or (Q-C
3)alkyl; LLh) -N(R34)-SO2-R35 wherein R34 represents H
or (Ci-C3)alkyl, and R represents optionally
substituted phenyl, or (Q-GOalkyl which is optionally
substituted with l.l.hl) halogen; LLi)-NR 40R4 1 in
which R40 and R4 1 are independently H or -(d-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 areattached form a 5-6 membered ring which
may optionally contain a ring member selected from O,
S, and NR43 wherein R43 represents H or (Ci-C 3)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; 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) (Ci-C 4)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 3)alkyl which may optionally
bear halogen; 1.2.a3) -NR 46R47 in which R46 and R47
are independently H or -(Ci-C 3)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 (d-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; -(C3-C6)cycloalkyl; or -(Q-GOalkyl
which may optionally bear up to 3 substituents
independently selected from 1.2.cl) halogen; 1.2.e)
-C(O)-NR56R57wherein R56 represents H or (C -C3)alkyl
which may optionally bear halogen; and R57 represents
H or -(CrC 4)alkyl which is optionally substituted
with 1.2.el) halogen; or 1.2.e5) -OR58 wherein R58
represents H or (Ci-C3)alkyl which may optionally bear
halogen; 1.2.f)-N(R62)-C(O)-R63 wherein R62 represents
H or (C1-C3)alkyl; and R63 represents optionally
substituted phenyl, or (Q-GOalkyl; 1.2.g) -SO2NR68R69
wherein R68 represents H or (C1-C3)alkyl which may
optionally bear halogen; and R69 represents H or -(Q-C
4)alkyl which is optionally substituted with 1.2.gl)
halogen; or 1.2.g5) -OR70 wherein R70 represents H or
(C1-C3)alkyl which may optionally bear halogen; 1.2.h)
-N(R74)-SO2-R75 wherein R74 represents H or (d-C
3)alkyl, and R75 represents optionally substituted
phenyl, or (Q-GOalkyl which is optionally substituted
with 1.2.hl) halogen; 1.2J)-NR 80R81 in which R80 and
R8 1 are independently H or -(C1-C3)alkyl which may
optionally bear halogen or OR81a wherein R81a
represents H or (Q-Cs^lkyl, 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 NR82 wherein R82 represents H or (C1-C3)alkyl;
1.2J) 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; R
represents halogen; -(CrC 5)alkyl which may optionally
bear halogen; or -O(Ci-C 3)alkyl which may optionally
bear halogen; R3 represents 3.1) -(C 1-C5)alkyl which
is optionally substituted with 3.La) -halogen; 3.1.b)
phenyl optionally substituted with halogen, -(Ci-C
3)alkyl, or - (C! -C3)alkoxy, 3.Lc) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N, optionally substituted with
halogen or -(C 1-C3)alkyl, 3.Ld) -CN, 3.Le) -OR83
wherein R83 represents H or -(C 1-C3)alkyl which may
optionally bear up to 3 substituents independently
selected from 3.LeI) halogen; 3.1.e2) optionally
substituted phenyl; 3.1.e3) -S(O)2CH3 ; 3.1.e4) OR84
wherein R84 represents H or (C C3)alkyl which may
optionally bear halogen or -(Ci-C 3)monoor
di-alkylamino; and3.1.e5) -NR 85R86 in which R85 and
R86 are independently H or -(CrC 3)alkyl which may
optionally bear halogen, or R85 and R86 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 NR87
wherein R87 represents H or (C1-C3)alkyl; 3.1.f)
-(C3-C5)cycloalkyl which may optionally bear halogen;
or 3.Lg) -NR89R90 wherein R represents H or -(C
-C3)alkyl which may optionally bear halogen; and R90
represents H or -(Q-GOalkyl which is optionally
substituted with 3.1.gl) halogen; 3.1.g2) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N; 3.1.g3) phenyl;
3.1.g4) -SO2CH3 ; 3.1.g5) -OR9 1 wherein R91
represents H or (C -C3)alkyl which may optionally bear
halogen; or 3.1.g6) -NR92R93 in which R92 and R93 are
independently H or -(d-C 3)alkyl which may optionally
bear halogen, or R92 and R93 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 NR94 wherein R94
represents H or (C1-C3)alkyl; or 3.1.g7) R89 and R90
may be joined and taken together with the N to which
they are attachedform an aromatic or nonaromatic 5-6
membered ring which may optionally contain a ring
member selected from O, S, and NR95 wherein R95
represents H or (C1-C3)alkyl; OI l 3.2) wherein R96
represents 3 .2.SL) H , 3.2.b) -(C3-C5)cycloalkyl
which may optionally bear halogen; or 3.2.c)
-(C1-C5)alkyl which may optionally bear up to 3
substituents independently selected from 3.2.cl)
halogen; 3.2.c2) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.2.c3) phenyl; 3.2.c5) -OR97 wherein R97
represents H or (C1-C3)alkyl which may optionally bear
halogen or -(C 1-Cs)HiOnO- or di-alkylamino; and
3.2.c6) -NR 98R99 in which R98 and R99 are
independently H or -(C -C3)alkyl which may optionally
bear halogen or OR99a wherein R99a represents H or
(C1-C3)alkyl, or R98 and R99 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 NR100 wherein
R100 represents H or (Ci-C 3)alkyl; O 3.3) wherein R 0
1 represents H or -(Ci-C 5)alkyl which may optionally
bear up to 3 substituents independently selected
from3.3.a) halogen; and 3.3.b) phenyl; O . V NR102R103
3.4) ' wherein R represents H or -(Q-C^alkyl which may
optionally bear halogen; and R103 represents H or
-(Q-Csjalkyl which may optionally bear up to 3
substituents independently selected from 3.4.a)
halogen; 3.4.b) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.4.c) phenyl; 3.4.d) -S(O)2CH3 ; 3.4.e) OR104
wherein R104 represents H or (C1-C3)alkyl which may
optionally bear halogen; and 3.4.f) -NR 105R106 in
which R105 and R106 are independently H or
-(C1-C3)alkyl which may optionally bear halogen, or
R105 and R106 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 NR107 wherein R107
represents H or (Q-C^alkyl; 3.6) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 3.7) halogen; or 3.8) -CN;
R4 represents 4.1) -(Q-C 5)alkyl which is optionally
substituted with 4.La) -(C3-C5)cycloalkyl which may
optionally bear halogen or OR109 wherein R109
represents H or (Cr C3)alkyl;4 .Lb) -halogen; 4.1.C)
-OR110 wherein R110 represents H or -(Ci-C 3)alkyl
which may optionally bear up to 3 substituents
independently selected from 4.1.cl) halogen; 4.1.c2)
phenyl; 4.1.c4) OR111 wherein R111 represents H or (C
C3)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 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)BIkYl; 4.Ld) -NR115R116
wherein R115 represents H or -(d-C 3)alkyl which may
optionally bear halogen and R116 represents H,
optionally substituted phenyl, or -(C 1-C5)alkyl which
may optionally bear up to 3 substituents independently
selected from 4.LdI) 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^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 5-6membered ring which may optionally contain a
ring member selected from O, S, and NR120 wherein R120
represents H or (Ci-C3)alkyl; or 4.1.f) a 5-6 membered
aromatic heterocycle containing up to two heteroatoms
selected from O, S, and N; 4.2) which may optionally
bear halogen or -OR 122 in which R122 represents H or
-(d-C 3)alkyl; d represents 1, 2, or 3; e represents 0
or 1; f represents 0, 1, or 2; 4.3) wherein R123
represents -(C -C3)alkyl which may optionally bear
halogen or-OR 124 in which R124 represents H or
-(Q-QOalkyl; g represents 1, 2, or 3; h represents 0,
1, or 2; -(CH 2)- N NR125 4.4) J - wherein R125
represents 4.4.a) H; 4.4.b) -(C 1-C3)alkyl which may
optionally bear halogen or -OR126 in which R126
represents H or -(C C3)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 (CrC 3)alkyl;
4.4.d) -C(O)R129 whereinR129 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;
4.4.d2.4) -OR130 wherein R130 represents H or (CrC
3)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 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-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 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 (CrC 3)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 (Q-QOalkyl 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
(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 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; 4.5.C) OR144 wherein R144 represents H;
phenyl; benzyl; (C3-C6)cycloalkyl; or (d-C 4)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-Csjalkyl which
may optionally bear (Ci-C 3)mono- or dialkylamino;
and4.5.c3) NR146R147 in which R146 and R1473 are
independently H or -(C 1-C3)OIlCyI which may
optionally bear halogen, or R146 and R 147 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)-NR 150R151 wherein R150 represents H or
(CrC 3)alkyl which may optionally bear halogen; and R
151 represents H or -(CrC 4)alkyl which is optionally
substituted with 4.5.el) halogen; 4.5.e3) phenyl;
4.5.e4) -SO 2CH3 ; 4.5.e5) -OR 152 wherein R 152
represents H or (Q-C^alkyl which may optionally bear
halogen; or 4.5.e6) -NR 153R154 in which R 153 and R
154 are independently H or -(C 1-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-C 3)alkyl;
4.5.f) -N(R 156)-C(O)-R 157 wherein R156 represents H
or (Ci-C 3)alkyl; and R157 represents H, optionally
substituted phenyl, or (Q-C 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, or4.5.W) 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 (C1-C3)alkyl; 4.5.g) -SO2NR162R163
wherein R162 represents H or (C1-C3)alkyl which may
optionally bear halogen; and R163 represents H or
-(Q-GOalkyl 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
(C1-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 (C1-C3)alkyl; 4.5.h)
-N(R168)-SO2-R169 wherein R168represents H or (d-C
3)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) OR 170 wherein R170
represents H or (C1-C3)OIlCyI which may optionally
bear halogen, or 4.5.h4) NR 171R172 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 member selected from O, S,
and NR 173 wherein R173 represents H or (C1-C3)alkyl;
4.5.i)-NR 174R175 in which R174 and R175 are
independently H or -(C 1-C3)alkyl which may optionally
bear halogen or OR 175a wherein R175a represents H or
(Q-QOalkyl, or R174 and R 175 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 R
176 represents H or (d-C 3)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 0, 1, or
2; 4.6) wherein R177 represents H or -(Q-C 3)alkyl;
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;4.8) wherein represents 1, 2, or 3; R178
represents 4.9.a) H; 4.9.b) -(Ci-C 3)alkyl which may
optionally bear halogen or -OR179 in which R179
represents H or (Ci-C3)alkyl optionally substituted
with halogen; 4.9.c) -SO2R180 wherein R180 represents
optionally substitutued phenyl or -(CrC 3)alkyl, which
may be substituted with halogen or -OR wherein R
represents H or (Q-C 3)alkyl which may optionally bear
halogen; 4.9.d) -C(O)R182 wherein R182 represents
optionally substituted phenyl or -(Ci-C 3)alkyl which
may optionally bear up to 3 substituents independently
selected from 4.9.dl) halogen; 4.9.d2) optionally
substituted phenyl; 4.9.d4) OR183 wherein R183
represents H or (C1-C3)alkyl which may optionally bear
halogen; and 4.9.d5) -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 (C1-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 aring member selected from O, S,
and NR186 wherein R186 represents H or (C1-C3)EIlCyI;
4.9e) -C(O)OR 187 wherein R 187 represents (Ci-C
3)alkyl; or 4.9.f)-C(O)-NR 188R189 wherein R188 and
R189 each independently represents H or -(C r C3)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 (Ci-C
3)alkyl; r represents O, 1, or 2; and s represents Oor
1; wherein R191 represents 4.10.a) H; 4.10.b) -(C
1-C3)alkyl which may optionally bear halogen or-OR 192
in which R 192 represents H or (d-C 3)alkyl; 4.10c)
-SO 2R193 wherein R193 represents phenyl or -(Ci-C
3)alkyl, both of which may be substituted with halogen
or -(CrC 3)alkyl; 4.10.d) -C(O)R 194 wherein R194
represents (Cr 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 (C1-C3)alkyl which may optionally bear
halogen; and 4.10.d5) -NR 196R 197 in which R196 and
R197 are independently H or -(Ci-C 3)alkyl which
mayoptionally bear halogen or OR197a wherein R197a
represents H or (C1-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 (Ci-C3)alkyl;
4.10.e) -C(O)OR199 wherein R199 represents (Q-C
3)alkyl; or 4.lO.f) -C(O)-NR200R201 wherein R200 and
R201 each independently represents H or -(Q-C^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 (Q-C^alkyl;
and X represents O, S, S(O)2 , or NR203 wherein R203
represents H or -(C r C3)alkyl; and t represents O, 1,
or 2; 4.11) halogen; or 4.12) -CN; or a
pharmaceutically acceptable salt thereof. In
embodiment four, the present invention provides a
compound of formula (I) (T), wherein R1 represents1.1)
phenyl which may optionally bear up to 4 substituents
independently selected from the group consisting of
l.l.a) (Ci-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
(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
(Q-C 3)alkyl; and 1.1.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; 1.1.c) OR10 wherein R10 represents H; phenyl;
benzyl; (C3-C6)cycloalkyl; or (C1-C4)alkyl which may
optionally bear up to 3 substituents independently
selected from l.l.cl) halogen; 1.1.c2) OR11 wherein
R11 represents H or (d-C 3)alkyl; and 1.1.c3) NR12R13
in which R12 and R13 are independently H or -(Q-C
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 or (Q-C
3)alkyl;l.l.e) -C(O)-NR 16R17 wherein R16 represents H
or (Ci-C3)aLkyl which may optionally bear halogen; and
R17 represents H or -(CrC4)alkyl which is optionally
substituted with l.l.el) halogen; 1.1.e5) -OR18
wherein R18 represents H or (d-C 3)alkyl which may
optionally bear halogen; or 1.1.e6) -NR19R20 in which
R19 and R20 are independently H or -(C1-C3)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 (C1-C3)alkyl;
Ui) -N(R22)-C(O)-R 23 wherein R22 represents H or
(C1-C3)alkyl; and R23 represents optionally
substituted phenyl, or (Q-COalkyl; l.l.g) -SO2NR28R29
wherein R28 represents H or (C1-C3)alkyl which may
optionally bear halogen; and R29 represents H or
-(C1-C4)alkyl which is optionally substituted with:
l.l.gl) halogen; I.l.g4) -SO2CH3 ; 1.1.g5) -OR30
wherein R30 represents H or (C1-C3) yI which may
optionally bear halogen; or l.l.g ) -NR3 1R32 in which
R31 and R32 are independently H or -(C1-C3)alkyl which
may optionally bear halogen, or R and R 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 NR33
wherein R33 represents H or (CrC 3)alkyl; LLh)
-N(R34)-SO2-R35 wherein R34 represents H or
(Q-C^alkyl, and R35 represents optionally substituted
phenyl, or (Q-GOalkyl 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 (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
optionally contain a ring member selected from O, S,
and NR43 wherein R43 represents H or (C1-C3)alkyl;
LLj) halogen; 1.1.1) NO2 ; LLm) CN ; and LLn) an
imidazole, thiazole, oxazole, pyridine, pyrazole,
pyrimidine, isoxazole, isothiazole, thiophene, or
furan; 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) (CrC
4)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
(C1-C3)alkyl which may optionally bear halogen;1.2.a3)
-NR 46R47 in which R46 and R47 are independently H or
-(d-C 3)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 (Q-C^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; -(C3-C6)cycloalkyl; or -(Q-C-Oalkyl which may
optionally bear up to 3 



substituents independently selected from 1.2.cl)
halogen; 1.2.e) -C(O)-NR56R57wherein R56 represents H
or (Q-C^alkyl which may optionally bear halogen; and
R57 represents H or -(d-C 4)alkyl which is optionally
substituted with 1.2.el) halogen; or 1.2.e5) -OR58
wherein R58 represents H or (Q-C 3)alkyl which may
optionally bear halogen; 1.2.f)-N(R 62)-C(O)-R63
wherein R62 represents H or (Ci-C3)alkyl; and R
represents optionally substituted phenyl, or (Q-C
4)alkyl; 1.2.g) -SO2NR68R69 wherein R68 represents H
or (Ci-C3)alkyl which may optionally bear halogen;
andR69 represents H or -(C 1-C4)alkyl which is
optionally substituted with 1.2.gl) halogen; or
1.2.g5) -OR70 wherein R70 represents H or (C1-C3)alkyl
which may optionally bear halogen; 1.2.h) -N(R 74)-SO
2-R75 wherein R74 represents H or (Ci-C 3)alkyl, and
R75 represents optionally substituted phenyl, or
(Q-GOalkyl 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 (Cr 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 (C1-C3)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; R
represents halogen; -(C 1-C5)alkyl which may
optionally bear halogen; or -O(C -C3)alkyl which may
optionally bear halogen; R represents 3.1)
-(Ci-C5)alkyl which is optionally substituted with
3.La) -halogen;3.1.c) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N, optionally substituted with halogen or -(C
1-C3)alkyl; 3.1.d) -CN; 3.1.e) -OR83 wherein R83
represents H or -(C r C3)alkyl which may optionally
bear up to 3 substituents independently selected from
3.LeI) halogen; or 3.1.e4) OR84 wherein R84 represents
H or (Ci-C 3)alkyl which may optionally bear halogen;
3.1.f) -(C3-C5)cycloalkyl which may optionally bear
halogen; or 3.Lg) -NR 89R90 wherein R represents H or
-(C 1-C3)alkyl which may optionally bear halogen; and
R90 represents H or -(C 1-GOaUCyI which is optionally
substituted with 3.LgI) halogen; 3.1.g4) -SO 2CH3 ;
3.1.g5) -OR 91 wherein R9 1 represents H or
(C1-C3)alkyl which may optionally bear halogen; or
3.1.g7) R89 and R90 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 NR95
wherein R95 represents H or (Ci-C 3)alkyl; OI l 3.2)
wherein R96 represents 3.2.b) -(C3-C5)cycloalkyl which
may optionally bear halogen; or3.2.c) -(C1-C5)alkyl
which may optionally bear up to 3 substituents
independently selected from 3.2.cl) halogen; and
3.2.c5) -OR97 wherein R97 represents H or (C C3)alkyl
which may optionally bear halogen; OI l I C QR101 3.3)
wherein R101 represents H or -(C1-C5)alkyl; n R
represents H or -(Ci-C 3)alkyl which may optionally
bear halogen; and R103 represents H or -(C 1-C5)alkyl
which may optionally bear up to 3 substituents
independently selected from 3.4.a) halogen; 3.4.d)
-S(O)2CH3 ; and 3.4.e) OR104 wherein R104 represents H
or (Ci-C3)alkyl which may optionally bear halogen;
3.7) halogen; or 3.8) -CN; R4 represents 4.1) -(C1
C5)alkyl which is optionally substituted with 4.La)
-(C3-Cs)cycloalkyl which may optionally bear halogen
or OR109 wherein R109 represents H or (Ci-C 3)alkyl;
4.1.b) -halogen; 4.Lc) -OR110 wherein R110 represents
H or -(Q-QOalkyl which may optionally bear up to 3
substituents independently selected from 4.LcI)
halogen;4.1.c2) phenyl; 4.1.c4) OR111 wherein R 111
represents H or (C1-C3)OIlCyI which may optionally
bear halogen; and 4.1.c5) -NR 112R113 in which R112
and R113 are independently H or -(C 1-C3 IlCyI 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 -(C
1-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 R
117 represents H or (C1-C3)alkyl which may optionally
bear halogen; and 4.1.d4) -NR 118R119 in which R118
and R 119 are independently H or -(C 1-C3)alkyl which
may optionally bear halogen, or R118 and R 119 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 R 120 represents H or (Ci-C 3)alkyl;
or 4.Lf) a 5-6 membered aromatic heterocycle
containing up to two heteroatoms selected from O, S,
and N;4.2) R121 represents -(d-C 3)alkyl which may
optionally bear halogen or -OR 122 in which R122
represents H or -(C1-C3) yI; d represents 1, 2, or 3;
e represents 0 or 1; f represents 0, 1, or 2; 4.3) R
represents -(C 1-C3)alkyl which may optionally bear
halogen or-OR 12 in which R124 represents H or
-(C1-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 -(Q-C 3)alkyl which in turn is
optionally substituted with halogen; 4.4.c) -SO2R127
wherein R127 represents optionally substituted phenyl,
or -(Q-C^alkyl which may optionally bear halogen or
OR128 wherein R128 represents H or (C1-C3)alkyl; AAA)
-C(O)R129 wherein R129 represents 4.4.d1) optionally
substituted phenyl, 4.4.d2) -(Ci-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 (Ci-C3)alkyl which may
optionally bear halogen; and 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 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 (C1-C3)alkyl;
4.4.d3) -OR 134 wherein R134 represents (d-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)alkyl; and j represents 1, 2,
or 3; 4.5) wherein X represents C or N; R
represents4.5.a) (C!-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
-(C1-C3)mono- or di-alkylamino; 4.5.a3) -NR140R141 in
which R140 and R141 are independently H or
-(C1-C3)alkyl which may optionally bear halogen or
OR141a wherein R141a represents H or (CrC 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 (Ci-C )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 (Ci-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 (Ci-C3)mono- or dialkylamino; and
4.5.c3) NR146R147 in which R146 and R1473 are
independently H or -(C1-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 optionallycontain 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-GOalkyl 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
(C1-C3)alkyl which may optionally bear halogen; or
4.5.e6) -NR153R154 in which R153 and R154 are
independently H or -(CrC 3)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 (Cr
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 (d-C 3)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 ringmember
selected from O, S, and NR161 wherein R 161 represents
H or (C1-C3)OIlCyI; 4.5.g) -SO2NR162R163 wherein R162
represents H or (C1-C3)EIlCyI which may optionally
bear halogen; and R163 represents H or -(Ci-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 (CrC 3)alkyl which may
optionally bear halogen; or 4.5.g6) -NR 165R166 in
which R165 and R166 are independently H or -(Ci-C
3)alkyl which may optionally bear halogen, or R165 and
R 166 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 167 wherein R 167 represents H or
(Cr C3)alkyl; 4.5.h) -N(R 168)-SO 2-R169 wherein
R168represents H or (C1-C3)alkyl, and R1 9 represents
H, optionally substituted phenyl, or (Q-GOalkyl which
is optionally substituted with 4.5.hl) halogen,
4.5.h2) optionally substituted phenyl, 4.5.h3) OR170
wherein R170 represents H or (Ci-C 3)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 R173 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
(C1-C3)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 optionally contain
a ring member selected from O, S, and NR176 wherein
R176 represents H or (C 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 0, 1, or
2; 4.6) wherein R177 represents H or -(C1-C3)alkyl;
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; 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 (C1-C3)alkyl optionally substituted
with halogen; 4.9.c) -SO2R180 wherein R180 represents
optionally substitutued phenyl or -(Q-C^alkyl, which
may be substituted with halogen or -OR 181 wherein
R181 represents H or (C1-C3)alkyl which may optionally
bear halogen; 4.9.d) -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.dl) halogen; 4.9.d2) optionally
substituted phenyl; 4.9.d4) OR183 wherein R183
represents H or (Ci-C3)alkyl which may optionally bear
halogen; and 4.9.d5) -NR 184R185 in which R184 and
R185 are independently H or -(C1-C3)alkyl which may
optionally bear halogen or OR185a wherein R185a
represents H or (Q-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 NR186 wherein R186 represents H or (C1-C3)alkyl;
4.9e) -C(O)OR187 wherein R187 represents (Ci-C3)alkyl;
or 4.9.f) -C(O)-NR188R189 wherein R188 and R189 each
independently represents H or -(Q-C 3)alkyl 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 (Cr 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) -(CrC
3)alkyl which may optionally bear halogen or-OR 192 in
which R192 represents H or (Ci-C3)alkyl; 4.10c)
-SO2R193 wherein R193 represents phenyl or -(C
-C3)alkyl, both of which may be substituted with
halogen or -(CrC 3)alkyl; 4.10.d) -C(O)R194 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.d4) OR195
wherein R195 represents H or (C1-C3)alkyl which may
optionally bear halogen; and 4.10.d5) -NR 196R197 in
which R196 and R197 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen or
OR197a wherein R197a represents H or (C1-C3)alkyl, or
R196 and R 7 may be joined and taken together with the
N atom to which they are attached form a 5-6 membered
ring which may optionally containa ring member
selected from O, S, and NR198 wherein R represents H
or (d-C 3)alkyl; 4.10.e) -C(O)OR199 wherein R199
represents (C1-C3)alkyl; or 4,lO.f) -C(O)-NR200R201
wherein R200 and R201 each independently represents H
or -(Q-C^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 (Q-C^alkyl; and X represents O, S,
S(O)2 , or NR203 wherein R203 represents H or -(CrC
3)alkyl; and t represents O, 1, or 2; 4.11) halogen;
or 4.12) -CN; or a pharmaceutically acceptable salt
thereof. In embodiment five, the present invention
provides a compound of formula (I) R1 (I), wherein R1
represents 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
(Ci-C3)alkyl which may optionally bear halogen;
1.1.a3) -NR6R7 in which R6 and R7 are independently H
or -(C1-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
(Q-C^alkyl; and 1.1.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-GOalkyl which may
optionally bear up to 3 substituents independently
selected from l.l.cl) halogen; 1.1.c2) OR1 wherein R1
represents H or (C1-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;
l.l.e) -C(O)-NR16R17 wherein R16 represents H or (CrC
3)alkyl which may optionally bear halogen; and R17
represents H or -(Q-GOalkyl which is optionally
substituted withl.l.el) halogen; 1.1.e5) -OR18 wherein
R18 represents H or (C1-C3)alkyl which may optionally
bear halogen; or 1.1.e6) -NR19R20 in which R19 and R20
are independently H or -(C1-C3)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 NR21
wherein R21 represents H or (Ci-C3)alkyl; l.l.f)
-N(R22)-C(O)-R23 wherein R22 represents H or (CrC
3)alkyl; and R23 represents optionally substituted
phenyl, or (Ci-C alkyl; l.l.g) -SO2NR28R29 wherein R28
represents H or (Ci-C3)alkyl which may optionally bear
halogen; and R29 represents H or -(Ci-C4)alkyl which
is optionally substituted with: l.l.gl) halogen;
I.l.g4) -SO2CH3 ; 1.1.g5) -OR30 wherein R30 represents
H or (Cr C3)alkyl which may optionally bear halogen;
or l.l.g ) -NR31R32 in which R31 and R32 are
independently H or -(C1-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 (C1-C3)alkyl; l.Lh) -N(R34)-SO2-R35
wherein R34 represents H or (d-C 3)alkyl, andR
represents optionally substituted phenyl, or
(C1-C^aIlCyI which is optionally substituted with
1.1.hi) halogen; LLi)-NR 40R4 1 in which R40 and R4 1
are independently H or -(CrC 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 (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; 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) (Q-C
4)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 (Cr
C3)alkyl which may optionally bear halogen; 1.2.a3)
-NR 46R47 in which R46 and R47 are independently H or
-(C 1-C )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 ringmember
selected from O, S, and NR48 wherein R48 represents H
or (d-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; -(C3-C6)cycloalkyl; or -(C!-C4)alkyl which may
optionally bear up to 3 substituents independently
selected from 1.2.cl) halogen; 1.2.e)
-C(O)-NR56R57wherein R56 represents H or (C C3)alkyl
which may optionally bear halogen; and R57 represents
H or -(CrC 4)alkyl which is optionally substituted
with 1.2.el) halogen; or 1.2.e5) -OR58 wherein R58
represents H or (Ci-C 3)alkyl which may optionally
bear halogen; 1.2.f)-N(R62)-C(O)-R 63 wherein R62
represents H or (CrC 3)alkyl; and R63 represents
optionally substituted phenyl, or (d-C 4)alkyl; 1.2.g)
-SO2NR68R69 wherein R68 represents H or (Q-C^alkyl
which may optionally bear halogen; and R69 represents
H or -(CrC 4)alkyl which is optionally substituted
with 1.2.gl) halogen; or 1.2.g5) -OR70 wherein R70
represents H or (Cr C3)alkyl which may optionally bear
halogen; or 1.2.h) -N(R74)-SO2-R75 whereinR74
represents H or (CrC 3)alkyl, and R75 represents
optionally substituted phenyl, or (Q-C^alkyl which is
optionally substituted with 1.2.hl) halogen; 1.2J)-NR
80R8 1 in which R80 and R81 are independently H or
-(CrC 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 (C1-C3)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; R represents halogen; -(Q-Cs^lkyl
which may optionally bear halogen; or -O(C -C3)alkyl
which may optionally bear halogen; R3 represents 3.1)
-(C r C5)alkyl which is optionally substituted with
3.1.a) -halogen; 3.Lb) phenyl optionally substituted
with halogen, -(Ci-C 3)alkyl, or -(C C3)alkoxy, 3.1.c)
a 5-6 membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N, optionally
substituted with halogen or -(C 1-C3)alkyl, 3.1.d)
-CN,3.1.e) -OR 83 wherein R83 represents H or -(C
1-C3)BIlCyI which may optionally bear up to 3
substituents independently selected from 3.1.el)
halogen; 3.1.e2) optionally substituted phenyl;
3.1.e3) -S(O) 2CH3 ; 3.1.e4) OR84 wherein R84
represents H or (Cr C3)alkyl which may optionally bear
halogen or -(C 1-C3)monoor di-alkylamino; and 3.1.e5)
-NR 85R86 in which R85 and R86 are independently H or
-(CrC 3)alkyl which may optionally bear halogen, or
R85 and R86 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 NR87 wherein R87 represents H
or (C1-C )alkyl; 3.1.f) -(C 3-Cs)cycloalkyl which may
optionally bear halogen; or 3.Lg) -NR 89R90 wherein
R89 represents H or -(CrC 3)alkyl which may optionally
bear halogen; and R90 represents H or -(Ci-C 4)alkyl
which is optionally substituted with 



3.LgI) halogen; 3.1.g2) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.1.g3) phenyl; 3.1.g4) -SO 2CH3 ; 3.1.g5) -OR9
1 wherein R91 represents H or (Q-C 3)alkyl which may
optionally bear halogen; or3.1.g6) -NR92R93 in which
R92 and R93 are independently H or -(Ci-C 3)alkyl
which may optionally bear halogen, or R92 and R93 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 NR94 wherein R94 represents H or (Q-C^alkyl; or
3.1.g7) R89 and R90 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 NR95
wherein R95 represents H or (C1-C3)alkyl; OI l
t--C--pj96 3.2) wherein R96 represents 3.2.a) H,
3.2.b) -(C3-C5)cycloalkyl which may optionally bear
halogen; or 3.2.c) -(Q-Cs^lkyl which may optionally
bear up to 3 substituents independently selected from
3.2.cl) halogen; 3.2.c2) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.2.c3) phenyl; 3.2.c5) -OR97 wherein R97
represents H or (Cr C3)alkyl which may optionally bear
halogen or -(C 1-C3)InOnO- or di-alkylamino; and
3.2.c6) -NR 98R99 in which R98 and R99 are
independently H or -(C!-C3)alkyl which may optionally
bear halogen or OR99a wherein R99a represents H or
(C1-C3)alkyl, orR98 and R99 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 NR100 wherein
R100 represents H or (Ci-C3)alkyl; OI lC - OR101 3.3)
wherein R101 represents H or -(Ci-C5)alkyl which may
optionally bear up to 3 substituents independently
selected from 3.3.a) halogen; and 3.3.b) phenyl; n
1(Y) R represents H or -(Q-C 3)alkyl which may
optionally bear halogen; and R103 represents H or -(C
1-C5)alkyl which may optionally bear up to 3
substituents independently selected from 3.4.a)
halogen; 3.4.b) a 5-6 membered heteroaromatic
containing up to two heteroatoms selected from O, S,
and N; 3.4.c) phenyl; 3.4.d) -S(O)2CH3 ; 3.4.e) OR104
wherein R104 represents H or (C C3)alkyl which may
optionally bear halogen; and 3.4.f) -NR 105R106 in
which R105 and R106 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen, or
R105 and R106 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 NR107 wherein R107
represents H or (C1-C3)alkyl; 3.6) a 5-6 membered
heteroaromatic containing up to two heteroatoms
selected from O, S, and N; 3.7) halogen; or 3.8) -CN;
R4 represents 4.1) -(C1-C5)alkyl which is optionally
substituted with 4.1.b) -halogen; 4.1.C) -OR110
wherein R110 represents H or -(C r C3)alkyl which may
optionally bear up to 3 substituents independently
selected from 4.1.cl) halogen; and 4.1.c5) -NR 112R113
in which R112 and R113 are independently H or -(Ci-C
3)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 (Q-C
3)alkyl; or 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 (Cr C3)alkyl which may optionally bear
halogen; and 4.1.d4) -NR 118R119 in which R118 and
R119 are independently H or -(Ci-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 (Q-C 3)alkyl;
4.2) R121 represents -(C 1-C3)alkyl which may
optionally bear halogen; 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; 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) -(Ci-C 3)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)R 129 wherein
R represents 4AdI) optionally substituted phenyl,
4.4.d2) -(C 1-Cs)EIlCyI which may optionally bear up
to 3 substituents independently selected from
4.4.d2.1) halogen; and 4.4.d2.4) -OR 130 wherein R130
represents H or (Q-C 3)alkyl which may optionally bear
halogen; 4.4.d3) -OR 134 wherein R134 represents (Cr
C3)alkyl; or 4.4.d4) NR135R136 wherein R135 and R136
are independently H or -(Q-C^alkyl which may
optionally bear halogen; and j represents 1, 2, or 3;
4.5) wherein X represents C or N; R represents 4.5. a)
(CrC 4)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; and
4.5.a3) -NR 140R141 in which R140 and R141 are
independently H or -(C 1-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 (Q-C^alkyl;
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 (Q-C^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; and 4.5.c3)
NR146R147 in which R146 and R1473 are independently H
or -(CrC 3)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 (Ci-C3)alkyl which may
optionally bear halogen; and R151 represents H or
-(Q-GOalkyl which is optionally substituted with
4.5.el) halogen; or 4.5.e6) -NR153R154 in which R153
and R154 are independently H or -(Q-C^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 (C1-C3)alkyl;
4.5.f) -N(R 156)-C(O)-R 157 whereinR156 represents H
or (CrC 3)alkyl; and R157 represents H, optionally
substituted phenyl, or (Ci-C4)alkyl; 4.5.g)
-SO2NR162R163 wherein R162 represents H or
(C1-C3)alkyl which may optionally bear halogen; and
R163 represents H or -(Q-G^alkyl which is optionally
substituted with 4.5.gl) halogen; or 4.5.g6)
-NR165R166 in which R165 and R166 are independently H
or -(CrC 3)alkyl which may optionally bear halogen, or
R1 5 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(R168)-SO2-R169
wherein R168represents H or (Q-C 3)alkyl, and R1 9
represents H, optionally substituted phenyl, or (CrC
4)alkyl which is optionally substituted with 4.5.hl)
halogen; or 4.5.h4) NR171R172 wherein R171 and R172
are independently H or -(d-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 R173 represents H or (C1-C3)alkyl;
4.5J)-NR 174R175 in which R174 and R175 are
independently H or -(C1-C3)alkyl which may optionally
bear halogen or OR175a wherein R175a represents H or
(Ci-C3)alkyl, or R174 and R175may 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) an imidazole,
thiazole, oxazole, pyridine, pyrazole, pyrimidine,
isoxazole, isothiazole, thiophene, or furan; and k
represents 0, 1, or 2; 4.6) wherein R ' ' represents H
or -(C1-C3)alkyl; 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 0, 1, or 2; -(CH2 - N \ 4.8) N- wherein q
represents 1, 2, or 3; 1 R represents 4.9.a) H; 4.9.b)
-(C -C3)alkyl which may optionally bear halogen;
4.9.c) -SO2R180 wherein R180 represents optionally
substituted phenyl or -(Ci-C3)alkyl, which may be
substituted with halogen; 4.9.d) -C(O)R182 wherein
R182 represents optionally substituted phenyl or -(C
1-C3)alkyl which mayoptionally bear up to 3
substituents independently selected from 4.9.dl)
halogen; and 4.9.d4) OR183 wherein R183 represents H
or (C1-C3)alkyl which may optionally bear halogen;
4.9e) -C(O)OR 187 wherein R187 represents (d-C
3)alkyl; or 4.9.f) -C(O)-NR 188R189 wherein R188 and
R189 each independently represents H or -(CrC 3)alkyl
which may optionally bear halogen; r represents O, 1,
or 2; and s represents 0 or 1; wherein R191 represents
4.10.a) H; 4.lO.b) -(C 1-C3)alkyl which may optionally
bear halogen; 4.10c) -SO2R193 wherein R193 represents
phenyl or -(C 1-Cs)alkyl, both of which may be
substituted with halogen; 4.10.d) -C(O)R194 wherein
R194 represents (C C3)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 (CrC 3)alkyl which may
optionally bear halogen; 4.10.e) -C(O)OR 199 wherein
R199 represents (C1-C3)alkyl; or4.10.f)-C(O)-NR
200R201 wherein R200 and R201 each independently
represents H or -(Cj-C3)alkyl which may optionally
bear halogen; X represents O, S, S(O)2 , or NR203
wherein R203 represents H or -(C r C3)alkyl; and t
represents 0, 1, or 2; 4.11) halogen; or 4.12) -CN; or
a pharmaceutically acceptable salt thereof. In
embodiment six, the present invention provides a
compound of formula (I) (T), wherein 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 substituents independently
selected from 1.1.al) halogen; 1. 1.a2) OR5 wherein R5
represents H or (Cr C3)alkyl which may optionally bear
halogen; 1.1.a3) -NR6R7 in which R6 and R7 are
independently H or -(Q-C^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 NR wherein R
represents H or (C!-C3)alkyl; and1.1.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 wherein R10 represents H; phenyl;
benzyl; (C3-C )cycloalkyl; or (Ci-C4)alkyl which may
optionally bear up to 3 substituents independently
selected from l.l.cl) halogen; 1.1.c2) OR11 wherein
R11 represents H or (C1-C3)alkyl; and 1.1.c3) NR12R13
in which R12 and R13 are independently H 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 or
(Ci-C3)alkyl; l.l.e) -C(O)-NR16R17 wherein R1
represents H or (Q-C^alkyl which may optionally bear
halogen; and R17 represents H or -(C1-C4)alkyl which
is optionally substituted with l.l.el) halogen;
1.1.e5) -OR18 wherein R18 represents H or (Ci-C3)alkyl
which may optionally bear halogen; or 1.1.e6) -NR19R20
in which R19 and R20 are independently H or
-(Ci-C3)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 ringmember
selected from O, S, and NR2 1 wherein R2 1 represents
H or (C1-C3)alkyl; 1.1.f) -N(R22)-C(O)-R23 wherein R22
represents H or (C1-C3)alkyl; and R23 represents
optionally substituted phenyl, or (Q-GOalkyl; l.l.g)
-SO2NR28R29 wherein R28 represents H or (C1-C3)alkyl
which may optionally bear halogen; and R29 represents
H or -(C1-C^aIlCyI which is optionally substituted
with: l.l.gl) halogen; I.l.g4) -SO2CH3 ; 1.1.g5) -OR30
wherein R30 represents H or (d-C 3)alkyl which may
optionally bear halogen; or 1. l.g b) -NR31R32 in
which R3 1 and R32 are independently H or
-(Ci-C3)alkyl which may optionally bear halogen, or R
and 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 NR33 wherein R33 represents H or (Ci-C
3)alkyl; 1.1.h) -N(R34)-SO2-R35 wherein R34 represents
H or (C1-C3)alkyl, and R35 represents optionally
substituted phenyl, or (Q-GOalkyl which is optionally
substituted with l.l.hl) halogen; 1.Li)-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 (Q-Csjalkyl;
l.l.j) halogen; 1.1.1) NO2 ; l.l.m) CN ; and 1.1.n) an
imidazole, thiazole, oxazole, pyridine, pyrazole,
pyrimidine, isoxazole, isothiazole, thiophene, or
furan; 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)
(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
(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 R4 and R 7 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 (CrC 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 whereinR50 represents H;
phenyl; benzyl; -(C3-C6)cycloalkyl; or -(Ci-C4)alkyl
which may optionally bear up to 3 substituents
independently selected from 1.2.cl) halogen; 1.2.e)
-C(O)-NR56R57wherein R56 represents H or (C1-C3)alkyl
which may optionally bear halogen; and R57 represents
H or -(Q-C 4)alkyl which is optionally substituted
with 1.2.el) halogen; or 1.2.e5) -OR58 wherein R58
represents H or (Cr C3)alkyl which may optionally bear
halogen; 1.2.f)-N(R62)-C(O)-R63 wherein R62 represents
H or (CrC 3)alkyl; and R represents optionally
substituted phenyl, or (Q-GOalkyl; 1.2.g) -SO2NR68R69
wherein R68 represents H or (Ci-C3)alkyl which may
optionally bear halogen; and R69 represents H or -(CrC
4)alkyl which is optionally substituted with 1.2.gl)
halogen; or 1.2.g5) -OR70 wherein R70 represents H or
(C1-C3)alkyl which may optionally bear halogen; 1.2.h)
-N(R74)-SO2-R75 wherein R74 represents H or
(Ci-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
~(CrC 3)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 areattached form a 5-6 membered
ring which may optionally contain a ring member
selected from O, S, and NR82 wherein R82 represents H
or (C1-C3)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; R represents halogen; -(C
1-Cs)alkyl which may optionally bear halogen; or -O(C
1-C3)alkyl which may optionally bear halogen; R3
represents 3.1) -(C -C5)alkyl which is optionally
substituted with 3.1.a) -halogen; 3.1.c) a 5-6
membered heteroaromatic containing up to two
heteroatoms selected from O, S, and N, optionally
substituted with halogen or -(CrC 3)alkyl, 3.Ld) -CN,
3.1.e) -OR83 wherein R83 represents H or -(Q-C^alkyl
which may optionally bear up to 3 substituents
independently selected from 3.1.el) halogen; and
3.1.e4) OR84 wherein R84 represents H or (Ci-C 3)alkyl
which may optionally bear halogen; 3.Lf)
-(C3-C5)cycloalkyl which may optionally bear halogen;
or 3.Lg) -NR89R90 wherein R89 represents H or
-(Q-C^alkyl which may optionally bear halogen; and R90
represents H or -(Q-GOalkyl which is optionally
substituted with3.1.gl) halogen; 3.1.g4) -SO2CH3 ;
3.1.g5) -OR9 1 wherein R9 1 represents H or (CrC
3)alkyl which may optionally bear halogen; or 3.1.g7)
R89 and R90 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 NR95
wherein R95 represents H or (C C3)alkyl; O 1 1 R96
3.2) wherein R96 represents 3.2.b) -(C3-C5)cycloalkyl
which may optionally bear halogen; or 3.2.c)
-(Ci-C5)alkyl which may optionally bear up to 3
substituents independently selected from 3.2.cl)
halogen; and 3.2.c5) -OR97 wherein R97 represents H or
(Cr C3)alkyl which may optionally bear halogen; OI l
OR101 3.3) wherein R101 represents H or -(C1-C5)alkyl;
O 3.4) NR102R103 wuherein R102 represents H or -(C
1-C3)alkyl which may optionally bear halogen; and R
represents H or -(C 1-Cs)alkyl which may optionally
bear up to 3 substituents independently selected from
3.4.a) halogen;3.4.d) -S(O)2CH3 ; and 3.4.e) OR104
wherein R104 represents H or (Cr C3)alkyl which may
optionally bear halogen; 3.6) a 5-6 membered aromatic
heterocycle selected from imidazole, thiazole,
oxazole, pyridine, pyrazole, pyrimidine, isoxazole,
isothiazole, thiophene, and furan; 3.7) halogen; or
3.8) -CN; R4 represents 4.1) -(d-C 5)alkyl which is
optionally substituted with 4.1.b) -halogen; 4.Lc)
-OR110 wherein R110 represents H or -(Q-C^alkyl which
may optionally bear up to 3 substituents independently
selected from 4.1.cl) halogen; and 4.1.c5) -NR 112R113
in which R112 and R113 are independently H or
-(Q-C^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 (C -C3)alkyl; or 4.Ld) -NR115R116 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.LdI) 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^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 3)alkyl; 4.2) R121
represents -(C C3)alkyl which may optionally bear
halogen; 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; g
represents 1, 2, or 3; h represents 0, 1, or 2;
-(CHs)-N W 25 4.4) - wherein R125 represents 4.4.a) H;
4.4.b) -(C 1-C3)alkyl which may optionally bear
halogen; 4.4.c) -SO2R127 wherein R127 represents '
optionally substituted phenyl, or -(Ci-C3)alkyl which
may optionally bear halogen;4.4.d) -C(O)R129 wherein
R199 represents 4.4.dl) optionally substituted phenyl,
4.4.d2) -(d-C 3)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 (C1-C3)alkyl which may optionally bear halogen;
4.4.d3) -OR 134 wherbin R134 represents (C1-C3) yI; or
4.4.d4) NR135R136 wherein R135 and R136 are
independently H or -(Ci-C3)alkyl which may optionally
bear halogen; and j represents 1, 2, or 3; 4.5)
wherein X represents C or N; R138 represents 4.5.a)
(Ci-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-C3)alkyl which may optionally bear halogen; and
4.5.a3) -NR140R141 in which R140 and R141 are
independently H or -(C 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;
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 (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 (C1-C3)alkyl; and
4.5.c3) NR146R147 in which R146 and R1473 are
independently H or -(Q-C^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 (CrC 3)alkyl; 4.5.e)
-C(O)-NR150R151 wherein R150 represents H or
(C1-C3)alkyl which may optionally bear halogen; and
R151 represents H or -(Q-GOalkyl which is optionally
substituted with 4.5.el) 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 (C1-C3)alkyl; 4.5.f) -N(R156)-C(O)-R
157 whereinR156 represents H or (d-C 3)alkyl; and R157
represents H, optionally substituted phenyl, or
(d-GOalkyl; 4.5.g) -SO2NR162R163 wherein R162
represents H or (Ci-C3)alkyl which may optionally bear
halogen; and R163 represents H or -(C!-C4)alkyl which
is optionally substituted with 4.5.gl) 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 (Q^alkyl; 4.5.h)
-N(R168)-SO2-R169 wherein R168represents H or (Q-C
3)alkyl, and R169 represents H, optionally substituted
phenyl, or (CrC 4)alkyl which is optionally
substituted with 4.5.M) 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 (C1-C3)alkyl; 4.5J)-NR 174R175 in
which R174 and R175 are independently H or -(Q-C
3)alkyl which may optionally bear halogen or OR175a
wherein R175a represents H or (Q-C 3)alkyl, or R174
and R175may 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 (C C3)alkyl; 4.5.j) halogen; 4.5.I)NO2 ; 4.5.m)
CN ; or 4.5.n) a 5-6 membered aromatic heterocycle
selected from imidazole, thiazole, oxazole, pyridine,
pyrazole, pyrimidine, isoxazole, isothiazole,
thiophene, and furan; and k represents 0, 1, or 2;
4.6) wherein R177 represents H or -(Ci-C3)alkyl; and m
represents 1, 2, or 3; -(CH2)- N 4.7) " //S(O)Pm
wherein n represents 1, 2, or 3; and p represents 0,
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; 4.9.c) -SO2R180
wherein R180 represents optionally substitutued phenyl
or -(Q-C^alkyl, which may be substituted with halogen;
4.9.d) -C(O)R182 wherein R182 represents optionally
substituted phenyl or -(Q-C^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)alkyl which may optionally bear
halogen; 4.9e) -C(O)OR187 wherein R187 represents
(C1-C3)alkyl; or 4.9.f) -C(O)-NR188R189 wherein R188
and R189 each independently represents H or
-(Q-C^alkyl which may optionally bear halogen; r
represents O, 1, or 2; and s represents 0 or 1;
wherein R191 represents 4.10.a) H; 4.lO.b) -(C
1-C3)alkyl which may optionally bear halogen; 4.10c)
-SO2R193 wherein R193 represents phenyl or
-(C1-C3)alkyl, both of which may be substituted with
halogen; 4.10.d) -C(O)R194 wherein R194 represents (C
C3)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 (Q-C 3)alkyl which may optionally
bear halogen;4.10.e) -C(O)OR 199 wherein R199
represents (Q-C^alkyl; or 4.1Cf)-C(O)-NR 200R201
wherein R200 and R201 each independently represents H
or -(C 1-C3)alkyl which may optionally bear halogen; X
represents O, S, S(O)2 , or NR203 wherein R203
represents H or -(C C3)alkyl; and t represents O, 1,
or 2; 4.11) halogen; or 4.12) -CN; or a
pharmaceutically acceptable salt thereof. In
embodiment seven, the present invention provides a
compound of formula (I) (I), wherein R1 represents
1.1) phenyl which may optionally bear up to 4
substituents independently selected from the group
consisting of 1.1.a) (C1-C OaIkVl, which may
optionally bear up to 3 substituents independently
selected from 1.1.al) halogen; l.l.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, or
(Q-C-Oalkyl which may optionally bear up to 3
substituents independently selected from l.l.cl)
halogen;1.Li)-NR 40R4 1 in which R40 and R4 1 are
independently H or -(Q-C^alkyl which may optionally
bear halogen; 1.1.j ) halogen; 1.1.1) NO2 ; and l.l.m)
CN ; or R1 represents 1.2) a 5-6 membered aromatic
heterocycle selected from thiazole, oxazole, pyridine,
pyrazole, pyrimidine, isoxazole, isothiazole, and
thiophene; said R1 heterocycle optionally bearing up
to 4 substituents independently selected from the
group consisting of 1.2.a) (C1-C ^IlCyI, which may
optionally bear up to 3 substituents independently
selected from 1.2.al) halogen; 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
-(CrC 4)alkyl which may optionally bear up to 3
substituents independently selected from 1.2.cl)
halogen; 1.2.i)-NR 80R81 in which R80 and R81 are
independently H or -(CrC 3)alkyl which may optionally
bear halogen; 1.2.j) halogen; 1.2.k) optionally
substituted phenyl; 1.2.1) NO2 ; and 1.2.m) CN ; R2
represents halogen or -(C 1-C5)alkyl;R represents 3.1)
-(Q-CsJalkyl which is optionally substituted with
3.1.a) -halogen; 3.1.d) -CN; or 3.Le) -OR83 wherein
R83 represents H or -(C C3)alkyl which may optionally
bear up to 3 substituents independently selected from
3.LeI) halogen; 3.Lg) -NR89R90 wherein R89 represents
H; and R90 represents -(C1-C4)alkyl which is
optionally substituted with -OR91 wherein R91
represents H or (C1-C3)alkyl; OI l 3.2) wherein R96
represents 3.2.b) -(C3-C5)cycloalkyl which may
optionally bear halogen; or 3.2.c) -(C1-C5)alkyl; OI l
--CC- OR101 3.3) p wherein R101 represents H or -(Cr
C5)alkyl; 3.4) wherein R102 represents H or -(CrC
3)alkyl which may optionally bear halogen; and R
represents H or -(Q-Cs^lkyl which may optionally bear
up to 3 substituents independently selected from
3.4.a) halogen; 3.6) a 5-6 membered aromatic
heterocycle selected from imidazole, thiazole,
oxazole, pyrazole, isoxazole, and isothiazole;3.7)
halogen; or 3.8) -CN; R4 represents 4.1) -(C1-C5)alkyl
which is optionally substituted with 4.1.b) -halogen;
4.1.c) -OR110 wherein R110 represents H or -(Q-C
3)alkyl which may optionally bear up to 3 substituents
independently selected from 4.1.cl) halogen; or 4.Ld)
-NR115R116 wherein R115 represents H or -(Q-C^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.d3)
OR117 wherein R117 represents H or (Q-C^alkyl which
may optionally bear halogen; and 4.1.d4) -NR 118R119
in which R118 and R119 are independently H or
-(C1-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 1Of) wherein R
represents H or (Q-C^alkyl;4.2) R121 represents -(C
1-C3)alkyl which may optionally bear halogen; 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; g
represents 1, 2, or 3; h represents 0, 1, or 2; -(CH
2)- N NR125 4.4) - wherein R125 represents 4.4.a) H;
4.4.b) -(C 1-C3)alkyl; 4.4.c) -SO2R127 wherein R127
represents optionally substituted phenyl, or -(CrC
3)alkyl; 4.4.d) -C(O)R129 wherein R129 represents
4.4.d2) -(CrC 3)alkyl which may optionally bear
4.4.d2.4) -OR130 wherein R130 represents H or
(Ci-C3)alkyl; 4.4.d3) -OR 134 wherein R134 represents
(Ci-C3)alkyl; or 4.4.d4) NR135R136 wherein R135 and
R136 are independently H or -(C1-C3) ; and j
represents 1, 2, or 3; 4.5) whereinX represents C or
N; R represents 4.5.a) (Q-C^alkyl, which may
optionally bear up to 3 substituents independently
selected from 4.5.al) halogen; 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, or
(CrC 4)alkyl which may optionally bear up to 3
substituents independently selected from 4.5.cl)
halogen; 4.5.i) -NR 174R175 in which R174 and R175 are
independently H or -(C -C3)alkyl which may optionally
bear halogen; 4.5.j) halogen; 4.5.1) NO2 ; or 4.5.m)
CN ; and k represents 0, 1, or 2; 4.6) wherein R177
represents H or -(C1-C3)alkyl; 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 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; 4.9.c) -SO2R180 wherein R180
represents -(Cr C3)alkyl; 4.9.d) -C(O)R 182 wherein
R182 represents -(C C3)alkyl which may optionally bear
up to 3 substituents independently selected from
4.9.d4) OR183 wherein R183 represents H or (Cr
C3)alkyl; 4.9e) -C(O)OR 187 wherein R187 represents (C
C3)alkyl; or 4.9.Q-C(O)-NR 188R189 wherein R188 and
R189 each independently represents H or -(C1-C CyI; r
represents O, 1, or 2; and s represents 0 or 1; - (C H
2).\/ - \ X NR191 4.10) - wherein R191 represents
4.10.a) H; 4.10.b) -(C 1-C3)alkyl; 4.10c) -SO2R193
wherein R193 represents -(C C3)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.d4) OR195 wherein R195 represents H
or (Ci-C 3)alkyl; 4.10.e) -C(O)OR 199 wherein R199
represents (Ci-C 3)alkyl; or4.lO.f)-C(O)-NR200R201
wherein R200 and R201 each independently represents H
or -(C1-C3)alkyl; X represents O, S, S(O)2 , or NR203
wherein R203 represents H or and t represents 0, 1, or
2; 4.11) halogen; or 4.12) -CN; or a pharmaceutically
acceptable salt thereof. An intermediate which is
useful in the synthesis of the compounds of the
invention has the general formula shown below as Ql
wherein R represents H or (C1-C5)alkyl; and R2
represents halogen; -(CrC 5)alkyl which may optionally
bear halogen; or -O(CrC 3)alkyl which may optionally
bear halogen. A second intermediate which is useful in
the synthesis of the compounds of the invention has
the general formula shown below as Q2 wherein G
represents halogen, (C1-C5)alkyl, -CN, -C(O)O(C
1-C5)alkyl, or -C(O)H. 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," / . 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 likedimethyl, 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
puiposes 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, n-pentyl and n-hexyl. The term "cycloalkyl"
refers to saturatated carbocyclic groups. Preferred
cycloalkyl groups include C3-C6 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
-diethylamino, -ethyl- -methylamino,
N-methyl-N-n-propylaniino, Nisopropyl-
N-n-propylamino, N-t-butyl- -methylamino,
N-ethyl-N-n-pentylamino and N-nhexyl- N-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-dimethylaminocarbonyl, N,Ndiethylaminocarbonyl,
N-ethyl-N-methylaminocarbonyl,
N-methyl-N-n-propylaminocarbonyl,N-isopropyl-N-n-propy
laminocarbonyl, N-t-butyl-N-methylaminocarbonyl,
N-ethyl~N-npentylamino- carbonyl and
N-n-hexyl-N-methylaminocarbonyl. The term
"alkylaniinosulfonyl" refers to an aminosulfonyl
radical having one or two (independently selected)
alkyl substitutents on the amino moiety,
illustratively representing methylaminosulfonyl,
ethylaminosulfonyl, n-propylaminosulfonyl,
isopropylaminosulfonyl, tert-butylaminosulfonyl,
n-pentylaminosulfonyl, n-hexyl-aminosulfonyl,
N,Ndimethylaminosulfonyl, N, -diemylaminosulfonyl,
N-emyl-N-methylaminosulfonyl, Nmethyl-
N-n-propylaminosulfonyl,
N-isopropyl-N-n-propylaminosulfonyl,
-t-butyl-Nmethylaminosulfonyl,
N-ethyl-N-n-pentylaminosulfonyl and N-n-hexyl-
N-methylaminosulfonyl. The term "alkylsulfonylamino"
refers to a sulfonylamino radical having an alkyl
substitutent on the sulfonylamino moiety,
illustratively representing methylsulfonylamino,
ethylsulfonylamino, n-propylsulfonylamino,
isopropylsulfonylamino, tert-butylsulfonylamino,
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, pyi midine, 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 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 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(r)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 (C1-C3)alkyl;alkoxy such
as O(CrC 3)alkyl; CN; cycloalkyl; heteroaryl;
heterocyclyl; amino; alkylamino such as mono- or di-
(CrC 3)alkylamino; acylamino wherein for example the
acyl group is -C(O)(Ci-C 3)alkyl or -C(O)phenyl
alkoxycarbonyl; CN; NO2; alkynyl; alkenyl; C(O)NH2;
C(O)NH(C1-C3)alkyl; C(O)N((Cr C3)alkyl)2;
C(O)NH-phenyl; -NHC(O)NH 2 ; 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 nomenclature would 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 art 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 chepy 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, soybean
oil, sesame oil, cottonseed oil, corn oil, olive oil,
petrolatum and mineral oil. Suitable fatty acids
include oleic acid, stearic acid, isostearic acid and
myristic 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(oxyefhylene-oxyrropylene)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
hydrophilelipophile 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 whichmay be a naturally
occurring phosphatide such as lecithin, a condensation
product of an alkylene 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. In addition,
sterile fixed oils are conventionally employed as
solvents or suspending media. For this puipose, 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 devices
for 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 drug 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 incoiporated 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 propellants (examples
include but are not limited to carbon dioxide, CCl2F2,
F2ClC-CClF2 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, benz}d 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, FD&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); humectants (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/rnL 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 IV bolus 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 AIDS-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,
overexpression of the gene or polypeptide; gene
amplification; mutations which produce
constitutively-active 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 toxicity tests 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
particularcompound 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 of doses 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 therapiesThe
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, medroxyprogesterone
acetate, 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, sparfosic 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, dSLEVI, 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-IOO, 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 drug
regimens in the 11th 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, daunorubicin, doxorubicin (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 aminoglutethimide,
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-3 1 nuclear magnetic resonance
spectroscopy AcOH acetic acid (Ac)2O acetic anhydride
abs absolute aq aqueousap approximate atm atmosphere
br broad BOP benzotriazole-
1-yloxy-tris(dimethylamino)pho hexafluorophosphate Bu
butyl ACN acetonitrile Ac2O acetic anhydride AcOH
acetic acid Celite(r) brand of diatomaceous earth from
Celite Corp. CD3CN acetonitrile- ?3 CD3OD methanol-^ d
doublet DCE dichloroethane DCM dichloromethane dd
double doublet DIBAL diisobutylaluminum hydride DMF L
-dimethylformamide DMSO dimethylsulfoxide DMSO-J 6
dimethyldsulfoxide-<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) HPLC high
performance liquid chromatography Hz hertz J NMR
coupling constantL liter(s) LCMS liquid
chromatography-mass spectrometry LHMDS lithium
hexamethyldisilazide L-Selectride lithium
tri-sec-butylborohydride M molar Me methyl MeOH
methanol mg milligram(s) MHz megahertz min minute(s)
mL milliliter mmol millimole MPLC medium pressure
liquid chromatography MS mass spectrometry Ms
methanesulfonyl N normal nM nanomolar Pr propyl py-BOP
benzotriazol-1-yl-oxytripyrrolidineophosponium
hexafluorophosphate q quartet Ra-Ni Raney-Nickel 



R/ TLC retention factor Rochelle's potassium sodium
tartrate salt RP Reverse phase RPMI Roswell Park
Memorial Institute RT retention time rt room
temperature S singlet t triplet TEA triethylamine TFA
trifluoroacetic acidTHF 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 Varian(r)
Mercury-plus spectrometers. The samples were dissolved
in deuterated solvents. Chemical shifts were recorded
on the ppm scale and were referenced to the
appropriate solvent signals, such as 2.49 ppm for
DMSO-d6, 1.93 ppm for CD3CN, 3.30 ppm for CD3OD, 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 Dm). 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 in acetonirile with 0.02% TFA.
Gradient elution from 10% B to 90% B over 3.0 minutes
at aflow 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
Dm). 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 Dm). 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 ionsin 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 niL/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 2O 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 detailedparticular 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
Transformations, 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 Reagents for 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 Hansch; 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
(EJeilstein), 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 0C 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 R1,
R2, R3 and R4 are identical to those described above.
Reaction Scheme 1 illustrates a general method of
preparing compounds of formula I from the
corresponding anilino compounds of formula 1-1 by
methods of urea formation well known in the art. Thus,
reaction of anilines of formula- 1 with either an
isocyanate of formula 1-2 or preferably a carbamate of
formula 1-3, generally in an inert solvent, provides
compounds of formula I-1 directly.Reaction Scheme 1
Reaction Scheme 2 outlines an alternate method for
preparing compounds of formula I, starting from
bromides of formula 2-1, where PG is an optional
protecting group known in the art (or alternatively
NHPG = NO2) . Thus, Suzuki reaction of 2-1 with
boronates of formula 2-3 under conditions well known
in the art provides compounds of formula I.
Alternatively, Suzuki reactions of boronatse of
formula 2-3 under conditions well known in the art
provides anilino-compounds of formula 1-1. Such
compounds can be converted to the ureas of Formula I
by reaction with isocyanates of formula 1-2 or
carbamates of formula 1-3, as described in Scheme 1.
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).Reaction Scheme 2
2-4 2-5 Reaction Schemes 3 outlines the preparation of
intermediates of general formula 3- 8, but where R has
been replaced by H and R3 is described as a carboxylic
acid derivative (e.g an ester). Thus, beginning with
4-nitrocinnamate compounds of formula 5-5, treatment
with isocyanide reagents of formula 3-1 in the
presence of a strong base such as lithium
hexamethyldisilazide or the like in an aprotic solvent
such as THF or the like provides pyrroles of formula
3-2. Formylation of 3-2 under Vilsmeier conditions
well known in the art (e.g., DMF, POCl3) gives
2-formylpyrrole compounds of formula 3-3. Compounds of
formula 3-3 are converted to nitriles of Formula 3-4
by reaction with hydroxylamine hydrochloride in a
solvent such as pyridine to form an intermediate
oxime, which is dehydrated in situ to provide the
nitrile, using a reagent such as acetic anhydride or
the like. Compounds of formula 3-4 are iV-aminated
using a strong base such as NaH or the like and an
aminating reagent such as (Ph)2P(O)-O-NH2 (compound
3-5) or the like, to provide Namino nitriles of
formula 3-6. Reaction of 3-6 with formamide provides
pyrrolotriazine intermediates of formula 3-7.
Selective reduction of the nitro substituent of the
phenyl ringcan be acomplished by many methods known to
those skilled in the art, (e.g.Raney nickel or tin(H)
chloride) providing intermediates of formula 3-8.
Reaction Scheme 3 5-5 strong base, aprotic solvent
formamide Schemes 4 outlines the preparation of
intermediates of formula 3-7, where R4 has been
replaced by H and R is described as a carboxylic acid
derivative (e.g an ester). Thus, treatment of with
b-ketoesters of formula 4-1 with N,N-dimethylformamide
dimethylacetal or the like provides compounds of
formula 4-2. Reaction of 4-2 with compounds offormula
4-4 in the presence of an acid such as AcOH followed
by an acid such as trifluoroacetic or the like
provides pyrolles of formula 4-5. Treatment of 4-5
with a reagent such as phosphorous oxychloride
provides compounds of formula 4-6. Compounds of
formula 4-6 are N~aminated using a strong base such as
NaH or the like and an animating reagent such as
(Ph)2P(O)-O-NH2 (compound 3-5) or the like, to provide
Namino nitriles of formula 4-7. Cyclization of 4-7 can
be affected by treatment with a formamiding derivative
such as formamidine acetate or the like in a solvent
such as EtOH to provide pyrrolotriazine intermediates
of formula 3-7. The cinnamates of formula 5-5 are
either commercially available or can be prepared as
shown in Reaction Scheme 5. In this sequence,
substituted nitrotoluenes of formula 5-1 are oxidized
with a reagent such as potassium permanganate or the
like to give the corresponding acids of formula 5-2.
This acid can in turn be reduced to alcohols of
formula 5-3 with a reducing agent such as borane or
the like in a suitable solvent such as THF or the
like. Treatment of these compounds with an oxidizing
reagent such as the Dess-Martin periodinane provides
aldehydes of formula 5-4. Wadsworth-Emmons type
reaction of 5-4 using (EtO)2P(O)CH2CO2Et or the like
and a strong base such as LiH or the like provides
cinnamates of formula 5-5.Reaction Scheme 4 4-2 AcOH;
then TFA 4-4 3-7Reaction Scheme 5 oxidation 5-4 5-5
Reaction Scheme 6 outlines a preparation of
intermediate compounds of general formula 6-7, where
E3 is descibed as a subset of R3, E4 is defined as a
subset of R4 which also includes H, and G1 is
described as NH2, NHPG, NO2 or NH(CO)NHR1. Thus,
treatment of pyrrole 6-1 (where PG is an optional
protecting group such as 2,2-
(trimethylsilyl)ethoxymethyl) with an appropriate
electrophile E3 (e.g. chlorosulfonyl isocyanate) under
conditions well known to those familiar with the art,
provides compounds of formula 6-2. Treatment of 6-2
with a brominating reagent such as 1,3-
dibromo-5,5-dimethylhydantoin or the like, in a
solvent, such as DMF or the like, provides dibromides
of formula 6-3. Regioselective metallation of 6-3 with
an organometallic reagent such as ra-butyllithium or
the like in a solvent such as THF or the like,
followed by addition of an appropriate electrophile E4
(e.g. substituted alkyl halide or simply a proton)
provides substituted pyrolles of formula 6-4.
Compounds of formula 6-4 are N-aminated using a strong
base such as NaH or the like and an animating reagent
such as (Ph)2P(O)-O-NH2 (compound 3-5) or the like, to
provide -amino nitriles of formula 6-6 If necessary,
the protecting group (PG) can be removed first using
methods well known to those versed in the ait.
Treatment of 6-6 with a reagent such as formamidine
preferably in the presence of a base such as potassium
carbonate provides compounds of formula 6-7.Reaction
Scheme 6 6-5 Reaction Scheme 7 outlines a preparation
of intermediate compounds of general formula 7-8.
These compounds are described as having the same
general structure as compounds 2-1, but here G3 is
defined as a subset of R3 and E4 is defined as a
subset of R4. Treatment of a suitably protected (e.g.
a protecting group well known to those skilled in the
art) hydrazine derivative with a 2,5-dialkoxy
tetrahydrofuran derivative in the presence of an acid,
such as HCl or the like in a solvent such as
1,4-dioxane or the like provides the protected
aminopyrrole derivative 7-1. Cyanation using
chlorosulfonyl isocyanate in a solvent such as
acetonitrile or the like provides 2-cyano derivatives
of formula 7-2. Treatment of 6-2 with a brominating
reagent such as l,3-dibromo-5,5-dimethylhydantoin or
the like, in a solvent, such as DMF or the like,
provides bromides of formula 7-3, which upon
deprotection (using procedures/reagents known in the
art) liberate aminopyrrole products of formula 7-4.
Reaction of 7-4 with a formamidine reagent in the
presence of a base such as potassium phosphate or the
like in a solvent such as ethanol or similarprovides
compounds of structure 7-5. Reaction of 7-5 with
organometallic reagents, (e.g. methylzinc chloride)
under palladium catalyzed conditions well known to
those skilled in the art, providescompounds of formula
7-6. Reaction of 7-6 with an appropriate electrophile
ET (e.g. Mannich conditions) provides compounds of
formula 7-7. Bromination of 7-7 with brominating
reagent, such as l,3-dibromo-5,5-dimethylhydantoin or
another appropriate agent in an appropriate solvent,
such as DMF or the like, and provides 7-8. The
following schemes demonstrate the interconversion of
compounds of formula 6-7 and 7-8 to yield a variety of
functionalities. Reaction Scheme 7 H2N-NHBQC /T CSI \
O / O O N CN N NHPG ISIHPG 7-2 7-1 bromination 7-5 7-6
Reaction Scheme 8 describes methods in which the R
functionality can be introduced and modified into a
variety of functionalities, where G1 is defined as -NH
2, NO2, NH(CO)NHR1, or NHPG and G2 is defined as in
Scheme 8 and where Z4 is defined as an aryl or
heteroaryl group. Beginning with compounds of formula
8-1, treatment withwith an appropriate brominating
reagent, such as l,3-dibromo-5,5-dimethylhydantoin or
the like, in a solvent, such as DMF or the like,
provides bromide compounds of formula 8-2. Bromides of
formula 8-2 can be further funclionalized in several
ways. First, Suzuki reaction of 1-2 with aryl boronic
acids under conditions well known in the art provides
compounds of formula 8-3. Alternatively, treatment of
8-2 with cyanide salts such as copper(c) cyanide or
the like in a solvent such as DMF or the like provides
cyano compounds of formula 8-4. Similarly, metallation
of 8-2 by treatment with an organometallic such as
"-butyllithium or the like, followed by treatment with
an electrophile such as DMF or the like, provides
aldehydes of formula 8-5. Reaction Scheme 8 8-3
Reaction Scheme 9 describes the preparation of ketone
compounds of formula 9-2, where G2 is defined as above
in Scheme 8. Thus, treatment of compounds of formula
8-5 with an organometallic such as a Grignard reagent
or the like, in an appropriate solventsuch as THF or
the like provides alcohols of formula 9-1. Oxidation
of these compounds with a reagent such as the
Dess-Martin periodinane or the like in a solvent such
as TKGF provides ketones of formula 9-2. Reaction
Scheme 9 Reaction Scheme 10 outlines some of the ways
in which functionality at the R4 position cam be
introduced and modified. In all cases G2 is defined as
above in Scheme 8. Thus, treatment of compounds of
formula 8-5 with a reducing agent, preferably DIBAL-H,
in a solvent such as THF or the like will provide
primaiy alcohols of formula 10-1. Halogenation of 10-1
with a reagent such as thionyl chloride or the like in
a suitable solvent such as CH2Cl2 provides oc-halo
compounds of formula 10-2 (X = Cl, Br or I). Treatment
of 10-2 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 10-3. Alternatively, treatment of 10-2 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 10-4. Compounds of formula 10-4 can be
directly prepared from 8-5 by treatment with an amine,
such as a primary or secondary (cyclic or acyclic)
amine, under reductive amination conditions well know
in the ait (sodium triacetoxyborohydride, e.g.).
Compounds of formula 10-4 can also be prepared
directly from compounds of formula 10- 5 using Mannich
conditions, such as by treatment with an amine, such
as a primary or secondary (cyclic or acyclic) amine,
and formaldehyde in a solvent such as acetic acid or
the like.Reaction Scheme 10 reducing agent Reaction
Scheme 1 1 outlines the preparation of compounds of
11-6 wherein R4 is described as a heteroatom
functionality attached to a 2 carbon linker and G2 is
defined as above in Scheme 8. Metallation of compounds
of formula 11-1 with an organometallic reagent such as
isospropylmagnesium chloride or the like in the
presence of an in situ protecting group such as
chlortrimethylsilane or the like followed by treatment
with Weinreb amide 11-2 provides a-haloketones of
formula 11-3. These compounds can be converted to
compounds of formula 11-4 by treatment with a
nucleophile Nu, wherein Nu is defined as an amine,
such as a primary or secondary (cyclic or acyclic)
amine, or as an alcohol, 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. Treatment of 11-4
with a reducing agent such as DIBAL-H or the like in a
solvent such as THF or the like provides compounds of
formula 11-5. These compounds can be converted to
their reduced analogs of formula 11-7 by a variety of
methods familiar to those skilled in the art. For
example, activation of 11-5 with a halogenating agent
such as thionyl chloride or the like in a suitable
solvent such as CH2Cl2 or the like provides chlorides
of formula 11- 6. These compounds can in turn be
reduced to compounds of formula 11-7 by treatmentwith
a suitable reducing agent such as lithium
triethylborohydride or the like in a suitable solvent
such as THF or the like. Alternatively, compounds of
formula 11-5 can be reduced under H2 gas in the
presence of a suitable catalyst such as palladium on
carbon using methods well known in the art. Reaction
Scheme 11 TMSCI, iPrMgCI chloiination Reaction Scheme
12 outlines the preparation of compounds of formula
12-5 wherein R4 is described as an heteroatom
functionality connected by a 3 or 4 carbon linker and
G2 is defined as above in Scheme 8. Metallation of
compounds of formula 8-2 with an organometallic
reagent such as isospropylmagnesium chloride or the
like in the presence of an in situ protecting group
such as chlortrimethylsilane or the like followed by
treatment with an aldehyde of formula 12-1 (where PG =
a suitable protecting group, e.g. a trialkylsilyl
group) provides alcohols of formula 12-2. Conversion
of 12-2 to compounds of formula 12-3 can be effected
by treatment with triethylsilane in the presence of an
acidsuch as trifluoracetic acid or the like or by a
two step procedure analogous to that described
previously in Scheme 11. The protecting groups (PG)
used until this point in the sequence can then be
removed under various well-precedented procedures
(acid-catalyzed removal of trialkylsilanes, e.g.), to
provide alcohols of formula 12-3. Conversion of 12-3
to compounds of formula 12-4 (where LG is a suitable
leaving group, e.g. Cl) can be carried out by methods
known in the art. Compounds of formula 12-5 are
prepared by treatment of 12-4 with various
nucleophiles (e.g., Nu = ROH or HDSfR' 2) in an
appropriate solvent such as DMF or the like and in the
presense of a base such as potassium carbonate or the
like. Reaction Scheme 12 Reaction Scheme 13 outlines
some methods for the modification of the R
functionality, wherein G2 is defined as above in
Scheme 8 and G4 is defined as R4 or H. Thus, treatment
of esters of formula 13-1 with a reducing agent such
as diisobutylaluminium hydride or the like in a
solvent such as THF or the like provides compounds of
structure 13-2. Oxidation of these to the aldehyde
using Dess-Martin periodinane or the like in a solvent
such as THF or the like provides compounds of
formula13-3. Such aldehydes can be converted to cyano
compounds of formula 13-4 by treatment with
hydroxylamine and a reagent such as acetic anhydride
or the like in a solvent such as pyridine or the like.
Alternatively, hydrolysis of 13-1 with a base such as
sodium hydroxide or the like in a solvent such as
ethanol or the like provides acids of formula 13-5.
These compounds can be treated with amines, such as a
primary or secondary (cyclic or acyclic) amine, and a
peptide coupling reagent such as py-BOP or the like in
a solvent such as DMF to provide amides of formula
13-6. Reaction Scheme 13 Reaction Scheme 14 outlines
some methods for the modification of the R
functionality, wherein G2 is defined as above in
Scheme 8 and G4 is defined as R4 or H. Thus, compounds
of formula 13-2 can be converted to the cooresponding
fluorides of formula 14-1 by treatment with a suitable
fluorinating reagent such as Deoxo-Fluor(tm) or the
like in a suitable solvent such as THF or the like.
Aldehydes of formula 13-3 can be converted to
difluoride compounds of formula 14-2 using analogous
procedures. Alternatively, treatment of 13-3 with
organometallic reagents such as a Grignard reagent or
the like in a suitable solvent such as THF or the
like, followed by oxidation of the intermediate
alcohol by treatment with a reagent such as the
Dess-Martin periodinane or the like provides ketones
of formula 14-3. As in the previous examples, ketones
of formula 14-3 can be converted to fluorides of
formula 14-4 via treatment with a suitable
fluorinating agent such as Deoxo-Fluor(tm) or the
like.Reaction Scheme 14 Reaction Scheme 15 outlines
some methods for the modification of the R3
functionality, wherein G2 is defined as above in
Scheme 8 and G4 is defined as R4 or H. Treatment of
compounds of formula 13-2 with a chlorinating agent
such as thionyl chloride or the like in a suitable
solvent such as CH2Cl or the like provides chlorides
of formula 15- 1. Treatment of 15-1 with an
appropriate nucleophile (wherein Nu = R2NH, ROH, CN ,
RSH) in the presence of a suitable base such as Hunigs
base or the like in a solvent such as DMF or the like
provides compounds of formula 15-2. Alternatively,
treatment of 15-1 with a reducing agent such a lithium
triethylborohydride or the like in a suitable solvent
such as THF or the like provides compounds of formula
15-3. Treatment of 15-1 with an amine, such as a
primary or secondary (cyclic or acyclic) amine, in the
presence of a suitable base such as potassium
carbonate or the like or a tertiary amine, such as
Hunig's base or the like provides compounds of formula
15-4. Alternatively, amines of formula 15-4 can be
prepared from the cooresponding aldehydes of formula
13-3 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.Reaction
Scheme 15 15-2 Reaction Scheme 16 outlines some
methods for the modification of the R3 functionality,
wherein G2 is defined as above in Scheme 8 and G4 is
defined as R4 or H. Thus, treatment of 13-3 with
(p-tolylsulfonyl)methyl isocyanate or the like in the
presence of a base such as sodium hydride or the like
in a suitable solvent such as THF or the like provides
oxazole compounds of formula 16-1. Treatment of 13-3
with a Grignard reagent or the like in a suitable
solvent such as THF or the like provides alcohols of
formula 16-2. Oxidation of 16-2 with a reagent such as
the Dess-Martin periodinane or the like in a solvent
such as THF or the like provides ketones of formula
16-3. Alternatively, treatment of amides of formula
16-2 with organometallics such as Grignard reagents
under similar conditions provides ketones of formula
16-3 directly.Reaction Scheme 16 Reaction Scheme 17
outlines methods for the preparation of compounds of
formula 17- 5, wherein G2 is defined as above in
Scheme 8. Thus, reaction of compounds of formula 8- 2
with an appropriate terminal acetylene of formula 17-1
(wherein X = H or a suitable protecting groups such as
a trialkylsilane) in presence of a Pd(E) catalyst, a
Cu(I) cocatalyst and an amine base such as pyrrolidine
or triethylamine or the like, in a solvent such as DMF
or the like provides compounds of formula 17-2.
Reduction of the triple bond using hydrogen gas in the
presence of a metal catalyst such as PtO or the like
in a solvent such as acetic acid or the like provides
compounds of formula 17-3. Conversion of 17-3 to
compounds of formula 17-4 (where LG is a suitable
leaving group) can be carried out by methods known in
the art. If necessary, a protecting group (PG) can be
removed by methods known in the art prior to the
conversion to 17-4. Treatment of 17-4 with a primary
or secondary amine, or a primary alcohol, in the
presence of a suitable base such as potassium
phosphate or the like or a tertiary amine, such as
Hunigs Base or the like provides compounds of formula
17-5.Scheme 17 Reaction Scheme 18 describes the
preparation of compounds of formula 18-5 (R4 =
unsubstituted piperidine, pyrollidine or azetadine) or
18-6 (R5 = optionally substituted piperidine,
pyrollidine or azetadine) wherein G2 is defined as
above in Scheme 8. Treatment of compound 8-2 with a
boronate such as 18-1 under conditions well known in
the art provides the appropriately protected
di-dehydrocyclic amines of formula 18-3.
Alternatively, such protected amines can be prepared
by conversion of 8-2 to a Grignard reagent, which can
be carried out by reaction with an appropriate
Grignard reagent such as isopropylmagnesium chloride,
in the presence of a temporary protecting agent such
as trimethylsilyl chloride in a solvent such as THF.
This Grignard reagent formed from 8-2 is reacted with
a protected piperidone of formula 18-2 to provide,
after an electrophilic workup which eliminates the
intermediate hydroxy compound, compounds of formula
18- 3. Reduction of the double bond of 18-3 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 18-4. Deprotection
of 18-4 using procedures well known in the art (acid
catalyzed deprotection of BOC carbamate, e.g.)
provides compounds of formula 18-5. Reaction of
compounds of formula 18-4 with an appropriate
alkylating agent such as ethylene carbonate in the
presence of a suitable base such as sodium hydroxide
provides compoundsof the formula 18-6. Compounds of
formula 18-6 are also prepared by treatment of
compounds of the formula 18-5 with an aldehyde such as
formaldehyde and the like and a reducing agent such as
sodium triacetoxyborohydri.de or the like in a solvent
such as 1,2- dichloroethane or the like. Compounds of
formula 18-6 can also be prepared by the reaction of
the amines of formula 18-5 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 TEDF, dichloromethane, or
others. Scheme 18 B Deprotection n = 0, 1 18-5 m = 0,
1 18-6 Reaction Scheme 19 describes the preparation of
compounds of formula 19-2, where Z3 is defined as a
subset of R3 containing aryl and heteroaryl
functionalities, G2 is defined as above in Scheme 8
and G4 is defined as R4 or H.. Such compounds can be
prepared by reaction of bromides of formula 19-1 with
boronates or bonronic acids offormula H3-B(OR)2 under
Suzuki coupling conditions well known to those versed
in the art. Alternatively, carbonyl compounds of
formula 19-3 (R = alkyl or H) can be converted to
compounds of formula 19-3 using many routes well known
to those versed in the art (as shown in Scheme 16,
e.g.) Reaction Scheme 19 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 entirety. Preparation of
Intermediates Intermediate A: Preparation of ethyl
5-cyano-4-(nitrophenyl)-l -pyrrole-3- carboxylate
Preparation 1Step 1: Preparation of 2-aminomalonamide
A 5L 4-neck round bottomed flask equipped with an over
head stirrer was charged with commercially available
diethyl amino malonate hydrochloride (338 g, 1.596
mol). 7N ammonia in MeOH (2 L) was removed from the
freezer and added cold in one portion. All of the
inlet ports were covered with plastic caps. Over 1 h
the reaction mixture turned to a clear yellow color.
The flask was vented once with no observable increase
in pressure. The mixture was allowed to stir over
night. A precipitate had formed, which was isolated by
filtration. The powder was washed with MeOH (500 mL).
The light yellow powder was dried over night in vacuo
to provide diamide 2 (170 g, 1.45 mol, 91% yield).
Step 2: Preparation of ethyl
3-(dimethyIamino)-2-(4-nitrobenzoyl)acrylate To a
solution of Ethyl 4-nitro benzoylacetate (50 g,
210.8mmol) in toluene (500 mL) was added
dimethylformamide dimethyl acetal (42.3 mL, 316.2
mmol). The reaction was heated to 80 0C over night.
The mixture was concentrated in vacuo and purified by
flash column chromatography (100% Hexane to 10%EtOAc;
90% Hexane until non-polar impurities were removed,
then 75% EtOAc; 25% Hex to 100% EtOAc for product) to
provide a yellow solid in 87% yield (54 g, 184.8
mmol). 1H-NMR (DMSO-J6) d 8.26-8.22(m, 2H), 7.78 (s,
IH), 7.75-7.73 (m, 2H), 3.83 (q, J = 7.2 Hz, 2H), 3.27
(br s, 3H), 2.69 (br s, 3H), 0.83 (t, J = 7.2, 3H);
LCMS RT = 2.80 min; MS {M+H]+ = 292.9. Step 3:
Preparation of title ethyl
5-(aminocarbonyl)-4-(4-nitrophenyl)-lH-pyrrole-3-
carboxylate A 3 L round bottomed flask was charged
with ethyl 3-(dimethylamino)-2-(4-
nitrobenzoyl)acrylate (63.59 g, 217.5 mmol) and
2-aminomalonamide (33.12 g, 282.8 mmol) and AcOH (800
mL). The reaction mixture was heated to 80 0C over
night. The starting material appeared consumed by TLC.
The AcOH was removed under reduced pressure and TFA
(400 mL) was added. The mixture was heated over night
at 60 0C. The reaction was cooled to room temperature
and the TFA was removed under reduced pressure. The
orange oil was washed with saturated aqueous NaHCO ( 1
L) and solid NaHCO3 was added until the solution was
neutral. The solids were filtered and placed in a 1 L
erlenmeyer flask. The solids were washed with H2O (3 x
IL) and the water was decanted off through the filter.
On the last washing the solids were poured onto the
filter and allowed to air dry. The solids were once
again removed from the filter and washed with Et2O (4
x 500 mL). The Et2O was decanted off through the
filter and on the final washing the solids were
transferred to the filter. An addition portion of Et2O
(200 mL) was used to wash the flask and the filter
cake. The product was dried in a vacuum oven at 40 0C
over P2O5 for 4 h affording ethyl
5-(aminocarbonyl)-4-(4-nitrophenyl)-lH-pyrrole-3-carbo
xylate as a tan solid (55.2 g, 182 mmol, 83.7%).
1H-NMR (DMSO-J 6) d 12.33 (br s, IH), 8.19- 8.15 (m,
2H), 7.57 (d, J = 3.6 Hz, IH), 7.53-7.49 (m, 2H), 7.29
(br s, IH), 6.41 (br s, IH), 3.99 (q, J = 7.2 Hz, 2H),
1.03 (t, J = 7.2 Hz, 3H); LCMS RT = 2.79 min; MS
{M+H]+ = 304.2.Step 4: Preparation of title compound A
solution of ethyl
5-(aminocarbonyl)-4-(4-nitrophenyl)-lH-pyrrole-3-carbo
xylate (55.0 g, 181.3 mmol) in POCl3 (500 mL) was
heated to 70 0C for 2h. TLC analysis indicated that
there was complete conversion of starting material.
Excess POCl3 was removed under reduced pressure and
the remaining solids were poured over ice. The pH was
adjusted to 8 using 5N NaOH and the solution was
filtered. The product was dried over P2O5 under
reduced pressure to afford a light brown solid (50.9
g, 178 mmol) in 98 % yield. 1H-NMR (DMSO-J6) d 12.24
(br s, IH), 8.28-8.24 (m, 2H), 7.89 (d, J =3.2 Hz,
IH), 7.72-7.68 (m, 2H), 4.10 (q, J = 7.2 Hz, 2H), 1.14
(t, J = 7.2 Hz, 3H); LCMS* RT = 4.74 min; MS (M-H] =
284.0. Intermediate A: Preparation of ethyl
5-cyano-4-(nitrophenyl)-l -pyrrole-3- carboxylate
Preparation 2 Step 1: Preparation of ethyl
4-(4-nitrophenyl)-l r-pyrrole-3-carboxylateTo a
solution of IM lithium hexamethyldisilazide in THF
(102.4 mL, 102.4 mmol) cooled to -77 0C was added
l-[(isocyanomethyl)sulfonyl]-4-methylbenzene (20.0 g,
102.4 mmol) as a solution in THF (100 mL) dropwise
over 30 min. The solution was allowed to stir an
additional 15 min, and then ethyl
(2E)-3-(4-nitrophenyl)acrylate was added dropwise
(22.66 g, 102.4 mmol) as a solution in THF (250 mL)
over 1 h. The reaction was allowed to warm to rt over
17 h. Aqueous saturated NaHCO 3 (200 mL) was added to
the reaction mixture followed by EtOAc (500 mL). The
solution was transferred to a separatory funnel, and
the organic layer was collected and washed with H2O
(100 mL). The aqueous layers were back extracted with
EtOAc (2 x 150 mL). The combined organic layers dried
(MgSO4), concentrated onto silica gel, and purified by
flash column chromatography (100% CH2Cl2 ramping to
95:5 v/v CH2Cl2-EtOAc) to afford 16.65 g of the above
compound as an orange/yellow solid (63.98 mmol, yield
62%). 1H-NMR (DMSO-<i6) d 11.78 (br s, IH), 8.19 to
8.15 (m, 2H), 7.76 to 7.73 (m, 2H), 7.57 to 7.56 (m,
IH), 7.22 to 7.21 (m, IH), 4.18 to 4.13 (q, J = 1.1
Hz, 2H), 1.21 (t, J = 7.1 Hz, 3H); LCMS RT = 2.90 min;
TLC R/= 0.47 (95:5 v/v CH2Cl2-EtOAc). Step 2:
Preparation of ethyl 5-formyl-4-(nitrophenyI)-l
-pyrrole-3-carboxylate To a solution of DCE (100 mL)
was added DMF (14.96 mL, 194.4 mmol), which was cooled
in an ice-salt bath. As POCl3 (18.12 mL, 194.4 mmol)
was slowly added a white precipitate formed. The
solution was allowed to warm to rt while vigorously
stirring over 30 min. The slurry was again cooled in
an ice-salt bath. Ethyl 4-(4-nitrophenyl)-l Hpyrrole-
3-carboxylate (46.00 g, 176.8 mmol) was added as a
suspension in DCE (500 mL). The reaction proceeded
while cooling in an ice-salt bath for 1 h, and then
was allowed to warm to rt over 17 h. Sodium Acetate
(79.75 g, 972.2 mmol) in water (600 mL) was then added
to the reaction and the solution was heated to 80 0C
for 1 h. Upon cooling to rt, the solution was
transferred to a separatory funnel and the organic
layer was isolated while the aqueous layer was back
extracted with CH2Cl2 (2 x 150 mL). The combined
organic layerswere dried (MgSO4), filtered, and
concentrated to dryness. The crude material was heated
to reflux in toluene (2 L) and to the hot solution was
added hexanes (200 mL). The solution was allowed to
slowly cool, and over the following 2 days crystals
formed. The crystals were collected, washed with Et2O
(500 mL), and dried under vacuum to afford 



25.53 g of the above compound as golden needles (88.57
mmol, yield 50%). 1H-NMR (DMSO-J 6) 12.94 (br s, IH),
9.29 (d, J = 0.8 Hz, IH), 8.25 to 8.22 (m, 2H), 7.81
(d, J = 2.7 Hz, IH), 7.74 to 7.71 (m, 2H), 4.12 to
4.06 (q, J = 7.1 Hz, 2H), 1.15 to 1.11 (t, J = 7.0 Hz,
3H); LCMS RT = 2.75 min; TLC R/= 0.16 (95:5 v/v
CH2Cl2-EtOAc). Step 3: Preparation of ethyl
5-cyano-4-(nitrophenyl)-l H-pyrrole-3-carboxylate To a
solution of pyridine (400 mL) was added ethyl
5-formyl-4-(nitrophenyl)-l Hpyrrole- 3-carboxylate
(24.55 g, 85.17 mmol) followed by hydroxylamine
hydrochloride (6.51 g, 93.7 mmol). The solution was
stirred at rt for 2 h, acetic anhydride (17.68 mL,
187.4 mmol) was added, and the solution was heated to
80 0C for 17 h. Upon cooling to rt, the reaction
mixture was partially concentrated in vacuo and then
diluted with EtOAc (300 mL) and H2O (300 mL). The
solution was transferred to a separatory funnel, and
the organic layer was isolated while the aqueous
layers were back extracted with EtOAc (2 x 100 mL).
The combined organic layers were dried (Na2SO4),
filtered, and concentrated to dryness. The crude
material was then triturated with CH2Cl2-Et 2O (1:1
v/v, 300 mL). The solid was collected, washed with
Et2O (150 mL), and dried under vacuum to afford 18.94
g of the above compound as a fluffy white solid (66.40
mmol, yield 78%). 1H-NMR (DMSO-J 6) d 13.24 (br s,
IH), 8.30 to 8.27 (m, 2H), 7.92 (s, IH), 7.74 to 7.71
(m, 2H), 4.16 to 4.10 (q, J = 7.2 Hz, 2H), 1.18 to
1.15 (t, J = 7.0 Hz, 3H); LCMS RT = 2.97 min; TLC R/=
0.20 (95:5 v/v CH2Cl2-EtOAc). Intermediate B:
Preparation of ethyl
4-amino-5-(4-nitrophenyl)pyrrolo[2,lf][
l,2,4]triazine-6-carboxyIateStep 1: Preparation of
(aminooxy)(diphenyl)phosphine oxide A 5 L 4-neck round
bottom flask (rbf) fitted with an overhead stirrer & a
thermocouple was charged with; (1) a solution of NaOH
(60.85 g, 1.52 mol, 2.4 eq) in 180 mL water, (2) a
solution of hydroxylamine-HCl (110.12 g, 1.58 mol, 2.5
eq) in 180 mL water and (3) 180 mL dioxane. The
mixture was cooled in an ice/acetone bath to to 0 C.
150 g of ice was added, followed by a precooled (to
about 10 C) solution of diphenylphosphinic chloride
(150.0 g, 0.634 mol, 1 eq) in 180 mL dioxane (added
all at once). The reaction became very thick with a
white precipitate, requiring vigorous stirring. The
internal temperature rose to 22 0C. After 5 additional
minutes stirring (10 minutes maximum) , the reaction
mixture was diluted with 2.5 L of ice cold water and
filterered thru a large fritted funnel (15 cm
diameter). The crude material was left on the frit to
drain for one hour, then transfered back into the 5 L
rbf. The solid was suspended in 500 mL ice cold 0.25N
NaOH solution and vigorously stirred for five minutes
(no more than 10 min), then filterered again, washing
2x with ice cold water and left to dry overnight on
the fritted filter. The partially dried material was
dried for 12 h in a vacuum oven (50 C, 0.1 torr) and
then well crushed with a mortar & pestal. An
additional 16 h of drying in the vacuum oven afforded
122 g (82 %) the above compound as a white powder.
Step 2: Preparation of ethyl
l-amino-5-cyano-4-(nitrophenyl)-l H-pyrrole-3-
carboxylateA 3 L 3 neck round bottomed flask was
fitted with a reflux condenser and overhead stirrer
and charged with ethyl 5-cyano-4-(nitrophenyl)-l
H-pyrrole-3-caiboxylate (20 g, 70.11 mmol). To a
rapidly stirred solution in DMF ( 1 L) was added NaH
(5 x 500 mg, 98 mmol) portion wise over 20 min. The
dark brown solution was allowed to stir for an
additional 10 min. The animating reagent
((aminooxy)(diphenyl)phosphine oxide) was added in one
portion (21.26 g, 91.14 mmol). The reaction mixture
immediately solidified. Upon heating to 60 0C the
solids began to disperse. The mixture was eventually
heated to 80 0C and stirred over night. The reaction
mixture was cooled and the solids were filtered off.
The filter cake was washed with EtOAc (200 mL) and the
filtrate was concentrated in vacuo. The resulting
solid was suspended in Et2O (300 mL) and filtered to
provide a 69% yield of the product (14.37g, 47.86
mmol) as a light tan powder. The product was used
without further purification. 1H-NMR (DMSO-J6) d
8.29-8.24 (m, 2H), 7.72 (s, IH), 7.71- 7.68 (m, 2H),
6.71 (s, 2H), 4.09 (q, / = 7.2 Hz, 2H), 1.12 (t, J =
7.2 Hz, 3H); HPLC RT = 3.15 min. Step 3: Preparation
of the title compound To a stirred suspension of ethyl
l-amino-5-cyano-4-(nitrophenyl)-l H-pyrrole-3-
carboxylate (14.37g, 47.86 mmol) in EtOH (800 mL) was
added formamidinium acetate (40 g, 383 mmol). The
mixture was heated to 80 0C and allowed to stir over
the weekend. The reaction was complete by LCMS. The
reaction mixture was cooled to roomtemperature and
then filtered. The reaction vessel was rinsed with H2O
(200 mL). The filter cake was placed in a beaker and
washed with H2O (300 mL). The yellow suspension was
filtered again and the filter cake was washed with H2O
(2 x 250 mL). The yellow solid was dried over night
under reduced pressure to provide 83% yield of the
title compound (13 g, 39.72 mmol). 1H-NMR (DMSO-^6) d
8.27-8.24 (m, 2H), 8.20 (s, IH), 7.97 (s, IH), 7.66-
7.62 (m, 2H), 4.07 (q, / = 7.2 Hz, 2H), 1.06 (t, J
=7.2 Hz, 3H); LCMS RT = 2.87 min; MS {M+H]+ = 328.2.
Intermediate C: Preparation of ethyl
4-amino-5-(3-fluoro-4-nitrophenyI)-pyrrolo[2,lf][
l,2,4]triazine-6-carboxylate Step 1: Preparation of
3-fluoro-4-nitrobenzoyl chloride To a suspension of
3-fluoro-4-nitrobenzoic acid (30 g, 162.0 mmol) in
toluene (500 mL) was added SOCl2 (35 mL, 486 mmol).
The reaction was heated to 110 0C at which point the
reaction became homogeneous. The reaction was stirred
at 110 0C for 3h. The reaction had not gone to
completion so an additional portion of SOCl2 (10 mL)
was added. The reaction was stirred for an additional
3h. A small amount of starting material remained thus
a final portion of SOCl2 (10 mL) was added and the
reaction was heated for 2 h. The resulting green
solution was cooled to room temperature and allowed to
stand over night. The reaction mixture was filtered
and concentrated in vacuo. Toluene (300 mL) was added
to the resulting oil and removed under reduced
pressure (2x). The product was used without further
purification.Step 2; Preparation of ethyl
3-(3-fluoro-4-nitrophenyl)-3-oxopropanoate A 2L round
bottomed flask was fitted with a mechanical stir motor
and nitrogen inlet. To a 10 0C solution of potassium
3-ethoxy-3-oxopropanoate (55.15 g, 324 mmol) in THF
(500 mL) was added MgCl2 (38.56 g, 405 mmol) and Et3N
(45 mL, 324 mmoL). The reaction mixture was allowed to
warm to 23 0C and stir for 3h. A solution of
3-fluoro-4- nitrobenzoyl chloride (~ 162 mmol) in THF
(200 mL) was added. The reaction turned yellow
instantly and a precipitate formed. THF (200 mL) was
added to ensure that stirring was not impeded. TLC
analysis indicated that the reaction had gone to
completion however the reaction was allowed to stir
over night. The reaction was quenched with 2N HCl (1
L) and extracted with EtOAc (2 x 500 mL). The organic
layer was washed with saturated NaHCO3 (500 mL), H2O
(300 mL) and brine (200 mL). The organic layer was
dried (Na2SO4) and concentrated in vacuo. The desired
product (37.65 g, 147 mmol) was isolated by flash
column chromatography in 91% yield (1:1 Hex EtOAc) as
a yellow solid as a mixture of keto (75%) and enol
(25%) tautomers. 1H-NMR (DMSO-J 6) Keto tautomer d
8.29 (dd, / = 8.6, 7.4 Hz, IH), 8.10 (dd, J = 11.6,
2.0 Hz, IH), 7.94 (m, IH), 4.30 (s, 2H), 4.11 (q, J =
7.2 Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H); Enol tautomer d
12.44 (br s, IH), 8.22 (app t, J = 8.2 Hz, IH), 8.05
(dd, J = 12.6, 2.0 Hz, IH), 7.90 (m, IH), 6.22 (s,
IH), 4.25 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz,
3H); LCMS RT = 3.14 min; MS {M+H]+ = 311.0. Step 3;
Preparation of ethyl
3-(dimethyIamino)-2-(3-fluoro-4-nitrobenzoyl)acrylate
To a solution of ethyl 3-fluoro-4-nitro benzoylacetate
(39.0 g, 153.0 mmol) in toluene (300 mL) was added
dimethylformamide dimethylacetal (30.7 mL, 229.5
mmol).The reaction was heated to 80 0C over night. The
mixture was concentrated in vacuo and purified by
flash column chromatography (100% Hexane to 10% EtOAc;
90% Hexane until non-polar impurities were removed,
then 75% EtOAc; 25% Hex to 100% EtOAc for product) to
provide the desired product as a yellow solid in 95 %
yield (45.21 g, 145.7 mmol). 1H-NMR (DMSO-J6) d 8.17
(dd, J = 8.4, 7.8 Hz, IH), 7.82 (s, IH), 7.62 (dd, J =
11.6, 1.6 Hz, IH), 7.50 (dd, J = 8.4, 1.6 Hz, IH),
3.87 (q, J = 7.2 Hz, 2H), 3.32 (br s, 3H), 2.71 (br s,
IH), 0.89 (t, J = 7.2 Hz, 3H); LCMS* RT = 4.52 min; MS
{M+H]+ = 311.1. Step 4: Preparation of Ethyl
5-(aminocarbonyI)-4-(3-fluoro-4-nitrophenyl)-lHpyrroIe
- 3-carboxylate A 50 mL round bottomed flask was
charged with of ethyl 3-(dimethylamino)-2-(3-
fluoro-4-nitrobenzoyl)acrylate (51.74 g, 166.75 mmol)
and 2-aminomalonamide (23.4 mg, 200 mmol) and AcOH ( 1
L). The reaction mixture was heated to 80 0C over
night. The starting material appeared consumed by TLC.
The AcOH was removed under reduced pressure and TFA
(300 mL) was added. The mixture was heated over night
at 60 0C. The reaction was cooled to room temperature
and the TFA was removed under reduced pressure. The
orange oil was treated with saturated aqueous NaHCO3 (
1 L), then solid NaHCO3 was added until the solution
was neutral. The solids were filtered and placed in a
IL erlenmeyer flask. The solids were washed with H2O
(3 x IL) and the water was decanted off through the
filter. On the last washing the solids were poured
onto the filter and allowed to air dry. The solids
were once again removed from the filter and washed
with Et2O (4 x 500 mL). The Et2O was decanted off
through the filter and on the final washing the solids
were transffered to the filter. An addition portion of
Et2O (200 mL) was used to wash the flask and the
filter cake. The desired product was dried in a vacuum
oven at 40 0C to provide a light tan solid (36.8 g,
114.5 mmol, 69% yield). 1H-NMR (DMSO-J 6) d 12.28 (br
s, IH), 8.07 (app t, J = 8.4 Hz, IH), 7.57 (s, IH),
7.46 (dd, J = 12.6, 1.6 Hz, IH), 7.28(dd, J = 8.4, 1.6
Hz, IH), 7.25 (br s, IH), 6.72 (br s, IH), 4.01 (q, /
= 7.2 Hz, 2H), 1.07 (t, J = 7.2 Hz, 3H); LCMS* RT =
4.45 min; MS (M-H]"= 320.1. Step 5: Preparation of
Ethyl 5-cyano-4-(3-fluoro-4-nitrophenyl)-lH pyrrole-3-
carboxylate A solution of intermediate ethyl
5-(aminocarbonyl)-4-(3-fiuoro-4-nitrophenyl)-lHpyrrole
- 3-carboxylate (36.8 mg, 114.5 mmol) in POCl3 (500
mL) was heated to 70 0C for 2h. TLC analysis indicated
that there was complete conversion of starting
material. Excess POCl3 was removed under reduced
pressure and the remaining solids were poured over
ice. The pH was adjusted to 8 using 5 N NaOH and the
solution was filtered. The product was dried over
night under reduced pressure to afford a light brown
solid (33.85 g, 111.6 mmol) in 97 % yield. 1H-NMR
(DMSO-J 6) d 13.32 (br s, IH), 8.21 (app t, / = 8.4
Hz, IH), 7.90 (s, IH), 7.73 (dd, / = 12.4, 2.0 Hz,
IH), 7.51 (m, IH), 4.13 (q, J = 7.2 Hz, 2H), 1.15 (t,
J = 7.2 Hz, 3H); HPLC RT = 3.16 min. Step 6:
Preparation of Ethyl
l-amino-5-cyano-4-(3-fluoro-4-nitrophenyI)-lH-pyrroIe-
3-carboxylate To a solution of ethyl
5-cyano-4-(3-fluoro-4-nitrophenyl)-lH
pyrrole-3-carboxylate (31.9 g, 105.2 mmol) in DMF (1.5
L) was slowly added NaH (34.54 g, 136.7 mmol). After
the evolution of gas had ceased
(aminooxy)(diphenyl)phosphine oxide (34.4 g,
147.3mmol) was added in one portion. Upon addition of
(aminooxy)(diphenyl)phosphine oxide the reaction
mixture solidified. The reaction mixture was heated to
80 0C during which time the solids broke up and
mixture stirred freely. The reaction was heated for
3h, then cooled and the DMF was removed under reduced
pressure. The remaining slurry was dissolved in EtOAc
(500 mL) and filtered to remove a majority of the
phosphinic acid. The filter cake was washed with EtOAc
and the organics were concentrated in vacuo. The
product was purified by crystallization from hot ACN
to provide a tan solid (24.0 g, 75.31 mmol) in 7 1 %
yield. 1H-NMR (DMSO-J6) d 8.21 (app t, / = 8.4 Hz,
IH), 7.73 (s, IH), 7.71 (dd, J = 12.4, 2.0 Hz, IH),
7.48 (m, IH), 6.72 (s, 2H), 4.11 (q, / = 7.2 Hz, 2H),
1.14 (t, / = 7.2 Hz, 3H). Step 7: Preparation of the
title compound To a suspension of ethyl
l-amino-5-cyano-4-(3-fluoro-4-nitrophenyl)-lH-pyrrole-
3- carboxylate (19.8 g, 62.2 mmol) in EtOH (600 mL)
was added formadine acetate (51.8 g, 497.7 mmol). The
reaction mixture was heated to 70 0C over night. The
reaction was not complete so an additional portion of
formadine acetate (10.0 g, 96.1 mmol) was added. The
reaction mixture was heated to 70 0C for an additional
8 h. The reaction mixture was cooled and the EtOH was
removed under reduced pressure. The remaining solids
were suspended in H2O ( 1 L). The suspension was
filtered to provide the title compound (19.6 g, 56.76
mmol) as a yellow solid in 9 1 % yield. 1H-NMR (DMSO-J
6) d 8.21 (s, IH), 8.19 (app t, J = 8.4 Hz, IH), 7.98
(s, IH), 7.66 (dd, / = 12.4, 2.0 Hz, IH), 7.41 (m,
IH), 4.09 (q, J = 7.2 Hz, 2H), 1.10 (t, / = 7.2 Hz,
3H); LCMS RT = 2.90 min; MS {M+H]+ = 346.0.
Intermediate D: Preparation of methyl
4-bromo-5-cyano-l-{[2-
(trimethylsiIyl)ethoxy]methyl}-lH-pyrrole-3-carboxylat
eJL: Preparation of
4-(trichIoroacetyl)-lH-pyrrole-2-carbonitrile
Trichloracetyl chloride (44.4 g, 27.3 mL, 244 mmol) in
dichloromethane (75 mL) was added over 20 min to a
mechanically stirred suspension of aluminum
trichloride (54.3 g, 407 mmol) in dichloromethane (150
mL). The resulting mixture was stirred for 30 min, and
then 2-cyanopyrrole (15.0 g, 163 mmol) in
dichloromethane (75 mL) was added over 30 min. The
reaction was heated at reflux for 5 h and then allowed
to cool. The reaction was diluted with ethyl acetate
(600 mL) and then quenched slowly with water (300 mL).
The layers were separated and then the organic layer
was washed with water and brine, dried (magensium
sulfate) and evaporated under reduced pressure to
afford a quantitative yield of desired product (39.0
g, 100%) containing trace impurities. This material
was used in the next step without further
purification. 1H NMR (DMSOd 6) d 8.14 (s, IH), 7.55
(s, IH). Step 2: Preparation of methyl
S-cyano-lH-pyrroIe-S-carboxylate Sodium methoxide
(17.8 g, 329 mmol) was added to a solution of 4-
(trichloroacetyl)-lH-pyrrole-2-carbonitrile (39.0 g,
164 mmol) in methanol (350 mL). The reaction was
stirred for 16 h and then the methanol was evaporated
under reduced pressure. The residue was dissolved in
ethyl acetate (800 mL) and the solution was adjusted
to pH 6 using 1 M hydrochloric acid. The layers were
separated and then the organic layer waswashed with
water and brine, dried (magensium sulfate) and
evaporated under reduced pressure to afford the
expected product (24.2 g, 98%). 1H NMR (DMSOd 6) d
7.76 (s, IH), 7.28 (s, IH), 3.72 (s, 3 H). Step 3:
Preparation of methyl
2,4-dibromo-5-cyano-lH-pyrrole-3-carboxylate Bromine
(54.1 g, 17.4 niL, 338 mmol) was added slowly (20 min)
to a cooled (O 0C) solution of methyl
S-cyano-lH-pyrrole-S-carboxylate (24.2 g, 161 mmol) in
1 M aqueous sodium hydroxide solution (500 mL). The
cold bath was removed and the reaction was stirred for
2 h. The reaction was quenched by addition of 1M
hydrochloric acid (400 mL) and the resulting
precipitate was collected by filtration. The material
was washed with 1M hydrochloric acid to give the
desired product (44.8 g, 90%). 1H NMR (DMSOd 6) d 3.77
(s, 3 H). Step 4: Preparation of methyl
2,4-dibromo-5-cyano-l-{[2-(trimethy silyl)-
ethoxy]methyl}-lH-pyrrole-3-carboxy!ate Potassium
carbonate (56.5 g, 409 mmol) was added to a 0 0C
solution of methyl
2,4-dibromo-5-cyano-lH-pyrrole-3-carboxylate (42.0 g,
136 mmol) in dimethylformamide (250 mL). After gas
evolution ceased,
2-(chloromethoxy)ethyl](trimethyl)silane (34.1 g, 36.1
mL, 205 mmol) was added over 20 min. The reaction was
stirred for 2 h and then poured into water (3 L). The
product was extracted with ethyl acetate (3 x 500 mL)
and then the combined organic extracts were washed
with water, dried (magnesium sulfate) and evaporated
under reduced pressure. The residue was triturated
with hexane to afford thedesired product (44.1 g,
73%). 1R NMR (DMSO-d6) d 5.51 (s, 2 H), 3.83 (s, 3 H),
3.62, (t, / = 7.9 Hz, 2 H), 0.91, (t, J = 7.9 Hz, 2
H), 0.00 (s, 9 H). Intermediate E: Preparation of
ethyl 2,4-dibromo-5-cyano-l-{[2-(trimethylsiIyl)
ethoxy]methyI}-lH-pyrroIe-3-carboxyIate The procedure
used for the preparation of Intermediate D was used to
prepare the title compound by substituting ethanol for
methanol in step 2. Intermediate F: Preparation of
l-[2-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-
2-yI)phenyl]-3-[2-fluoro-5-(trifluoromethyl)phenyI]ure
a Preparation 1 3 _1: Preparation of
2-fluoro-4-(4,4,5,5-tetramethyI-l,3,2-dioxaborolan-2-y
l)aniIine4-Bromo-2-fluoroaniline (45.00 g, 236.8 mmol)
and 4,4,4',4',5,5,5',5'-octamethyl-
2,2!-bi-l,3,2-dioxaborolane (66.15 g, 260.5 mmol, 1.1
eq) were added as solids to a flask then dissolved in
1,4-dioxanes (250 mL) and placed under N2. The
reaction was taken through five purge-fill cycles
using high vacuum and nitrogen. To this solution was
added potassium acetate (69.72 g, 710.4 mmol, 3 eq)
and the reaction was again taken through three
purge-fill cycles using high vacuum and nitrogen. To
the reaction was added 1,Tbis(
diphenylphosphino)ferrocene (5.20 g, 7.1 mmol, .03
eq). The reaction was taken one final time through
five purge-fill cycles using high vacuum and nitrogen.
The reaction was heated at 80 C overnight (17hr).
After cooling to rt, EtOAc was added (1000 mL) and the
reaction was partitioned between EtOAc and water. The
organic phase was washed with brine, dried (Na2SO4),
filtered, concentrated in vacuo. The crude material
was dissolved in dichloromethane and the desired
product (50.84g, 90.6% yield) was obtained after flash
column chromatography (9:1 Hexanes:EtOAc). 1H-NMR
(DMSO- ) d 7.17 (dd, J = 7.8, 1.4Hz, IH), 7.12 (dd,
12.1, 1.2 Hz, IH), 6.70 (t, 7.9Hz, IH) 5.56 (s, 2H),
1.22 (s, 12H); MS [M+H]+ =238, LCMS RT = 3.35 min.
Step 2; Preparation of title compound To a solution of
2-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)aniline (7.65 g, 32.3 mmol, 1 eq) in
1,2-dichloroethane (76.5 mL) was added l-fluoro-2-
isocyanato-4-(trifluoromethyl)benzene (4.9 ml, 33.9
mmol, 1.05 eq). The reaction was allowed to stir
overnight. White solids precipitated from the reaction
mixter and were filtered and washed with hexanes (3x).
The solids were dried under vacuum to obtain 8.75 g
(61.3% yield) of the desired product. 1H-NMR (DMSO-J
6) d 9.45 (d, / = 2.7 Hz, IH), 9.32 (d, J = 2.76 Hz,
IH), 8.63 (dd, J = 7.2, 2.2 Hz, IH), 8.28 (t, J = 8.0
Hz, IH), 7.50-7.34 (m, 4 H)5 1.27 (s, 12H); MS [M+H]+
=443, LCMS RT = 4.50 minIntermediate F: Preparation of
N-[2-fluoro-4-(4
54,5,5-tetramethyl-l,3,2-dioxaborolan-
2-yl)phenyl]-N'-[2-fluoro-5-(trifluoromethyI)phenyl]ur
ea Preparation 2 Step 1. Preparation of
iV-(4-bromo-2-fluorophenyl)-N'-[2-fluoro-5-(trifluorom
ethyI) phenyl]urea To a solution of 1,2 dichloroethane
(100 mL) was added 4-bromo-2-fluoroaniline (5.00 g,
26.31 mmol) followed by 2-fluoro-5-trifluoromethyl
phenylisocyante (5.67g, 27.63 mmol) in one portion.
The solution was allowed to stir overnight at rt, and
the resulting solids were filtered and rinsed with 1,2
dichloroethane (3 x 5 mL). A second crop of product
was obtained by concentrating the mother liquor and
redissolving in 1,2 dichloroethane (20 mL). The
solution was briefly heated to reflux and upon cooling
the desired product precipitated. The solid was
filtered and rinsed with 1,2 dichloroethane (3 x 5
mL). Total amount of white solids obtained was 10.13g
(25.64 mmol, 97.4% yield). 1HNMR (DMSO-J 6) d 9.37 (s,
IH), 9.23 (s, IH), 8.60 (d, J = 7.2 Hz IH), 8.15 (t, J
= 8.8 Hz,IH), 7.58 to 7.50 (dd, J = 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 Intermediate B
(N-(4-bromo-2-
fluorophenyl)-N'-[2-fluoro-5-(trifluoromethyl)
phenyl]urea) (10.00 g, 25.31 mmol). DMF was added
dropwise until the solution was homogeneous a the
reaction was degassed 3 times. To this solution was
added bis(pinacolato)diboron (7.71 g, 30.37 mmol) in
one portion. The reaction was degassed 5 times and
potassium acetate (7.45 g, 75.92 mmol) was then added
in one portion. The reaction was again degassed 3
times. To this heterogeneous reaction was added
l,l'-Bis(diphenylphosphino)ferrocenepalladium
dichloride (925 mg, 1.26 mmol) and the reaction was
degassed 5 additional times and was then heated at 80
C overnight (17hr). After cooling to rt, the reacton
was filtered through a thin pad of silica to remove
solids and then purified via flash column
chromatography (15:1 to 5:1 Hex:EtOAc) to afford the
desired product as a white solid. (12.24 g, 27.68
mmol). 1H-NMR (DMSO-^6) d 9.46 (s, IH), 9.33 (s, IH),
8.63 (d, = 7.4 Hz IH), 8.28 (t, J = 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 G: Preparation ethyl
4-amino-5-(4-ammo-3-fluorophenyl)pyrrolo[2,lf][
l,2,4]triazine-6-carboxyIate hydrochloride Stepl:
Preparation of ethyl
4-bromo-5-cyano-l-{[2-(trimethylsilyI)ethoxy]-methyl}-
lH-pyrroIe-3-carboxylateA solution of Intermediate E
(ethyl 2,4-dibromo-5-cyano-l-{[2-
(triniethylsilyl)ethoxy]methyl}-lH-pyrrole-3-carboxyla
te (42.10 g, 92.9 mmol)) in 1.0 L THF was cooled to
-65 C and a solution of n-butyllithium in hexanes
(1.6M, 87.09 mL, 139.3 mmol) was added dropwise over
20 min. After 15 additional minutes, the reaction was
quenched by addition of methanol (14.86 mL, 464 mmol).
The reaction was diluted with Et2O ( 1 L) and brine
(200 mL). The organic layer was separated, dried
(Na2SO4) and filtered through a plug of silica.
Evaporation of the solvent afforded the title compound
as a brown solid (33.91g, 97.8 % yield). 1H-NMR
(DMSO-^6) d 8.18 (s, IH), 5.50 (s, 2H), 4.28 (q, J = 7
Hz, 2H), 3.55 (t, J = 8 Hz, 2H), 1.32 (t, J = 7 Hz,
2H), 0.89 (t, J = 8Hz, 2H), 0.00 (s, 9H); GCMS [M+H]+
= 372.9; GCMS RT = 5.43. LCMS RT = 3.94. Step 2:
Preparation of ethyl
4-{4-[(tertbutoxycarbonyIamino]-3-fluorophenyl}-5-
cyano-l-{[2-(trimethyIsiIyI)ethoxy]methyI}-lH-pyrrole-
3-carboxylate A degassed suspension of palladium(II)
acetate (1.86 g, 8.304 mmol) in dioxane (20 mL) was
treated with triphenylphosphine (8.71 g, 33.2 mmol)
and the mixture allowed tostir for 15 min. The yellow
suspension was then diluted with dioxane (500 mL) and
treated with ethyl 4-bromo-5-cyano-l-{
[2-(trimethylsilyl)ethoxy]-methyl}-lH- ryrrole-3-
carboxylate (31.70 g, 83.04 mmol) and Intermediate F
(t-butyl [2-fluoro-4-(4,4,5,5-
tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl]carbamate
(27.83 g, 87.19 mmol)). The solution was degassed and
backfilled with N2 (2x) before treatment with aqueous
sodium carbonate (2N, 83.04 mL, 166.1 mmol). The
reaction mixture was again degased and backfilled with
N2 (2x) then heated to 80 C for 16 h. The reaction
mixture was cooled to rt and diluted with EtOAc (200
mL) and hexanes (200 mL). After washing with sodium
bicarbonate (Ix) and brine (Ix) the organic layer was
filtered passed through a large pad of silica gel.
Evaporation of the solvent gave the title compound as
a viscous, semi-solid (31.0 g, 75.2 %). 1H-NMR
(DMSO-J6) d 9.15 (s, IH), 8.14 (, IH), 7.71 (t, J = 8
Hz, IH), 7.31 (dd, J = 12, 2 Hz, IH), 7.21 (dd, J = 8,
2 Hz, IH), 5.50 (s, IH), 4.16 (q, J = 7 Hz, 2H), 3.59
(t, J = 8 Hz, 2H), 1.20 (t, J = 7 Hz, 3H), 1.50 (s,
9H), 0.90 (t, J = 8 Hz, 2H), 0.00 (s, 9H); MS [M+Na]+
= 526.4; LCMS RT = 4.09. Step 3: Preparation of ethyl
4-{4-[(tert-butoxycarbonyl)amino]-3-fluorophenyI}-5-
cyano-lH-pyrrole-3-carboxyIate Ethyl
4-{4-[(tertbutoxycarbonylamino] -3-fluorophenyl
}-5-cyano-1-{[2-(trimethylsilyl)-
ethoxy]methyl}-lH-pyrrole-3-carboxylate (31.00 g, 63.8
mmol) was taken up in 400 mL solution of
tert-butylammonium fluoride in THF (IN, 400 mL, 400
mmol) which had been dried with activated 3 A MS.
After 10 min the reaction appeared complete by TLC.
The reaction was diluted with EtOAc and washed with
aqueous IN Na2HPO (Ix) and water (3x). The organic
layer was dried with Na2SO4, filtered thru a plug of
silica and concentrated to afford a faintly orange
solid. The solids were trituration with etherrhexanes
(1:3) to provided the title compound as a yellowish
solid free of impurities (20.13 g, 88.7 % yield)
1H-NMR (DMSO-^6) d 9.07 (s, IH), 7.01 (s, IH), 7.62
(t, J = 8Hz, IH), 7.26 (dd, J =12, 2 Hz, IH), 7.16
(dd, 1 =9, 2 Hz, IH), 4.10 (q, J = 7 Hz, 2H), 1.45 (s,
9 H), 1.14 (t, J = 7 Hz, 3H); MS [M+Naf = 395.9; LCMS
RT = 3.45. Step 4: Preparation of ethyl
l-amino-4-{4-[(tert-butoxycarbonyl)amino]-3-
fluorophenyl}-5-cyano-lH-pyrroIe-3-carboxylate A l-L
3-neck rbf was fitted with an overhead stirrer and
charged with sodium hydride (60 % dispersion in
mineral oil, 2.19 g, 54.6 mmol) and DMF (550 mL).
Ethyl 4- {4-[(tert-butoxycarbonyl)amino]
-3-fluorophenyl }-5-cyano-1H-pyrrole-3 -carboxylate
(10.00 g, 45.5 mmol) was added and the mixture was
left to stir at rt for 15 min. The reaction mixture
was treated with (aminooxy)(diphenyl) phosphine oxide
(12.74 g, 54.6 mmol) and heated to 60 C. The very
thick reaction mixture gradually became a readily
stirred suspension. After 1 h analysis by RP-HPLC
indicated that all starting material had been
consumed. The reaction was cooled to rt and diluted
with 1.5 L EtOAc and aq. sodium bicarbonate. The
aqueous layer was back extracted with EtOAc (2x) and
the combined organic layers were dried (sodium
sulfate) and filtered through a silica plug.
Trituration with ether:hexanes (1:2) gave the title
compound as a yellowish powder (18.06 g, 46.5 mmol,
93.7 %). 1H-NMR (DMSO-J 6) d 9.13 (s, IH), 7.68 (s,
IH, 7.68 (t, J = 8 Hz, IH), 7.29 (dd, J = 12, 2 Hz,
IH), 7.19 (dd, J = 8 Hz, IH), 6.67 (s, 2 H), 4.14 (q,
J = 7 Hz, 2 H), 1.50 (s, 9 H), 1.18 (s, 3H), ;MS
[M+Na]+ = 411.0; . LCMS RT = 3.48. Step 5: Preparation
of ethyl 4-amino-5-{4-[(tert-butoxycarbonyl)amino]-3-
fluorophenyl} pyrrolo[2,l-f]
[l,2,4]triazine-6-carboxylateA mixture of ethyl
l-amino-4-{4-[(tert-butoxycarbonyl)amino]-3-fluorophen
yl}-5- cyano-lH-pyrrole-3-carboxylate (18.06 g, 46.5
rnmol), formamidine acetate (48.41 g, 464.9 mmol) and
finely ground potassium phosphate (19.74 g, 93.0
rnmol) in ethanol (350 mL) was heated at 80 C
overnight. After 16 h, the reaction mixture was cooled
to rt and diluted with 1.8 L water. The resulting
precipitate was filtered thru a glass frit and washed
with water. Drying in a vacuum oven provided the title
compound as a gray solid (15.6 g, 80.8%) 1H-NMR
(DMSO-J 6) d 9.11 (s, IH), 8.13 (s, IH), 7.93 (s, IH),
7.72 (t, J = 8 Hz, IH), 7.26 (dd, J = 12, 2 Hz, IH),
7.12 (dd, J = 8, 2 Hz, IH), 4.07 (q, J = 7 Hz, 2H),
1.47 (s, 9 H), 1.09 (t, J = 7 Hz, 3H); MS [M+H]+
415.8=;. LCMS RT = 3.05. Step 6: Preparation of title
compound A suspension of ethyl
4-amino-5-{4-[(tert-butoxycarbonyl)amino]-3-fluorophen
yl} pyrrolo[2,l-f][l,2,4]triazine-6-carboxylate (400
mg, 0.963 mmol) in 4N HCl in dioxane (9.63 mL, 38.5
mmol) was heated to 60 C for 5 min, then cooled to rt
and diluted with 40 mL ether. Filtration through a
teflon membrane filter gave the title compound as a
yellow solid (310 mg, 91.5 %yield). 1H-NMR (DMSO-^6) 6
8.33 (s, IH), 8.14 (s, IH), 7.16 (d, J= 12 Hz, IH),
6.96 to 7.03 (m, 2H), 4.13 (q, J = 8 Hz, 2H), 1.15 (t,
J = 8 Hz, 3H); MS [M+Hf = 316.1; LCMS RT = 2.39.
Intermediate H: Preparation of ethyl
4-amino-5-(4-aminophenyl)pyrrolo[2 | l -
f][l,2,4]triazine-6-carboxyIate Raney nickel (several
spatulas) was added to a flask containing 20 niL of
EtOH. The catalyst was triturated with abs EtOH (3 x
20 mL). A suspension of Intermediate B (ethyl
4-amino-5-(4-nitrophenyl)pyrrolo[2,l-f][l,2,4]triazine
-6-carboxylate (4.0 g, 12.2 mmol)) in abs EtOH (600
mL)/THF (200 mL) was added to the flask with the
catalyst. The flask was evacuated and refilled with
hydrogen gas (3x) and the reaction was then placed
under a hydrogen atmosphere ( 1 atm) and allowed to
stir at rt overnight. The reaction was filtered
through a Celite(r) pad and washed with copious
amounts of EtOH/THF (3:1) to afford 3.60 g of the
above compound as a brown solid (yield 96%) 1H-NMR
(DMSO-J 6) d 8.05 (s, IH), 8.04 (br s, 2H), 7.88 (s,
IH), 7.01 (d, J = 8.0 Hz, 2H), 6.61 (d, / = 8.0 Hz,
2H), 5.31 (br s, 2H), 4.07 (q, / = 7.4 Hz, 2H), 1.12
(t, J = 7.2 Hz, 3H); MS [MH-H]+ = 298; LCMS RT = 1.64
min; TLC R/= 0.30 (Acetone/ CH2Cl2 1:3). Intermediate
I: Preparation of ethyl
4-amino-5-(4-amino-3-fluorophenyl)pyrrolo[2,lf][
l,2,4]triazine-6-carboxylateThe procedure used for the
preparation of Intermediate H was used to prepare the
title compound by substituting Intermediate C for
Intermediate B. 1H-NMR (DMSO-^ ) d 8.07 (s, IH), 7.90
(s, IH), 7.04 to 7.01 (d, / = 12.3 Hz, IH), 6.88 to
6.85 (m, 2H), 6.81 to 6.77 (m, IH), 5.36 (s, 2H), 4.11
to 4.06 (q, J = 7.1 Hz, 2H), 1.15 to 1.11 (t, / = 7.0
Hz, 3H); MS [M+H]+ = 316.1; LCMS RT = 2.16 min.
Intermediate J: Preparation of ethyl
4-amino-5-{4-[({[2-fluoro-5-
(trifluoromethy^phenyyaminolcarbonyOaminoJphenyllpyrro
loP.l-fJ-tl^^ltriazine- 6-carboxyIate To a solution of
DCE (200 mL) was added intermediate H (ethyl
4-amino-5-(4-
aminophenyl)pyriOlo[2,l-f][l,2,4]triazine-6-carboxylat
e (6.40 g. 21.5 mmol)) followed by
2-fluoro-5-(trifluoromethyl)phenyl isocyanate (6.38
mL, 44.13 mmol). The solution was heated at 80 0C for
17h. To the reaction mixture was added DMF (200 mL)
and aq 2 N HCl (10.8 mL, 21.5 mmol), and the solution
was heated to 80 0C for 2.5h. The reaction mixture was
evaporated under reduced pressure and then triturated
with THFZEt2O. A white solid formed which was
collected and washed with Et O. Upon drying under
vacuum 9.14 g of product was isolated (18.2 mmol,
85%). 1H-NMR (DMSO-^ 6) d 9.33 (s, IH), 8.97 (d, J =
4.0 Hz, IH), 8.62 (d, J = 12.0 Hz, IH), 8.12 (s, IH),
8.11 (br s, IH), 7.92 (s, IH), 7.6-7.3 (m, 5H), 4.10
(q, J = 8.0 Hz, 2H), 1.11 (t, J = 8.0 Hz, 3H); MS
[M+H]+ = 503; LCMS RT = 3.50 min; TLC R = 0.40 (3: 1
v/v CH2Cl2-Acetone). Intermediate K: Preparation of
-{4-[4-amino-6-(hydroxymethyI)pyrroIo[2,lf][
l,2,4]triazin-5-yl]phenyl}-N'-[2-fluoro-5-(trifluorome
thyl)phenyl]ureaTo a solution of THF (8.0 mL) was
added Intermediate J (80.0 mg, 0.16 mmol) followed by
DIBAL (0.8 mL, 0.8 mmol, 1.0M solution in THF). The
reaction was stirred at rt with addition of DIBAL (2.4
mL, 2.4 mmol, LOM solution in THF) in three batches
until HPLC indicated completion of reaction. The
reaction was diluted with EtOAc and quenched with
saturated aqueous Rochelle's salt. Reaction was
extracted with EtOAc (4x). Organic was dried (Na SO4)
and evaporated to give a crude oil that was purified
via HPLC (10-90% ACN/H2O) yielding a yellow solid
(40.0 mg, 55%). 1H-NMR (CD3CN) d 8.61 (d, J= 8.0 Hz,
IH), 7.80 (s, IH), 7.66-7.60 (m, 3H), 7.42-7.32 (m,
4H), 4.50 (s, 2H); MS [M+H]+ = 461; LCMS RT = 2.87
min. Intermediate L: Preparation of ethyl
4-amino-5-{3-fluoro-4-[({[2-fluoro-5-
(trifluoromethy^phenyljaminojcarbonyljaminojphenyllpyr
rolotl l-fltl^^jtriazine- 6-carboxylate The procedure
used for the preparation of Intermediate J was used to
prepare the title compound by substituting
Intermediate I for Intermediate H. 1H-NMR (DMSO-J 6) 5
9.42 (s, IH), 9.28 (s, IH), 8.65 to 8.63 (m, IH), 8.27
to 8.22 (m, IH), 8.13 (s, IH), 7.93 (s, IH), 4.11 to
4.06 (m, 2H), 1.14 to 1.10 (m, 3H); MS [M+H]+ = 521.3;
LCMS RT = 2.98 min. Intermediate M : Preparation of
N-{4-[4-amino-6-(hydroxymethyI)pyrrolo-[2,lfltl^^
Jtriazin-S-yU-Z-fluorophenylJ-N'-P-fluoro-S-^rifluorom
ethyO-phenyllureaThe procedure used for the
preparation of Intermediate K was used to prepare the
title compound by substituting Intermediate L for
Intermediate J. 1H-NMR (DMSO-J ) 6 9.41 (s, IH), 9.40
(s, IH), 9.26 to 8.63 (m, IH), 8.28 to 8.24 (m, IH),
7.83 (s, IH), 7.66 (s, IH), 7.53 to 7.48 (m, IH), 7.41
to 7.33 (m, 2H), 7.18 (d, / = 8.2 Hz, IH), 5.01 to
4.98 (m, IH), 4.37 (d, J = 5.0 Hz, 2H); MS [M+H]+ =
479.1; LCMS RT = 2.49 min. Intermediate N: Preparation
of
N-[4-(4-amino-6-formylpyrroIo[2,l-f][l,2,4]triazin-5-
yI)-2-fluorophenyl]-N'-[2-fluoro-5-(trifluoromethyl)ph
enyl]urea Intermediate M
(N-{4-[4-amino-6-(hydroxymethyl)pyrrolo[2,l-fJ[l,2,4]t
riazin-5-
yl]-2-fluoro-phenyl}-N'-[2-fluoro-5-(trifluoromethyl)p
henyl]urea) (1.02 g, 2.13 mmol) was dissolved in THF
(500 mL) and to it was added Dess-Martin Periodinane
reagent (0.99 g, 2.35 mmol). The reaction was stirred
at rt for Ih. The reaction was then diluted with EtOAc
and saturated aqueous NaHCO3/Na2S2O3 1:1 which was
stirred for 30 min and then transferred to a
separatory funnel. The organic layer was washed with
aqueous NaHCO ZNa S2O3 1:1 and water. The organic
layer was dried (MgSO4), filtered, and evaporated to
give 0.99 g of product (2.10 mmol, 98%). 1H-NMR
(DMSO-J 6) d 9.75 (s, IH), 9.45 (s, IH), 9.33 (s, IH),
8.65 to 8.64 (d, J = 7.1 Hz, IH), 8.34 to 8.29 (m,
2H), 7.97 (s, IH), 7.54 to 7.40 (m, 3H), 7.27 to 7.25
(d, J = 9.4 Hz, IH); MS [M+H]+ = 477.1; LCMS RT = 3.07
min.Intermediate O: Preparation of
N-{4-[4-amino-6-(l,3-oxazol-5-yl)pyrrolo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyl}-N'-[2-fluoro-5-(tr
ifIuoromethyI)-phenyl]urea To a solution of MeOH (20
mL), THF (20 mL), and 0.5 M sodium methoxide in MeOH
(6.30 mL, 3.15 mmol) cooled in an ice bath was added
tosylmethyl isocyanide (0.61 g, 6.30 mmol) and
Intermediate N
(N-[4-(4-amino-6-formylpyrrolo[2,l-fJ[l,2,4]triazin-5-
yl)-2-fluorophenyl]-N'-[2-fluoro-5-(trifluoro-methyl)p
henyl]urea (500 mg, 1.05 mmol)). The solution was
allowed to stir at 0 0C for 5 min and was then heated
to 60 0C for 6h. Upon cooling to rt, the solution was
partially evaporated and a solid formed which was
collected and washed with MeOH. The solid was dried
under vacuum producing 140 mg of white powder (0.27
mmol, yield 26%). 1H-NMR (DMSO-J 6) d 9.46 (s, IH),
9.32 (s, IH), 8.65 to 8.64 (d, J =7.4 Hz, IH), 8.35 to
8.30 (t, J = 8.5 Hz, IH), 8.30 (s, IH), 8.09 (s, IH),
7.90 (s, IH), 7.53 to 7.48 (m, IH), 7.42 to 7.39 (m,
IH), 7.37 to 7.34 (d, J = 12.0 Hz, IH), 7.21 to 7.19
(d, / = 8.4 Hz, IH), 6.62 (s, IH); MS [M+H]+ = 516.1;
LCMS RT = 3.01 min. Intermediate P: Preparation of
-[4-(4-amino-6-formylpyrrolo[2,l-f][l,2,4]triazin-5-
yl)phenyl]-N'-[2-fluoro-5-(trifluoromethyl)phenyI]urea
Intermediate K (
-{4-[4-amino-6-(hydroxymethyl)pyitolo[2,l-f][l,2,4]tri
azin-5-
yl]phenyl}-N'-[2-fluoro-5-(trifluoromethyl)phenyl]urea
(40.0 mg, 0.09 mmol)) was dissolved in THF (5.0 niL)
and to it was added Dess-Martin Periodinane reagent
(44.0 mg, 0.10 mmol). The reaction was stirred at rt
until HPLC indicated completion of reaction. Reaction
was diluted with EtOAc and washed with saturated
aqueous NaHCO3ZNa2S2O3 1:1 (3x). The aqueous layer was
back extracted with EtOAc (2x). The combined organic
layer was dried (Na2SO4) and evaporated to give a
crude oil that was purified via HPLC (10-90% ACN/H2O)
to give a yellow solid (35.0 mg, 88%). 1H-NMR (CD3OD)
d 9.76 (s, IH), 8.61 (d, J = 8.0 Hz, IH), 8.11 (s,
IH), 7.87 (s, IH), 7.65 (d, J = 8.0 Hz, IH), 7.46 (d,
J = 8.0 Hz, IH), 7.30 (d, J = 8.0 Hz, IH); MS [M+H]+ =
459; LCMS RT = 2.95 min. Intermediate Q; Preparation
of -{4-[4-amino-6-(l,3-oxazol-5-yl)pyrrolo[2,lf][ l,2
54]triazin-5-yI]phenyl}-N'-[2-fluoro-5-(trifluoromethy
l)phenyI]urea The procedure used for the preparation
of Intermediate O was used to prepare the title
compound by substituting Intermediate P for
Intermediate N. 1H-NMR (CD3OD) 5 8.63 (d, J = 6.8 Hz,
IH), 8.13 (s, IH), 7.98 (s, IH), 7.83 (s, IH), 7.69
(d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.35
(d, J = 8.3 Hz, 2H), 6.49 (s, IH); MS [M+H]+ = 498.1;
LCMS RT = 2.82. Intermediate R: Preparation of
-[4-(4-amino-6-cyanopyrrolo[2,lf][
l,2,4]triazin-5-yl)phenyl]-N'-[2-fluoro-5-(trifluorome
thyI) rhenyI]ureaTo a solution of pyridine (40 mL) was
added Intermediate P (N-[4-(4-amino-6-
formylryrrolo[2,l-f][l,2,4]triazin-5-yl)phenyl]-N
t-[2-fluoro-5-(trifluoiOrnethyl)- phenyl]urea (2.64 g,
5.76 mmol)) followed by hydroxylamine hydrochloride
(0.63 g, 6.33 mmol). The reaction was stirred at
ambient temperature for Ih, and then acetic anhydride
(1.20 mL, 12.67 mmol) was added. The solution was
heated at 80 0C for Ih. Additional acetic anhydride
(0.27 mL, 2.88 mmol) was added and the solution was
heated at 80 0C for Ih. Upon cooling to rt, the
solution was concentrated to half the original volume
in vacuo, and subsequently EtOAc (100 mL) and aq
NaHCO3 (100 mL) were added to the reaction, which was
then transferred to a separatory funnel. The organic
layer was collected and washed with water (50 mL). The
aqueous layer was back extracted with EtOAc, which was
washed with water. The organic layers were combined,
dried (MgSO4), filtered, concentrated to dryness, and
purified by flash chromatography (9:1 v/v
CH2Cl2-MeOH). The resulting purified fractions were
combined and triturated in EtOH. The material was
washed with cold EtOH and dried under vacuum yielding
1.45 g of a pale yellow solid (3.18 mmol, yield 55%).
1H-NMR (CD3OD) d 8.62 (d, J =7.0 Hz, IH), 8.19 (s,
IH), 7.91 (s, IH), 7.69 (d, / = 8.6 Hz, 2H), 7.50 (d,
J = 8.6 Hz, 2H), 7.34 (d, / = 8.7 Hz, 2H); MS [M+H]+ =
456.1; LCMS RT = 3.10. Intermediate S: Preparation of
4-amino-5-{4-[({[2-fluoro-5-(trifluoromethyl)-
phenyI]amino}carbonyl)amino]phenyl}pyrrolo[2,l-f][l,2,
4]triazine-6-carboxylic acid To a solution of
Intermediate J (720.0 mg, 1.433 mmol) in MeOH (5 mL)
and THF (3 mL) was added IM NaOH (3.58 mL, 3.58 mmoL)
and the reaction left to stir at 60 0C for 12 h. The
reaction mixture was cooled and partitioned between
CHCl3 and pH 2 sulfate buffer. The organic layer was
washed with brine, dried (Na2SO4) and concentrated to
yield a brown solid (623 mg, 92% yield). 1H-NMR
(OMSO-d6) d 12.17 (bs, IH), 9.34 (s, IH), 8.98 (d, J =
2 Hz, IH), 8.62 (dd, J = 2 Hz, 8 Hz, IH), 8.07 (3,
IH), 8.0 (bs, IH), 7.91 (s,IH), 7.53 (d, J = 8Hz, 2
H), 7.55-7.45 (m, IH), 7.42-7.35 (m, IH), 7.32 (d, J =
8 Hz, 2H), 5.0 (bs, IH); MS [M+H]+ = 475.2; LCMS RT =
2.56min; TLC R/= 0.26 (1:1:0.02 v/v/v
THF:CH2Cl2:Me0H). Intermediate T: Preparation of
4-amino-5-{4-[({[2-fluoro-5-(trifluoromethyl)
phenyI]amino}carbonyl)amino]phenyI}-
-(2,2,2-trifluoroethyl)-pyrrolo[2,,lf][
l,2,4]triazine-6-carboxamide To a solution of
Intermediate S (2.92 g, 6.16 mmol) in DMF (100 mL) was
added
benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (2.72 g, 6.16 mmoL),
4-methylmorpholine ( 0.68 ml, 6.16 mmol), and
2,2,2-triflouroethylamine (0.48 mL, 6.16 mmol). The
solution was allowed to stir at it for 17h. The crude
reaction mixture was reduced in vacuo and purified by
flash column chromatography (50:45:5 v/v/v CH2Cl2-
EtOAc-MeOH). The purified fractions were combined and
triturated with CH2Cl2/hexanes. The white solid was
collected and washed with hexanes and upon drying
under vacuum yielded 2.18 g (3.92 mmol, 64% yield).
1H-NMR (DMSO-^ 6) d 9.29 (s, IH), 8.93 (s, IH),
8.64-8.58 (m, IH), 8.51 (t, J = 6 Hz, IH), 8.18 (s,
IH), 8.00 (bs, IH), 7.91 (s, IH), 7.52 (d, J = 8 Hz,
2H), 7.51 to 7.46 (m, IH), 7.40 to 7.30 (m, IH), 7.28
(d, J = 8 Hz, 2H), 5.05 (bs, IH), 4.00 to 3.85 (m,
2H). MS [M+H]+ = 556.2; LCMS RT = 3.32 min; TLC R/ =
0.33 (2:1 v/v CH2Cl2-THF). Intermediate U; Preparation
of 4-amino-5-{3-fluoro-4-[({[2-fluoro-5-
(trifluoromethyl)phenyl]amino}carbonyl)amino]phenyl}py
rrolo[2,l-f][l,2,4]triazine- 6-carboxyIic acidThe
procedure used for the preparation of Intermediate S
was used to prepare the title compound by substituting
Intermediate L for Intermediate J . 1H-NMR (DMSO-J 6)
d 12.3 (s, IH), 9.43 (s, IH), 9.27 (s, IH), 8.65 to
8.63 (m, IH), 8.25 to 8.20 (m, IH), 8.07 (s, IH), 8.02
(s, IH); MS [M+H]+ 433.1; LCMS RT = 2.58 min.
Intermediate V: 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 CH2Cl2 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 Et O and
washed with IN bisulfate buffer (pH 2) and sat. NaHCO
. The organic layer was dried with Na2SO4 and
evaporated to yield a gray solid. Tritruration with
Et2O:hexanes (1:5) gave the title compound as white
crystals (33.5 g, 92 % Yield). . 1H-NMR (DMSO-J 6) 5
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 W:
Preparation of ethyl
4-amino-5-{4-[({[4-(trifluoromethyI)pyridin- -yl amino
carbony amino phenyllpyr rolo l -f J l tr iazine-
-carboxylateTo a solution of THF (100 mL) was added
phenyl [4-(trifluoromethyl)pyridin-2- yl]carbamate
(1.27 g, 4.48 mmol), Intermediate H (ethyl
4-amino~5-(4-
aminophenyl)pyrrolo[2,l-f][l,2,4]triazine-6-carboxylat
e (1.33 g, 4.48 mmol)) and triethylamine (0.63 mL,
4.48 mmol). The solution was heated at 60 0C for 3h.
Upon cooling to rt the solution was triturated with
THFZEt2O. The precipitate was collected and washed
with Et2O. Upon drying under vacuum 1.65 g of product
was isolated (3.40 mmol, 76%). 1H-NMR (DMSO-J 6) d
10.19 (s, IH), 9.89 (s, IH), 8.52 (d, J = 5.4 Hz, IH),
8.12 (s, IH), 8.12 to 8.10 (m, 2H), 7.93 (s, IH), 7.59
(d, J = 6.9 Hz, 2H), 7.48 to 7.30 (m, 3H), 5.15 to
5.10 (m, IH), 4.06 (q, J = 7.2 Hz, 2 H), 1.11 (t, J =
7.2 Hz, 3H); MS [M+H]+ = 486.1; LCMS RT = 3.33 min;
TLC R/= 0.27 (3:7 v/v THF-CH 2Cl2) . Intermediate X:
Preparation of
4-amino-5-{4-[({[4-(trifluoromethyl)pyridin-2-
yl]amino}carbonyl)amino]phenyl}pyrroIo[2,l-f][l,2,4]tr
iazine-6-carboxylic acid The procedure used for the
preparation of Intermediate S was used to prepare the
title compound by substituting Intermediate W for
Intermediate J . 1H-NMR (DMSO-J ) d 12.3 (s, IH), 9.87
(s, IH), 9.75 (s, IH), 8.53 (d, / 5.3 Hz, 2H), 8.07 to
8.06 (m, 3H), 7.86 (s, IH), 7.58 to 7.56 (m, 2H), 7.36
to 7.33 (m, 3H); MS [M+H]+ = 458.0; LCMS RT = 2.28
min.Intermediate Y: Preparation of
N-{4-[4-amino-6-(hydroxymethyl)pyrrolo[2,lf][
l,2,4]triazin-5-yI]phenyl}-N'-[4-(trifluoromethyI)pyri
din-2-yl]urea Intermediate W (0.25 g, 0.515 mmol) was
suspended in THF (5 mL) and treated with IM solution
of DBBAL in THF (2 mL, 2.06 mmol). The resulting
solution was stirred at room temperature for 3 hours
and quenched with saturated NH4Cl solution. The
mixture was stirred for 1 hour. The mixture was
transferred to a sep. funnel and the crude product was
extracted with EtOAc. The organic layer was then
washed with water and saturated NaCl solution. The
organic layer was then dried over MgSO4, filtered and
concentrated under reduced pressure. The remaining
solid was then triturated with EtOAc and filtered
providing 0.22 g of product as a tan solid (0.496
mmol, 96 % yield).. 1H-NMR (DMSO) d 11.66 (s, IH),
9.86 (s, IH), 9.73 (s, IH), 8.53 (d, = 8.7 Hz, IH),
8.05 (s, IH), 7.82 (s, IH), 7.65 (s, IH), 7.61 (d, J
=6.6 Hz, 2H), 7.38-7.35 (m, 3H), 4.95 (t, J =5.2 Hz,
IH), 4.37 (d, J =5.1 Hz, 2H); MS [M+H]+ = 444.0; LCMS
RT = 2.3 min. Intermediate Z : Preparation of
iV-{4-[4-amino-6-(methoxymethyI)pyrrolo[2,lf][
l,2,4]triazin-5-yl]phenyI}-N'-[4-(trifluoromethyI)pyri
din-2-yl]urea To a solution of THF (200 mL) was added
Intermediate Y (N-{4-[4-amino-6-
(hydroxymethyl)pyrrolo[2, 1-fJ
[1,2,4]triazin-5-yl]phenyl
}-N'-[4-(trifluoromethyl)-pyridin-2-yl]urea (1.77 g,
3.98 mmol)) followed by 2M thionyl chloride in CH2Cl2
(19.9 mL, 39.8 mmol). The reaction was stirred at
ambient temperature for 30 min, and then concentrated
by rotary evaporation chasing with CH2Cl2. The
reaction material was diluted with MeOH (100 mL) and
triethyl amine (1.67 mL, 11.9 mmol) was added. The
solution was heated at 60 0C for Ih. Upon cooling to
rt, the solution was concentrated in vacuo and
purified by flash column chromatography (5:4:1 v/v/v
CH2Cl2-EtOAc-MeOH). The resulting purified fractions
were combined and evaporated to dryness producing 1.14
g of a pale yellow solid (2.49 mmol, yield 63%).
1H-NMR (CD3OD) d 8.52 (d, / = 5.4 Hz, IH), 7.79 (s,
IH), 7.76 (s, IH), 7.71 to 7.67 (m, 3H), 7.43 (d, / =
8.6 Hz, 2H), 7.28 (d, J = 5.3 Hz, IH), 4.36 (s, 2H),
3.29 (s, 3H); MS [M+H]+ = 458.1; LCMS RT = 2.66.
Intermediate AA: Preparation of
iV-{4-[4-amino-6-(methoxymethyI)pyrrolo[2,lfJ[
l,2,4]triazin-5-yI]phenyI}-N'-[2-fluoro-5-(trifluorome
thyI)phenyI]urea The procedure used for the
preparation of intermediate Z was used to prepare the
title compound by substituting Intermediate K for
Intermediate Y. 1H-NMR (CD3OD) d 8.61 (d, J = 7.6 Hz,
IH), 7.78 (s, IH), 7.68 (s, IH), 7.62 (d, / = 8.7 Hz,
2H), 7.40 (d, J = 8.6 Hz, 2H), 7.33 (d, J = 8.7 Hz,
2H), 4.35 (s, 2H), 3.30 (s, 3H); MS [M+H]+ = 475.2;
LCMS RT = 2.81. Intermediate AB: Preparation of
N-{4-[4-amino-6-(methoxymethyI)pyrrolo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyl}-N'-[2-fluoro-5-(tr
ifluoromethyl)-phenyl]ureaThe procedure used for the
preparation of Intermediate Z was used to prepare the
title compound by substituting Intermediate M for
Intermediate Y. 1H-NMR (CD3OD) 8.65 (d, / = 8.0 Hz,
IH), 8.31 to 8.27 (m, IH), 7.80 (s, IH), 7.70 (s, IH),
7.35 to 7.23 (m, 4H), 4.37 (s, 2H), 3.33 (s, 3H); MS
[M+H]+ = 493.1; LCMS RT = 2.84 min. Intermediate AC:
Preparation of
N-{4-[4-amino-6-(cyanomethyI)pyrroIo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyI}-N'-[2-fluoro-5-(tr
ifluoromethyI)-phenyI]urea Thionyl chloride (0.31 mL,
4.18 mmol) was added dropwise to a vigorously stirring
slurry of Intermediate M (1.00 g, 2.09 mmol) in THF
(20 mL) and CH2Cl2 (20 mL). The reaction mixture was
allowed to stir for 30 min where upon HPLC indicated
that the reaction was complete. The reaction was
concentrated and re-suspended in dichloroethane (3x).
The resulting light brown powder was dissolved in 20
mL of DMSO and the NaCN (512.1 mg, 10.45 mmol) was
added as a fine powder. The solution was sonicated for
10 minutes after which, HPLC indicated the reaction
was complete. The reaction was diluted with 10 volumes
of EtOAc and the organic layer was washed with H2O
(3x). The organic layer was dried over Na SO4 and
concentrated to give a light brown powder (933.0 mg,
1.91 mmol, 9 1 %). 1H-NMR (DMSO-J 6). d 9.50 (d, J =
3Hz, IH), 9.37 (d, J = 2Hz, IH), 8.71 (dd, J = 3, 7.2
Hz, IH), 7.94 (s, IH), 7.82 (s, IH), 7.60-7.53 (m,
IH), 7.50- 7.44 (m,IH), 7.40 (dd, J = 2, 12.6 Hz, IH),
7.24 (dd, J = 2, 8.4 Hz, IH), 3.92 (s, 2H). MS [M+H]+ 



= 488; LCMS RT = 3.10 niin. Intermediate AD:
Preparation of
N-{4-[4-amino-6-(cyanomethyl)pyrroIo[2,l-f]-
[l,2,4]triazin-5-yl]phenyI}-N'-[2-fluoro-5-(trifluorom
ethyl)phenyl]urea The procedure used for the
preparation of Intermediate AC was used to prepare the
title compound by substituting Intermediate K for
Intermediate M. 1H-NMR (DMSO-J 6) d 9.41 (s, IH), 9.01
(d, J = 3 Hz, IH), 8.62 (d, J = 3, 8 Hz, IH), 7.81 (s,
IH), 7.77 (s, IH), 7.61 (d, J = 9 Hz, 2H), 7.47 to
7.54 (m, IH), 7.38 to 7.42 (m, IH), 7.35 (d, J = 9 Hz,
2H), 5.35 (dd, J = 2, 6 Hz), 3.82 (s, 2H); MS [M+H]+ =
470.1; LCMS RT = 2.80 min. Intermediate AE:
Preparation of
N-{4-[4-amino-6-(cyanomethyl)pyrroIo[2,lf][
l,2,4]triazin-5-yl]phenyl}-N'-[4-(trifluoromethyI)pyri
din-2-yI]urea The procedure used for the preparation
of Intermediate AC was used to prepare the title
compound by substituting Intermediate Y for
Intermediate M. 1H-NMR (DMSO-J 6) d 8.54 (d, J = 5 Hz,
IH), 8.07 (s, IH), 7.87 (s, IH), 7.77 (s, IH), 7.66
(d, J = 9 Hz, 2H), 7.36 (d, J = 9 Hz, 2H), 7.34 to
7.36 (m, IH), 3.81 (s, 2H); MS [M+H]+ = 453.1; LCMS RT
= 2.67 min.Intermediate AF : Preparation of
N-[4-(4-amino-6-formylpyrrolo[2,,l-fl[l,2,4]-triazin-
5-yl)phenyl]-N'-[4-(trifluoromethyl)pyridin-2-yl]urea
Intermediate Y (1.9 g, 4.29 mmol) was suspended in THF
(20 mL) and treated with Dess-Martin periodinane (2.0
g, 4.71 mmol). The mixture was stirred at room
temperature overnight and quenched with saturated
NHCO3 solution with Na2S2O3. The mixture was stirred
for 1 hour then transferred to a sep. funnel. The
crude product was extracted with EtOAc and washed with
water and saturated NaCl solution. The organic layer
was then dried over MgSO4, filtered and concentrated
under reduced pressure. The remaining solid was then
triturated with EtOAc and filtered providing 1.8 g of
product as a tan solid (4.08 mmol, 95 % yield). 1H-NMR
(DMSO) d 10.05 (bs, IH), 9.82 (s, IH), 9.72 (s, IH),
8.52 (d, J = 5.1 Hz, IH), 8.26 (s, IH), 8.07 (s, IH),
7.95 (s, IH), 7.64 (d, / = 8.6 Hz, 2H), 7.44 (d, J
=8.6 Hz, 2H), 7.35 (d, / = 5.8 Hz, IH); MS [M+H]+ =
442.0; LCMS RT = 2.81 min. Intermediate AG:
Preparation of
-{4-[4-amino-6-(l,3-oxazol-5-yl)-pyrrolo[2,lf][
l,2,4]triazin-5-yl]phenyl}-N'-[4-(trifluoromethyI)pyri
din-2-yI]urea The procedure used for the preparation
of Intermediate O was used to prepare the title
compound by substituting Intermediate AF for
Intermediate N. 1H-NMR (CD3OD) 6 8.50 (d, J = 5.3 Hz,
IH), 8.12 (s, IH), 7.98 (s, IH), 7.84 (s, IH), 7.77
(s, IH), 7.76 (d, J =8.1 Hz, 2H), 7.45 (d, J = 8.0 Hz,
2H), 7.29 (d, J = 6.3 Hz, IH), 6.51 (s, IH); MS [M+H]+
= 481.0; LCMS RT = 2.70. Intermediate AH: Preparation
of 4-amino-7V-(2,2,2-trifluoroethyI)-5-{4-[({[4-
(trifluoromethyl)pyridin-2-yl]amino}carbonyI)amino]phe
nyI}pyrrolo[2,lf][ l,2,4]triazine-6-carboxamide The
procedure used for the preparation of Intermediate T
was used to prepare the title compound by substituting
Intermediate X for Intermediate S. 1H-NMR (CD OD) d
8.54 (d, J = 5.1 Hz, IH), 8.19 (s, IH), 8.06 (br s,
IH), 7.91 (s, IH), 7.60 (d, J = 8.7 Hz, 2H), 7.35 (d,
J = 5.6 Hz, 2H), 7.31 (d, J = 8.9 Hz, 2H), 3.94 (q, J
= 9.2 Hz, 2H); MS [M+H]+ = 539.0; LCMS RT = 2.77.
Intermediate AI : Preparation of ethyl
4-amino-5-{3-fIuoro-4-[({[4-
(trifluoromethyI)pyridin-2-yl]amino}carbonyI)amino]phe
nyI}pyrroIo[2,lf][ l,2,4]triazine-6-carboxyIate The
procedure used for the preparation of Intermediate W
was used to prepare the title compound by substituting
Intermediate I for Intermediate H. 1H-NMR (DMSO-J 6) d
10.14 (s, IH), 10.11 to 10.04 (br s, IH), 8.54 to 8.53
(d, J = 5.3 Hz, IH), 8.28 to 8.23 (t, J = 8.4 Hz, IH),
8.14 (s, IH), 8.01 (s, IH), 7.94 (s, IH), 7.39 to 7.33
(m, 2H), 7.18 to 7.16 (d,J = 10.0 Hz, IH), 4.12 to
4.06 (q, J = 8.3 Hz, 2H), 1.14 to 1.10 (t, J = 7.1 Hz,
3H); MS [M+H]+ 504.1; LCMS RT = 3.12 min. Intermediate
Aj ; Preparation of
N-{4-[4-amino-6-(hydroxymethyI)-pyrroIo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyl}-N'-[4-(trifluorome
thyI)pyridin-2-yI]urea The procedure used for the
preparation of Intermediate Y was used to prepare the
title compound by substituting Intemediate AI for
Intermediate W. 1H-NMR (DMSO-J 6) d 10.13 (s, IH),
10.07 to 10.02 (br s, IH), 8.54 to 8.53 (d, J = 5.3
Hz, IH), 8.29 to 8.24 (t, J = 8.5 Hz, IH), 8.03 (s,
IH), 7.84 (s, IH), 7.67 (s, IH), 7.39 (s, IH), 7.38 to
7.35 (d, J = 8.7 Hz, IH), 7.21 to 7.19 (d, J = 9.7 Hz,
IH), 5.02 to 5.00 (t, J = 5.1 Hz, IH), 4.39 to 4.37
(d, J = 5.2 Hz, 2H); MS [M+H]+ = 462.0; LCMS RT = 2.44
min. Intermediate AK: Preparation of
N-{4-[4-amino-6-(l,3-oxazol-5-yl)pyrrolo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyI}-N'-[4-(trifluorome
thyl)pyridin-2-yI]urea Step 1: Preparation of
N-[4-(4-amino-6-formylpyrroIo[2,l-f][l,2,4]triazin-5-y
l)-2- fl uorophenyl]-N' [4-(tr ifluoromethyl)pyr
idin-2-yI]ur eaThe procedure used for the preparation
of Intermediate AF was used to prepare the title
compound by substituting Intermediate AJ for
Intermediate Y. 1H-NMR (DMSO-J 6) 6 10.16 (s, IH),
10.13 to 10.08 (br s, IH), 9.76 (s, IH), 8.55 to 8.54
(d, / = 5.3 Hz, IH), 8.34 to 8.29 (t, J = 8.6 Hz, IH),
8.28 (s, IH), 8.01 (s, IH), 7.97 (s, IH), 7.48 to 7.45
(d, = 11.2 Hz, IH), 7.39 to 7.38 (d, / = 5.7 Hz, IH),
7.29 to 7.27 (d, J = 8.1 Hz, IH); MS [M+H]+ = 459.9;
LCMS RT = 2.96 min. Step 2: Preparation of title
compound To a solution of THF (10 mL) and MeOH (10 mL)
cooled in an ice/water bath was added 0.5 M sodium
methoxide in MeOH (0.96 mL, 0.48 mmol) followed by
TosMIC (93 mg, 0.48 mmol). The solution was allowed to
stir for 5min and then N-[4-(4-amino-6-
formylpyrrolo[2, 1-fj
[1,2,4]triazin-5-yl)-2-fluorophenyl]-N'-[4-(trifluorom
ethyl)pyridin-2- yl]urea (73 mg, 0.16 mmol) was added.
The solution was heated to 60 0C for 17h. The reaction
mixture was allowed to cool and was transferred to a
separatory funnel, diluted with EtOAc (20 mL), washed
with aq saturated NaHCO3 (20 mL) and H2O (20 mL). The
aqueous layer was back extracted with EtOAc (2 x 20
mL). The combined organic layers were dried (MgSO4),
filtered, evaporated in vacuo and purified by flash
chromatography 5:4:1 v/v/v DCM/EtOAc/MeOH the
resulting purified fractions were combined and
evaporated providing 26 mg of the title compound as a
white solid (0.052 mmol, yield 33%). 1H-NMR (DMSO-J 6)
d 10.18 (s, IH), 10.16 to 10.12 (br s, IH), 8.55 to
8.54 (d, = 5.4 Hz, IH), 8.35 to 8.31 (t, J = 8.3 Hz,
IH), 8.30 (s, IH), 8.10 (s, IH), 8.01 (s, IH), 7.91
(s, IH), 7.39 to 7.36 (m, 2H), 7.23 to 7.21 (d, J =
10.4 Hz, IH), 6.63 (s, IH); MS [M+H]+ = 499.0; LCMS RT
= 2.85 min. Intermediate AL: Preparation of
N-{4-[4-amino-6-(methoxymethyI)pyrrolo[2,lf][
l,2,4]triazin-5-yl]-2-fluorophenyl}-N'-[4-(trifluorome
thyI)pyridin-2-yl]ureaThe procedure used for the
preparation of Intermediate Z was used to prepare the
title compound by substituting Intermediate AJ for
Intermediate Y. 1H-NMR (DMSO-J 6) d 10.14 (s, IH),
10.09 to 10.04 (br s, IH), 8.54 to 8.53 (d, J = 5.5
Hz, IH), 8.30 to 8.26 (t, J = 8.5 Hz, IH), 8.00 (s,
IH), 7.86 (s, IH), 7.76 (s, IH), 7.39 to 7.38 (d, J =
5.2 Hz, IH), 7.35 to 7.32 (d, J = 12.0 Hz, IH), 7.21
to 7.18 (d, J = 10.2 Hz, IH), 4.28 (s, 2H), 3.22 (s,
3H); MS [M+H]+ = 476.1; LCMS RT = 2.77 min.
Intermediate AM: Preparation of
N-{4-[4-amino-6-(cyanomethyl)pyrroIo[2,lf][
l,2,4Jtriazin-5-yl]-2-fluorophenyl}-N'-[4-(trifluorome
thyl)pyridin-2-yl]urea The procedure used for the
preparation of Intermediate AC was used to prepare the
title compound by substituting Intermediate AJ for
Intermediate M. 1H-NMR (Acetone-J 6) d 10.99 (s, IH),
9.39 (s, IH), 8.59 to 8.58 (d, / = 5.1 Hz, IH), 8.51
to 8.47 (t, J = 8.5 Hz, IH), 7.84 (s, IH), 7.82 to
7.81 (d, J =6.4 Hz, IH), 7.75 (s, IH), 7.38 to 7.35
(m, 2H), 7.30 to 7.28 (d, J = 8.4 Hz, IH), 3.86 (s,
2H); MS [M+H]+ = 471.0; LCMS RT = 2.75 min.
Intermediate AN: Preparation of ethyl
4-amino-5-{4-[({[6-(trifluoromethyI) pyr
idin-2-yl]amino}carbonyI)amino]phenyl}pyr r olo[2;,l
-f][l 2,4]tr iazine-6- carboxylateThe procedure used
for the preparation of Intermediate W was used to
prepare the title compound by substituting phenyl
[6-(trifluoromethyl)pyridin-2-yl]carbamate for phenyl
(4-tert-butylpyridin-2-yl)carbamate. 1H-NMR (DMSOd 6)
d 9.89 (s, IH), 9.74 (s, IH), 8.13 (s, IH), 8.02 to
7.97 (m, 2H), 7.92 (s, IH), 7.55 (d, / = 9 Hz, 2H),
7.53 to 7.50 (m, IH), 7.35 (d, / = 9 Hz, 2H), 5.12
(bs, IH), 4.07 (q, / = 7 Hz, 2H), 1.09 (t, = 7 Hz,
3H); MS [M+H]+ = 486.0; LCMS RT = 2.92 min; TLC Rf =
0.38 (3:1 v/v CH2Cl2-THF). Intermediate AO:
Preparation of
4-amino-5-{4-[({[6-(trifluormethyI)-pyridin-2-
yl]amino}carbonyI)amino]phenyI}pyrroIo[2,l-f][l,2,4]tr
iazine-6-carboxyIic acid The procedure used for the
preparation of Intermediate S was used to prepare the
title compound by substituting Intermediate AN for
Intermediate J. 1H-NMR (DMSO) d 10.29 (bs, IH), 8.03
to 7.96 (m, 3H), 7.86 (s, IH), 7.53 (d, J = 8.5 Hz,
2H), 7.45 (d, J = 7.0 Hz, IH), 7.33 (d, = 8.6 Hz, 2H);
MS [M+H]+ = 458.1; LCMS RT 2.51 min. Intermediate AP:
Preparation of 4-amino- -(2
2,2-trifluoroethyl)-5-{4-[({[6-
(trifluoromethyl)pyridin-2-yl]amino}carbonyl)-amino]ph
enyl}pyrroIo-[2,lf][ l,2,4]triazine-6-carboxamideThe
procedure used for the preparation of Intermediate T
was used to prepare the title compound by substituting
Intermediate AO for Intermediate S. 1H-NMR (CD3OD) d
8.05 (s, IH), 7.97 (s, IH), 7.85 (s, IH), 7.67 (d, / =
8.7 Hz, 2H), 7.56 (d, J = 8.7 Hz, IH), 7.46 to 7.41
(m, 3H), 3.94 (q, = 8.9 Hz, 2H); MS [M+H]+ = 539.0;
LCMS RT = 2.71. Intermdieate AQ:
N-{4-[4-amino-6-(methoxymethyI)pyr roIo[2,l f][l
,2,4]tr iazin-5-
yl]phenyl}-N'-[6-(trifluoromethyl)pyridin-2-yl]urea
Step 1: Preparation of
N-{4-[4-amino-6-(hydroxymethyl)pyrrolo[2,l-f][l,2,4]tr
iazin-
5-yl]phenyI}-N'-[6-(trifluoromethyl)pyridin-2-yl]urea
The procedure used for the preparation of Intermediate
Y was used to prepare the title compound by
substituting Intemediate AN for Intermediate W. 1H-NMR
(DMSO-J 6)6 9.87 (s, IH), 9.71 (s, IH), 8.03 to 7.99
(m, 3H), 7.82 (s, IH), 7.65 (s, IH), 7.57 to 7.55 (m,
3H), 7.50 to 7.47 (m, IH), 7.37 (d, J = 8.5 Hz, 2H),
4.97 to 4.94 (m, IH), 4.36 (d, / = 5.2 Hz, 2H); MS
[M+H]+ = 444.0; LCMS RT = 2.24 min. Step 2;
Preparation of title compound The procedure used for
the preparation of Intermediate Z was used to prepare
the title compound by substituting
N-{4-[4-amino-6-(hydroxymethyl)pyrrolo[2,lf]
[1,2,4]triazin-5-yl]phenyl
}-N'-[6-(trifluoiOmethyl)pyridin-2-yl]ureafor
Intermediate Y. 1H-NMR (DMSO-J6) 6 9.90 (s, IH), 9.74
(s, IH), 8.05 to 7.99 (m, 2H); 7.85 (s, IH), 7.75 (s,
IH), 7.58 (d, / = 8.8, 2H), 7.50 (dd, J = 8.8, = 6.8,
1.2, IH), 7.37 (d, J = 8.0, 2H), 4.26 (s, 2H), 3.19
(s, 3H); MS [M+H]+ = 457.9; LCMS RT = 2.70.
Intermdieate AR: Preparation of
N-{4-[4-amino-6-(methoxymethyl)-pyrrolo[2,lfJCl^^
Jtriazin-S-yljphenyll-N'-fl-chloro-S-^rifluoromethy^-p
henyljurea Step 1: Preparation of ethyl
4-amino-5-{4-[({[2-chloro-5-(trifluoromethyl)
pheny^aminolcarbony^aminolphenyljpyrroloP l -f l l tri
azine- -carboxylateTo a solution of DCE (5 mL) was
added Intermediate H (300 mg, 1.01 mmol) followed by
2-chloro-l-isocyanato-4-(trifluoromethyl)benzene (0.32
mL, 2.12 mmol). The reaction was stirred under N2 at
rt for 1 h, and then aq 2N HCl (0.50 mL, 1.01 mmol)
was added to the reaction followed by DMF (5 mL). The
solution was heated for an additional 1 h. Upon
cooling to rt, the solution was diluted with EtOAc,
transferred to a separatory funnel, and washed with aq
saturated NaHCO3. The aq layer was back extracted with
EtOAc. The combined organic layers were collected,
dried, concentrated, and purified by column
chromatography (95:5 v/v CH2Cl2-MeOH). The resulting
fractions containing product were concentrated and
triturated using CH2Cl and hexanes. The product was
filtered and dried in vacuo to afford 408 mg of the
above compound as a white solid (0.79 mmol, yield
78%). 1H-NMR (DMSO-J 6) d 9.72 (s, IH), 8.67 (s, IH),
8.64 (s, IH), 8.13 (s, IH), 8.08 (br s, IH), 7.93 (s,
IH), 7.72 (d, J = 8.5 Hz, IH), 7.56 (d, J = 8.8 Hz,
2H), 7.39 to 7.36 (m, IH), 7.34 (d, J = 8.6 Hz, 2H),
5.10 (br s, IH), 4.09 (q, J = 7.0 Hz, 2H), 1.12 (t, J
= 7.1 Hz, 3H); MS [M+H]+ = 519; LCMS RT = 3.58 min;
TLC R/= 0.26 (95:5 v/v CH2Cl2- MeOH). Step 2:
Preparation of
N-{4-[4-amino-6-(hydroxymethyl)pyrroIo[2,l-f][l
2,4]triazin-
5-yI]phenyI}-N'-[2-chloro-5-(trifluoromethyl)phenyl]ur
ea The procedure used for the preparation of
Intermediate Y was used to prepare by substituting
ethyl 4-amino-5-{4-[({
[2-chloro-5-(trifluoromethyl)-phenyl]amino }carbonyl)-
amino]phenyl}pyrrolo[2,l-f][l,2,4]triazine-6-carboxyla
te for Intermediate W. Step 3: Preparation of title
compound The procedure used for the preparation of
Intermediate Z was used to prepare the title compound
by substituting
N-{4-[4-amino-6-(hydroxymethyl)pyrrolo[2,l-f]-[l,2,4]t
riazin-5-yl]phenyl}-N'-[2-chloro-5-(trifluoromethyl)-p
henyl]urea for Intermediate Y. 1H-NMR (DMSO-J 6) d
8.55 (s, IH), 7.84 (s, IH), 7.74 (s, IH); 7.68 to 7.62
(m, 3H), 7.33 to 7.28 (m, 3H), 4.26 (s, 2H), 3.19 (s,
3H); MS [M+H]+ = 491.1; LCMS RT = 3.25. Intermediate
AS: Preparation of
N-{4-[4-amino-6-(cyanomethyl)pyrroIo[2,lfJCl^^
Jtriazin-S-ylJ^-fluorophenyll-N'-P-chloro-S-Ctrifluoro
methyOphenyyurea Step 1: Preparation of ethyl
4-amino-5-{4-[({[2-chloro-5-
(trifluoromethyI)phenyl]amino}carbonyl)amino]-3-fluoro
phenyI}pyrrolo[2,lf][ l,2,4]triazine-6-carboxyIate The
procedure used for the preparation of Intermediate AR,
step 1 was used to prepare ethyl
4-amino-5-{4-[({[2-chloro-5-(trifluoromethyl)phenyl]am
ino}-carbonyl)-
amino]-3-fluorophenyl}pyrrolo[2,l-f][l,2,4]triazine-6-
carboxylate by substituting Intermediate I for
Intermediate H. 1H-NMR (CD3OD) 6 9.46 (s, IH), 8.91
(d, J = 4.8 Hz, IH), 8.65 (d, J = 2.4 Hz, IH),
8.31-8.27 (m, 2H), 8.01 (s, IH), 7.63 (d, J = 8.0 Hz,
IH),7.35-7.23 (m, 3H), 4.18 (q, J = 8.0 Hz, 2H), 1.20
(t, / = 8.0 Hz, 3H); MS [M+H]+ = 537.2; LCMS RT =
3.76. Step 2: Preparation of
N-{4-[4-amino-6-(hydroxymethyI)pyrroIo[2,l-f][l,2,4]tr
iazin-5-
yl]-2-fluorophenyI}-N'-[2-chIoro-5-(trifluoromethyI)ph
enyI]urea The procedure used for the preparation of
Intermediate AR, step 2 was used to prepare the
intermediate methyl alcohol derivative by substituting
ethyl 4-amino-5-{4-
[({[2-chloiO-5-(trifluoromethyl)phenyl]amino}carbonyl)
amino]-3fluorophenyl}-pyrrolo-
[2,l-f][l,2,4]triazine-6-carboxylate for ethyl
4-amino-5-{4-[({[2-chloro-5-(trifluoromethyl)-
phenyl]amino}carbonyl)amino]phenyl}pyrrolo[2,l-f][l,2,
4]-triazine-carboxylate. 1H-NMR (CD3OD) d 8.65 (d, / =
2.4 Hz, IH), 8.31 (t, J = 8.4 Hz, IH), 7.89 (s, IH),
7.82 (s, IH), 7.63 (d, J = 8.4 Hz, IH), 7.38-7.28 (m,
3H), 4.54 (s, 2H); MS [M+H]+ = 495.2; LCMS RT = 3.08.
Step 3: Preparation of title compound The procedure
used for the preparation of Intermediate AC was used
to prepare the title compound by substituting
N-{4-[4-amino-6-(hydroxymethyl)pyrrolo[2,lf]
[1,2,4]triazin-5-yl]-2-fluororhenyl
}-N'-[2-chloro-5-(trifluoromethyl)phenyl]urea for
Intermediate M. 1H-NMR (CD3OD) d 9.48 (s, IH), 8.92
(s, IH), 8.66 (s, IH), 8.40-8.35 (m, IH), 7.94 (s,
IH), 7.89 (s, IH), 7.64 (d, J = 9.2 Hz, IH), 7.36 (d,
= 2.0 Hz, IH), 7.34- 7.32 (m, IH), 7.29-7.26 (m, IH),
3.82 (s, 2H); MS [M+H]+ = 504; LCMS RT = 3.10.
Intermediate AT: Preparation of
4-amino-7-bromo-5-{4-[({[2-fuoro-5-
(trifluoromethyI)-phenyl]amino}carbonyl)amino]phenyl}-
N -(2,2,2-
trifIuoroethyl)pyrrolo[2,l-f][l,2,4]triazine-6-carboxa
mide To a suspension of Intermediate T
(4-amino-5-{4-[({[2-fluoro-5-
(trifluoromethyl)phenyl]amino}carbonyl)amino]phenyl}-N
-(2,2,2-trifluoroethyl)-pyrrolo-
[2,l-f][l,2,4]triazine-6-carboxamide (505 mg, 0.9
mmol)) in acetonitrile (20 ml) was added
N-bromosuccinimide (177 mg, 1.0 mmol) and the reaction
mixture was heated at 60 0C in a sealed vial for Ih.
After cooling to 0 0C, the crude was filtered and
washed with cold CH3CN (3x) and subsequently ethyl
ether to afford 550 mg as solid. No further
purification was needed. MS [M+H]+ = 634.1; LCMS RT =
3.12 min. Intermediate AU: Preparation of
4-amino-5-4-[([2-fluoro-5-(trifluoromethyl)-
phenyl]aminocarbonyI)amino]phenyl-7-formyl-N-(2,2,2-tr
ifluoroethyl)pyrrolo-[2,lf][
l,2,4]triazine-6-carboxamideTo a solution Intermediate
AT ((4-amino-7-bromo-5-{4-[({[2-fluoro-5-
(trifluoromethyl)phenyl]amino}carbonyl)amino]phenyl}-N
-(2,2,2-trifluoro-ethyl)-pyrrolo-
[2,l-f][l,2,4]triazine-6-cai-boxamide (400 mg, 0.63
mmol)) in THF (10 ml) at -78 C under N2 was added
n-BuLi (1.26 ml, 3.15 mmol) slowly. After 15 min., DMF
was added and the reaction mixture was allowed to warm
up to rt. The reaction was diluted with EtOAc and was
washed with H O (3x). The organic layer was dried
(Na2SO4), concentrated and purified via flash column
chromatography (95:5 v/v CH2Cl -MeOH) to afford 230 mg
of the title compound (yield 62%). H-NMR (DMSO-d6)
dlq.36 (s, IH), 9.33 (s, IH), 9.05 (dd, J = 6 Hz, IH),
9.93(d, / = 3 Hz, IH), 8.63 to 8.59(m, IH), 8.21 (s,
IH), 7.93 (s, 3H), 7.55 to 7.32 (m, 6H), 3.98 to
3.92(m, 2H); MS [M+H]+ = 584.0; LCMS RT = 3.21 min.
Intermediate AV: Preparation of
N-{4-[4-amino-7-bromo-6-(methoxymethyl)-
pyrroIo[2,l-f][l,2,4]triazin-5-yl]phenyl}-N'-[2-fluoro
-5-(trifluoromethyl)-phenyl]urea To a suspension of
Intermediate AA (N-{4-[4-amino-6-
(methoxymethyl)pyrrolo [2,1-f]
[1,2,4]triazin-5-yl]phenyl
}-N'-[2-fluoro-5-(trifluoromethyl) phenyl]urea (750
mg, 1.58 mmol)) in acetonitrile (7 ml) was added
Nbromosuccinimide (365mg, 2.0mmol) and the mixture was
heated at 60 C in a sealed vial for Ih. After cooling
to 0 0C, the reaction was filtered and washed with
cold CH3CN andethyl ether (3x) to give the crude
product as a solid, which was purified via flash
column chromatography (95:5 v/v CH2Cl2-MeOH) to afford
additional 50 mg of the title compound. 1H-NMR
(DMSO-d6) d9.34 (s, IH), 8.95 (d, J = 3 Hz, IH), 8.6
(m, IH), 7.98(s, IH), 7.60 (d, / = 3 Hz, IH), 7.57 to
7.58 (m, IH), 7.49 (m, IH), 7.38 to 7.34(m, 2H),
4.21(s, 2H), 3.16(s, 3H); MS [MH-H]+ = 553; LCMS RT =
3.24 min. Intermediate AW: Preparation of
N-{4-[4-amino-7-formyl-6-(methoxymethyl)-
pyrrolo[2,l-f][l,2,4]triazin-5-yI]phenyl}-N'-[2-fluoro
-5-(trifluoromethyl)-phenyl]urea The procedure used
for the preparation of Intermediate AU was used to
prepare the title compound by substituting Intemediate
AV (N-{4-[4-amino-7-bromo-6- (methoxymethyl)pyrrolo
[2, 1-f] [1,2,4]triazin-5-yl]phenyl
}-N'-[2-fluoro-5-(trifluoromethyl) phenyl]urea) for
Intermediate AT (4-amino-7-bromo-5-{4-[({[2-fluoro-5-
(trifluoromethyl)phenyl] amino }carbonyl)amino]phenyl
}-N-(2,2,2-trifluoroethyl)-pyrrolo-
[2,l-f][l,2,4]triazine-6-carboxamide). The title
compound was obtained as isolated and was used without
further purification. MS [M+H]+ = 503; LCMS RT = 3.21
min. Intermediate AX: Preparation of
l-[4-amino-5-(4-amino-3-fluorophenyl)-7-
(morpholin-4-ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-6-y
l]ethanoneStep 1: Preparation of
lH-pyrrole-2,4-dicarbonitrile To a solution of ACN (15
mL) was added pyrrole (1.03 rriL, 14.9 mmol) which was
cooled in an ice/salt bath. Chlorosulfonyl isocyanate
(2.73 mL, 31.3 mmol) was diluted in ACN (5 mL) and
then added to the reaction dropwise over the following
30 min. The ice/salt bath was removed and the solution
was allowed to warm to rt over the next 1.5 h. The
solution was then cooled in an ice/salt bath and DMF
(5.00 mL, 65.0 mmol) was slowly added via an addition
funnel. The solution was allowed to slowly warm to rt
over 17 h. The solution was cooled in an ice/salt bath
and aq IN NaOH (50 mL) was added followed by EtOAc (50
mL). The solution was transferred to a separatory
funnel, and the organic layer was isolated and the
aqueous layer was back extracted with EtOAc (2x). The
collected organic was washed with aq saturated NaHCO3
followed by H2O (100 mL). The aqueous layers were back
extracted with EtOAc (2 x 50 mL). The combined organic
layers were collected, dried (MgSO4), concentrated
onto silica gel, and purified by column chromatography
(9:1 v/v CH2Cl2-EtOAc) to afford 1.28 g of the above
compound as a white solid (10.9 mmol, yield 73%).
1H-NMR (DMSO-J 6) d 13.29 (br s, IH), 8.00 (s, IH),
7.49 (s, IH); LCMS RT = 1.65 min. Step 2 ; Preparation
of l-amino-lH-pyrroIe-2,4-dicarbonitrile To a solution
of DMF (100 mL) was added
lH-pyrrole-2,4-dicarbonitrile (1.00 g, 8.54 mmol)
followed by NaH, 60% dispersion in mineral oil (0.51
g, 12.8 mmol). The solution was stirred at rt for 15
min and then (aminooxy)(diphenyl) rhosphine oxide
(2.99 g, 12.8 mmol) was added, and the solution was
heated to 80 0C for 2 h. Upon cooling to rtthe
solution was filtered washing with CH Cl2. The
solution was partially concentrated and a white
precipitate formed which was filtered. The mother
liquor was then evaporated under vacuum and
subsequently purified by MPLC (Isco) 100% CH2Cl2
ramping to 9:1 v/v CH Cl -EtOAc. The resulting
purified fractions were combined and concentrated in
vacuo yielding 0.92 g of a white solid (6.98 mmol,
yield 82%). 1H-NMR (DMSO-J 6) d 7.92 (d, / = 1.8 Hz,
IH), 7.39 (d, J = 1.9 Hz, IH), 6.66 (s, 2H); MS [M+H]+
= 133.0; LCMS RT = 0.96 min. Step 3: Preparation of
4-aminopyrrolo[2,l-f][l,2,4]triazine-6-carbonitriIe To
a solution of EtOH (50 mL) was added 1-amino-
lH-pyrrole-2,4-dicarbonitrile (1.00 g, 7.57 mmol)
followed by formamidine acetate (9.46 g, 90.8 mmol)
and potassium carbonate (14.6 g, 106.0 mmol). The
solution was heated to 80 0C for 2 h . Upon cooling to
it, the reaction mixture was diluted with EtOAc
transferred to a separatory funnel and washed with
water. The organic layer was collected, dried (MgSO4),
filtered, and concentrated to dryness. The crude
material was then triturated with EtOH- water. The
solid was collected, washed with water, and dried
under vacuum to afford 0.91 g of the above compound as
a yellow-orange solid (5.70 mmol, yield 75%). 1H-NMR
(DMSO-^ ) d 8.37 (d, / = 1.8 Hz, IH), 8.19 (d, / =
17.4, 2H), 7.93 (s, IH), 7.27 (d, J = 1.8 Hz, IH);
LCMS RT = 1.14 min. Step 4: Preparation of
4-aminopyrrolo[2,l-f][l,2,4]triazine-6-carbaIdehydeTo
a solution of THF (200 mL) was added
4-aminopyrrolo[2,l-f][l,2,4]triazine-6- carbonitrile
(1.00 g, 6.28 mmol). The solution was heated until all
stalling material was in solution and was then cooled
in an ice-water bath. IM Diisobutylaluminum hydride in
THF (50.3 mL, 50.3 mmol) was then added to the
solution which was stirred for Ih. EtOAc was added to
the solution and it was then allowed to warm to rt.
Wet silica gel was carefully pipetted into the
solution, and the reaction mixture was heated to 50 0C
for 30 min, filtered through Celite, and washed with
excess EtOAc. The solution was transferred to a
separatory funnel and washed with water. The organic
layer was collected, dried (MgSO4), filtered, and
concentrated to dryness yielding 0.92 g of yellow
solid (5.69 mmol, yield 91%). 1H-NMR (DMSO-J 6) d 9.91
(s, IH) 7.92 (d, J = 1.7 Hz, IH), 8.14 (d, J = 35.3
Hz, 2H), 7.89 (s, IH), 7.30 (d, J = 1.8 Hz, IH); MS
[M+H]+ = 163.3; LCMS RT = 1.07 min. Step 5:
Preparation of
l-(4-aminopyrrolo[2,l-f][l,2,4]triazin-6-yI)ethanol To
a solution of THF (100 mL) was added 3.0 M
methylmagnesium bromide in diethyl ether (14.0 mL,
41.9, mmol) cooled in an ice bath. Then
4-aminopyrrolo[2,lf][ l,2,4]triazine-6-carbaldehyde
(0.68 g, 4.19 mmol) was added as a solution in THF
(200 mL) via an addition funnel. The reaction was
allowed to slowly warm to rt over the following 17 h.
The reaction was carefully treated with MeOH (10 mL)
followed by aq saturated NH4Cl (50 mL) and EtOAc (50
mL). The solution was transferred to a separatory
funnel and the organic layer was isolated while the
aqueous layer was back extracted with EtOAc (4 x
2OmL). The combined organic layers were collected,
dried (MgSO4), filtered, and concentrated to dryness.
The crude material was then purified by flash
chromatography (85:15 v/v CH2Cl2-MeOH). The purified
fractions were concentrated in vacuo and then dried
under vacuum to afford 422 mg of the above compound
(2.37 mmol, yield 56%). 1HNMR (DMSO-J 6) d 7.72 (s,
IH), 7.59 (br s, 2H), 7.45 (dd, J = 0.5 Hz, 1.7 Hz,
IH), 6.76(dd, J = 0.5 Hz, 1.7 Hz, IH), 5.03 (d, J =
4.7 Hz, IH), 4.79 (m, IH), 1.38 (d, J = 6.5 Hz, 3H);
MS [M+H]+ = 179.3; LCMS RT = 1.04 min. Step 6:
Preparation of
l-[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,l-f][l,2,
4]triazin-6- yl]ethanol To a solution of AcOH (70 mL)
was added l-(4-aminopyrrolo[2,l-f][l,2,4]triazin-
6-yl)ethanol (611 mg, 3.43 mmol) followed by the
addition of a 0.5 M solution of 37% formaldehyde in
water (0.26 mL, 3.43 mmol) and morpholine (0.30 mL,
3.43 mmol) in AcOH (6.86 mL) was added. The reaction
was heated to 60 0C for 1.5h. The solution was allowed
to cool to rt and was then evaporated via rotary
evaporation chasing the remaining AcOH with toluene.
The crude material was purified by column
chromatography (85:15 v/v CH2Cl2-EtOAc) to afford 633
mg of the above compound (2.28 mmol, yield 67%). 1HNMR
(DMSO-J 6) d 7.79 (s, IH), 7.57 (br s, 2H), 6.85 (s,
IH), 4.94 (m, IH), 3.84 (m, 2H), 3.49 (m, 4H), 2.37
(m, 4H), 1.41 (d, J 6.6 Hz, 3H); MS [M+H]+ = 278.0;
LCMS RT = 1.01 min. Step 7; Preparation of ethyl
l-[4-amino-5-bromo-7-(morpholin-4-ylmethyI)-
pyrrolo[2,l-f][l,2,4]triazin-6-yl]ethanolTo a solution
of THF (500 mL) was added l-[4-arnino-7-(morpholin~4-
ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-6-yl]ethanol
(2.49 g, 8.99 mmol), which was cooled in an ACN-dry
ice bath. Then l,3-dibromo-5,5-dimethylhydantoin (1.29
g, 4.50 mmol) was added and in two batches 20 min
apart and the reaction stirred for a total of 45 min.
The reaction was quenched with aq saturated Na2SO (500
mL) as the solution warmed to rt. EtOAc (500 mL) was
added to the reaction and the solution was transferred
to a separatory funnel and the organic layer was
isolated while the aqueous layer was back extracted
with EtOAc (2 x 200 mL). The combined organic layers
were collected, dried (MgSO4), filtered, and
concentrated to dryness. The crude material was
purified by MPLC (Isco) 100% CH2Cl2 to 9:1 v/v
CH2Cl2-MeOH. The resulting purified fractions were
combined and concentrated in vacuo yielding 2.52 g of
the above compound (7.09 mmol, yield 79%). 1H-NMR
(DMSO-J 6) d 7.85 (s, IH), 5.85 (d, J = 5.3, IH), 4.91
(m, IH), 4.01 (d, J = 13.6 Hz, IH), 3.87 (d, J = 13.2
Hz, IH), 3.50 (m, 2H), 2.50 (m, 4H), 2.39(m, 4H), 1.45
(d, J = 6.5 Hz, 3H); MS [M+H]+ = 355.9; LCMS RT = 1.08
min. Step 8: Preparation of
l-[4-amino-5-bromo-7-(morphoIin-4-yImethyl)-pyrrolo[2,
lf][ l,2,4]triazin-6-yl]ethanone To a solution of THF
(100 mL) was added ethyl
l-[4-amino-5-bromo-7-(morpholin-
4-ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-6-yl]ethanol
(419 mg, 1.18 mmol) followed by Dess-Martin
periodinane (748 mg, 1.76 mmol). The solution was
stirred at rt for 1 h and then quenched by addition of
aqueous saturated sodium thiosulfate and NaHCO3 (100
mL) followed by EtOAc (100 mL) to the reaction. The
solution was stirred for 30 min at rt and then
transferred to a separatory funnel. The organic layer
was isolated while the aqueous layers were back
extracted with EtOAc (2 x 50 mL). The combined organic
layers were collected, dried (MgSO4), filtered, and
concentrated to dryness. The crude material was then
triturated with THF-Et 2O. The solid was collected,
washed with Et2O (150 mL), anddried under vacuum. The
mother liquor was concentrated and purified by MPLC
(Isco) 100% CH2Cl2 to 9:1 v/v CH2Cl2-MeOH. The
resulting purified fractions were combined with the
solid and concentrated in vacuo yielding 344 mg of the
above compound (0.97 mmol, yield 83%). 1H-NMR (DMSOd
6) d 8.35 (br s, IH), 7.94 (s, IH), 7.13 (br s, IH),
4.02 (s, 2H), 3.47 (m, 4H), 2.64 (s, 3H), 2.35 (m,
4H); MS [M+H]+ = 354.0; LCMS RT = 1.11 min. Step 9:
Preparation of tert-butyl
{4-[6-acetyl-4-amino-7-(morphoIin-4-
yImethyl)pyrrolo[2,l-f][l,2,4]triazin-5-yl]-2-fluoroph
enyl}carbamate To a solution of 1,4-dioxane (30 mL)
was added l-[4-amino-5-bromo-7-
(morpholin-4-ylmethyl)pyriOlo[2,l-f][l,2,4]triazin-6-y
l]ethanone (222 mg, 0.627 mmol), tert-butyl
[3-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-
yl)phenyl]carbamate (423 mg, 1.25 mmol), and Na2CO3
(199 mg, 1.88 mmol). N2 was bubbled through the
solution for 15 min, and then
tetrakis(triphenylphosphine)palladium(0) and water
(3.0 mL) were added. N was again bubbled through the
solution for 15 min, and then the solution was heated
to 80 0C for 17 h. Upon cooling to rt EtOAc (50 mL)
and water (50 mL) were added to the reaction mixture
which was then transferred to a separatory funnel. The
organic layer was isolated while the aqueous layer was
back extracted with EtOAc (2 x 50 mL). The combined
organic layers were collected, dried (MgSO4),
filtered, and concentrated to dryness. The crude
material was then purified by column chromatography
(5:4:1 v/v/v CH2Cl2-EtOAc-MeOH. The resulting purified
fractions were combined and concentrated in vacuo
yielding 305 mg of the above compound as a white solid
(0.63 mmol, yield 100%). 1H-NMR (DMSO-J 6) d 9.16 (s,
IH), 7.97 (s, IH), 7.78 (t, J = 8.4 Hz, IH), 7.28 (dd,
J = 1.7 Hz, 11.1 Hz, IH), 7.15 (dd, J = 2.0 Hz, 8.4
Hz, IH), 4.06 (s, 2H), 3.49 (m, 4H), 2.42 (m, 4H),
2.15 (s, 3H), 1.49 (s, 9H); MS [M+H]+ = 485.1; LCMS RT
= 2.28 min.Step 10: Preparation of the title compound
To a solution of CH2Cl2 (50 mL) was added of
tert-butyl {4-[6-acetyl-4-amino-7-
(morpholin-4-ylmethyl)pyitolo[2,l-f][l,2,4]triazin-5-y
l]-2 fluorophenyl}-carbamate (291 mg, 0.60 mmol)
followed by trifluoroacetic acid (5 mL). The solution
was allowed to stir for 30 min at rt. Aq saturated
NaHCO3 was added to the solution until bubbling
stopped. Additionally CH2Cl2 was added and the
solution was then transferred to a separatory funnel.
The organic layer was isolated while the aqueous layer
was back extracted with CH2Cl2 (2 x 25 mL). The
combined organic layers were collected, dried (MgSO4),
filtered, and concentrated to dryness yielding 214 mg
of the above compound as a white solid (0.56 mmol,
yield 93%). 1H-NMR (DMSO-J6) d 7.95 (s, IH), 7.08 (dd,
J = 1.7 Hz, 10.3 Hz, IH), 6.92 (dd, J = 1.8 Hz, 7.9
Hz, IH), 6.86 (t, J = 8.7 Hz, IH), 5.47 (s, 2H), 4.05
(s, 2H), 3.49 (m, 4H), 2.41 (m, 4H), 2.06 (s, 3H); MS
[M+H]+ = 385.1; LCMS RT = 1.16 min. Intermediate AY.
Preparation of Ethyl 4-amino-7-bromo-5-{4-[({[4-
(trifluoromethyl)pyridin-2-yl]amino}carbonyl)amino]phe
nyl}pyrrolo[2,l-f]- [l,2,4]triazine-6-carboxylateStep
1; Preparation of Ethyl
4-amino-7-bromo-5-(4-nitrophenyl)pyrrolo[2,lf][
l,2,4]triazine-6-carboxyIate Ethyl
4-amino-5-(4-nitrophenyl)pyrrolo[2,l-f][l,2,4]triazine
-6-carboxylate (2.0 g, 6.11 mmol) was suspended in ACN
and treated with N-bromosuccinimide (1.20 g, 6.72
mmol). The dark suspension was heated to 60 0C for 1
h. The suspension was cooled and filtered. The brown
solid was washed with ACN and MeOH. The product was
collected by filtration to give 2.06 g of a yellow
brown solid (83 %). 1H-NMR (DMSO-J6) d 8.26 (d, / =
8.8, 2H), 8.07(s, IH), 7.64 (d, J = 8.8, 2H), 4.02 (q,
/ = 7.0, 2H), 0.95 (t, / = 7.0, 3H); MS [M+H]+ =
406.1, 408.0; LCMS RT = 2.93. Step 2: Preparation of
Ethyl 4-amino-5-(4-aminophenyl)-7-bromopyrrolo[2,lf][
l,2,4]triazine-6-carboxylate
Ethyl-4-amino-7-bromo-5-(4-nitrophenyl)pyrrolo[2,l-f][
l,2,4]triazine-6- carboxylate (2.06g, 5.07 mmol) was
suspended in EtOH (30 mL) and treated with
tin(p)chloride dihydrate (3.66 g. 16.2 mmol). The
mixture was heated to reflux for 18 h. The mixture was
concentrated then diluted with EtOAc and saturated
NaHCO3 solution. The emulsion was filtered and the
filtrate was transferred to a separatory funnel.
Theorganic layer was washed with water and saturated
NaCl solution, dried then (MgSO ) and concentrated to
afford 1.5 g of the desired product as tan solid (79
%). 1H-NMR (DMSOd 6) d 8.00 (s, IH), 7.00 (d, J = 8.6,
IH), 6.62 (d, J =9.2, 3H), 5.40 (bd, , 2H), 5.19 (bs,
2H), 4.05 (q, J =7.0, 2H), 1.03 (t, J =7.0, 3H); MS
[M+H]+ = 376.0, 378.0; LCMS RT = 2.02. Step 3.
Preparation of title compound
Ethyl-4-amino-5-(4-aminophenyl)-7-bromopyrrolo[2,l-f][
l,2,4]triazine-6- carboxylate (1.5 g, 3.99 mmol) was
suspended in THF (20 mL) and treated with
triethylamine (0.56 mL, 3.99 mmol) and phenyl
[4-(trifluoromethyl)pyridin-2-yl]carbamate (1.13 g,
3.99 mmol). The mixture was heated to 70 0C for 18 h.
After cooling to rt, he mixture was concentrated then
suspended in EtOAc. The product was collected by
filtration to give 2.0 g of a tan solid (89 %). 1H-NMR
(DMSO-J 6) d 9.91 (s, IH) 9.75 (s, IH), 8.53 (d, J =
5.4, IH), 8.06 (s, IH), 8.04 (s, IH), 7.60 (d, J = 11,
2H), 7.37-7.31 (m, 3H), 5.15 (bs, 2H), 4.04 (q, J =
7.1, 2H), 0.99 (t, J =12, 3H); MS [M+H]+ = 563.9,
565.9; LCMS RT = 3.22. Intermediate AZ: Preparation of
ethyl 4-amino-7-bromo-5-{4-[({[4-
(trifluoromethyl)pyridin-2-yI]amino}carbonyl)amino]phe
nyl}pyrrolo[2,lf][ l,2,4]triazine-6-carboxylateThe
procedure used for the preparation of Intermediate AT
was used to prepare the title compound by substituting
Memediate W for Intermediate T. Intermediate AAA;
5-bromo-6-(methoxymethyI)-7-(morpholin-4-ylmethyl)-
pyrrolo[2,l-f][l,2,4]triazin-4-amine Step 1:
Preparation of
(4-aminopyrrolo[2,l-f][l,2,4]triazin-6-yI)methanol To
a solution of THF (150 mL) was added ethyl
4-aminopyrrolo[2,lfj[ l,2,4]triazine-6-carboxylate
(2.29 g, 4.65 mmol) followed by 1M DlBAL in THF (28.8
mL, 28.8 mmol). The solution was stirred at rt for Ih.
The rxn mixture was treated with EtOAc followed by aq
Rochelle's salt. This heterogeneous mixture was then
heated at 60 0C for 30 min. The solution was
transferred to a separatory funnel, separated and
washed with water. The aq layer was back extracted
with EtOAc. The organic layer was dried (MgSO4),
filtered, and concentrated to yield 550 mg (93 %) of
the desired product. MS [M+H]+ = 165; LCMS RT =
1.03.Step 2; Preparation of
[4-amino-7-(morpholin-4-yImethyI)pyrrolo[2,l-fl[l,2,4]
triazin- 6-yl]methanoI To a solution of DMF (50 mL)
was added (4-aminopyrrolo[2,l-f][l,2,4]triazin-6-
yl)methanol (550 mg, 3.35 mmol) and
4-methylenemorpholin-4-ium chloride {Eur. J. Med.
Chem. 1989, 24, 379-384) (636 mg, 4.69 mmol). The
solution was stirred at rt for 1 h and then the
solvent was evaporated. The oil was triturated with CH
Cl2 and a white solid was collected. The free based
was obtained by stirring over a Dowex 66 solid support
resin in MeOH. The material was filtered and
evaporated yielding 794 mg (90 %) of the desired
product as a white solid. MS [M+H]+ = 264; LCMS RT =
1.07. Step 3: Preparation of
6-(methoxymethyl)-7-(morpholin-4-ylmethyl)pyrrolo[2,lf
][ l,2,4]triazin-4-amine The procedure used for the
preparation of Intermediate Z was used to prepare the
title compound by substituting
[4-amino-7-(morpholin-4-ylmethyl)pyrrolo[2,lf][
l,2,4]triazin-6-yl]methanol for Intermediate Y
(N-{4-[4-amino-6-(hydroxylmethyl)
pyrrolo[2,l-fJ[l,2,4]triazin-5-yl]phenyl}-N'-[4-(trifl
uoromethyl)-pyridin-2-yl]urea. MS [M+H]+ = 278; LCMS
RT = 1.07. Step 4. Preparation of title compoundThe
procedure used for the preparation of the product of
step 7 in Intermediate AX (ethyl
1-[4-amino-5-bromo-7-(morpholin-4-ylmethyl)-pyrrolo
[2, 1-f] [1,2,4]triazin-6-yl] - ethanol) was used to
prepare the title compound by substituting
6-(methoxymethyl)-7-
(morpholin-4-ylmethyl)pyrrolo[2,l-f|[l,2,4]triazin-4-a
mine for l-[4-amino-7-(morpholin-
4-ylmethyl)pyrrolo[2,l-f][l,2,4]triazin-6-yl]ethanol.
MS [M+H]+ = 356; LCMS RT = 1.12. Intermediate AAB;
Preparation of
l-[2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-
dioxaborolan-2-yl)phenyl]-3-[2-fluoro-5-(trifluorometh
yI)phenyI]urea Step 1: Preparation of
2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan
-2- yl)aniline Potassium acetate (3 eq) and
4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-l,3,2-
dioxaborolane (1.1 eq) were added as solids to a flask
then placed under N2. 4-Bromo-2-5- difluoroaniline ( 1
eq) in DMSO (0.4 M) was then added to the flask. The
reaction was taken through three purge-fill cycles
using high vacuum then nitrogen and Pd(dppf)CH 2Cl2
(0.01 eq) was added. The reaction was again placed
under vacuum then blanketed with nitrogen. The
reaction was heated at 80 0C until the TLC showed the
complete consumption of starting bromide
(approximately 90 minutes). After cooling to rt,
EtOAcwas added and the reaction was partitioned
between EtOAc and saturated aqueous bicarbonate. The
organic layer was washed with brine seven times to
remove DMSO. The material was then dried (Na2SO4) and
concentrated under vacuum. The desired product was
obtained after column chromatography (0-100% v/v
CH2C12/Hexanes). 1H-NMR (DMSOd6) 1H-NMR (JMSO-U6) 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+H]+ =
256.3, LCMS RT = 3.13 min. Step 2: Preparation of the
title compound. To a solution of
2,5-difluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan
-2-yl)aniline ( 1 eq) in THF ( 1 M) was added
2-fluoro-5-trifluoromethyl phenylisocyante (1.2 eq).
The reaction was stirred at room temperature
overnight. The desire product was precipitated from
the reaction mixture by the addition of 1:2
ether/hexanes. The desired title compound was obtained
as a solid after filtration and drying in vacuo. MS
[M+H]+ = 461.2 ,LCMS RT = 4.38 min. Intermediate AAC;
l-{4-[4-amino-7-formyI-6-(methoxymethyl)pyrrolo[2,lf][
l,2;
,4]triazin-5-yl]-2-fluorophenyI}-3-[2-fluoro-5-(triflu
oromethyI)phenyl]urea Step 1: Preparation of
l-{4-[4-amino-7-bromo-6-(methoxymethyl)pyrrolo[2,lf][
l,2,4]triazin-5-yI]-2-fluorophenyl}-3-[2-fluoro-5-(tri
fluoromethyl)phenyl]ureaTo a solution of THF (500 mL)
was added l-{4-[4-amino-6-
(methoxymethyl)pyriOlo[2,l-f][l,2,4]t
pazin-5-yl]-2-fluorophenyl}-3-[2-fluoro-5-
(trifluoromethyl)phenyl]urea (2.29 g, 4.65 mmol). The
solution was cooled to -40 0C and then
l,3-dibromo-5,5-dimethylhydantoin (665 mg, 2.33 mmol)
was added in two batches 20 min apart. The reaction
was stirred at -40 0C for Ih and then allowed to warm
to rt over the following 2h. Aq saturated Na2SO3 was
added to the reaction followed by EtOAc. The layers
were separated and the aqueous layer was back
extracted with EtOAc. The organic layer was washed
with IN NaOH and water, dried (Na2SO4), filtered and
evaporated to yield 2.83 g crude (107 %) of the
desired product. MS [M-I-H]+ = 571; LCMS RT = 3.54.
Step 2. Preparation of title compound To a solution of
THF (35 mL) was added l-{4-[4-amino-7-bromo-6-
(methoxymethyl)pyrrolo[2,l-fJ[l,2,4]triazin-5-yl]-2-fl
uorophenyl}-3-[2-fluoro-5-
(trifluoromethyl)phenyl]urea (200 mg, 0.35 mmol). The
solution was cooled to -77 0C, and then 2.5 M n-BuLi
in hexanes (0.70 mL, 1.75 mmol) was added. The
reaction was stirred for 1 min and then DMF (0.16 mL,
2.1 mmol) was added. The solution was stirred for an
additional 5 min, and the ice bath was removed. The
reaction was allowed to warm to rt over the following
Ih. EtOAc was added to the solution followed by water.
The solution was separated and the aqueous layer was
back extracted with EtOAc. The combined organic
fractions were dried (MgSO4), filtered, and evaporated
yielding the title compound as crude material (216 mg,
119 %). MS [M+H]+ = 521; LCMS RT =3.49. Intermediate
AAD:
5-bromo-6-chIoro-7-(morphoIin-4-yImethyl)pyrroIo[2,lf]
[ l,2,4]triazin-4-amine Jj: Preparation of
2,2,2-trichloro-l-(4-chloro-lH-pyrroI-2-yl)ethanoneTo
a solution of 2-(trichloroacetyl)pyrrole (4.o g, 18.83
mmol) in chloroform (28 ml) at 0 0C was added sulfuryl
chloride (13mL, 13.2 mmol). The mixture was stirred
for 17 hours at room temperature. TLC analysis
indicated 50% conversion of starting material.
Sulfuryl chloride (13mL, 13.2 mmol) was added and the
reaction mixture was stirred for another 4 hours at
room temperature. The reaction was quenched with
distilled water (50 mL). CH2Cl2 (50 mL) was added to
the reaction and the solution was transferred to a
separatory funnel and the organic layer was isolated
while the aqueous layer was back extracted with CH2Cl
(2 x 50 mL). The combined organic layers were
collected, dried (MgSO4), filtered, and concentrated
in vacuo to yield 3.5 g of the above compound (14.18
mmol, yield 75%). 1H-NMR (CDCl3- 1) d 9.45 (s, IH),
7.27 (dd, = 2.8, 1.6, IH), 7.12 (dd, J = 3.2, 1.6 Hz,
IH). Step 2. Preparation of
4-chIoro-lH-pyrrole-2-carboxamide A solution of
2,2,2-trichloro-l-(4-chloro-lH-Pyrrol-2-yl)ethanone
(14.0 g, 56.7 mmol) in THF (100 mL) was bubbled with
ammonium gas for 2h at room temperature. TLC analysis
indicated that there was complete conversion of
starting material. The reaction mixture was
concentrated in vacuo to yield 7.5 g of the above
compound (51.88 mmol, yield 92%).. 1H-NMR (Acetone-d
6) d 10.92 (br s, IH), 7.21 (br s, IH), 7.02 (s, IH),
6.84 (s, IH), 6.57 (br s, IH). Step 3. Preparation of
4-chIoro-lH-pyrrole-2-carbonitriIe To a solution of
4-chloro-lH-pyrrole-2-carboxamide (7.5 g, 51.88 mmol)
in toluene (50 mL) was added POCl3 (5.8 mL, 62.26
mmol). The mixture was heated to 80 0C for 4hours. TLC
analysis indicated that there was complete conversion
of starting material. Toluene and excess POCl3 were
removed under reduced pressure and the remaining
solids were dissolved in EtOAc (30 mL). The pH was
adjusted to 8 using IN NaOH and the solution was
transferred to a separatory funnel and the organic
layer was isolated while the aqueous layer was back
extracted with EtOAc1(2 x 50 mL). The combined organic
layers were collected, dried (MgSO4), filtered, and
concentrated in vacuo. The crude material was purified
by column chromatography (60% EtOAc/Hexanes) to afford
3.6 g of the above compound (28.45 mmol, yield 55%).
1H-NMR (Acetone-^) d 11.62 (br s, IH), 7.25 (dd, =
2.8, 1.2 Hz, IH), 6.93 (dd, = 2.8, 1.2 Hz, IH). Step
4. Preparation of
l-amino-4-chIoro-lH-pyrrole-2-carbonitrile To a
rapidly stirred solution of
4-chloro-lH-pyrrole-2-carbonitrile (3.6 g, 28.4 mmol)
in DMF (75 mL) was added NaH (1.7 g, 42.7 mmol)
portion wise over 20 min. The dark brown solution was
allowed to stir for an additional 10 min. The
aminating reagent ((aminooxyXdiphenyl)phosphine oxide)
(10 g, 42.7 mmol) was added in one portion. The
mixture was heated to 80 0C for 6 hours. The reaction
was quenched with distilled water (100 mL). EtOAc (50
mL) was added to the reaction and the solution was
transferred to a separatory funnel and the organic
layer was isolated while the aqueous layer was back
extracted with EtOAc (2 x 50 mL). The combined organic
layers were collected, dried (MgSO ), filtered, and
concentrated in vacuo to yield 3.4 g of the above
compound (24.02 mmol, yield 84%). Step 5. Preparation
of 6-chIoropyrrolo[2,l-f][l 2,4]triazin-4-amine To a
stirred suspension of
l-amino-4-chloro-lH-pyrrole-2-carbonitrile (3.4 g,
24.02 mmol) in EtOH (160 mL) was added formamidinium
acetate (25 g, 240.2 mmol). The mixture was heated to
80 0C over night. TLC analysis indicated that there
was completeconversion of starting material. The
reaction mixture was cooled to room temperature and
then filtered. Ethanol was removed under reduced
pressure and the remaining solids were purified by
column chromatography (EtOAc) to afford 2.2 g of the
above compound (13.1 mmol, yield 54%). 1H-NMR (MeOD-J
4) d 7.77 (s, IH), 7.56 (d, J = 1.6 Hz, IH), 6.82 (d,
J = 1.6 Hz, IH); LCMS RT = 1.30 min; MS {M+H]+ = 168.8
Step 6. Preparation of
6-chIoro-7-(morphoIin-4-ylmethyI)pyrroIo[2,l-f][l,2,4]
triazin- 4-amine To a solution of AcOH (30 mL) was
added formaldehyde (1.2g, 14.95 mmol). The reaction
mixture was allowed to stir for 20 minutes at room
temperature. 6-
chloropyitolo[2,l-f][l,2,4]triazin-4-amine (2.1 g,
12.46 mmol) was introduced and the reaction mixture
was heated to 80 0C over night. TLC analysis indicated
that there was complete conversion of starting
material. The solution was allowed to cool to rt and
was then neutralized by IN NaOH. EtOAc (30 mL) was
added to the reaction and the solution was transferred
to a separatory funnel and the organic layer was
isolated while the aqueous layer was back extracted
with EtOAc (2 x 50 mL). The combined organic layers
were collected, dried (MgSO4), filtered, and
concentrated in vacuo to yield 3.0 g of the above
compound (11.2 mmol, yield 90%). 1H-NMR (MeOD-J 4) d
8.05 (s, IH), 7.13 (s, IH), 4.75 (s, 2H), 3.90 (br s,
4H), 3.42 (br s, 4H); MS [M+H]+ = 267.8; LCMS RT =
1.08 min. Step 7. Preparation of title compound To a
solution of
6-chloro-7-(morpholin-4-ylmethyl)pyrrolo[2,l-fJ[l,2,4]
triazin-4- amine (0.9 g, 3.36 mmol) in DMF (5 mL) at
-20 0C was added l,3-dibromo-5,5- dimethylhydantoin
(0.43 g, 1.51 mmol) portion wise over 30 min. The
reaction mixture was stirred for 20 minutes at that
temperature. TLC analysis indicated that there was
complete conversion of starting material. The reaction
was quenched with distilled water (30 mL) as the
solution warmed to rt. CH2Cl2 (30 mL) was added to the
reaction and thesolution was transferred to a
separatory funnel and the organic layer was isolated
while the aqueous layer was back extracted with CH2Cl2
(4 x 20 niL). The combined organic layers were
collected, dried (MgSO4), filtered, and concentrated
to dryness. The crude material was washed with diethyl
ether (10 mL). The white precipitate was collected and
dried under vacuum to yield 0.6 g of the above
compound (1.73 mmol, yield 51%). 1H-NMR (CD3OD-J 4) 6
7.94 (s, IH), 3.79 (s, 2H), 3.05 (t, J = 4.8 Hz, 4H),
2.39 (t, / = 4.8 Hz, 4H); MS [M+H]+ = 347.7; LCMS RT =
1.21 min. Intermediate AAE : Preparation of
6-Bromopyrrolo[2,l-f][l,2,4]triazin-4-amine Step 1:
Preparation of Pyrrol-l-yl-carbamic acid tert-butyl
ester I O NH H3C O H3 CH3 A flask (fitted with a
Dean-Stark trap) containing a stirred solution of
tertbutylcarbazate (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, 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-yl)-carbamic acid,
tert-butyl ester A 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 0C.
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, ninhydrin 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 ethylacetate/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): d 7.01 (dd, IH, J =
3.0, 1.6 Hz), 6.82 (dd, IH, J = 4.4, 1.7 Hz), 6.19
(dd, IH, /=4.2, 2.9 Hz), 4.88 (s, IH, H2ONH-), 1.50
(br s, 9H, HN-BOC); MS: LC/MS (+esi), m/z=207.9 [M+H].
Step 3: Preparation of tert-Butyl
(4-bromo-2-cyano-lH-pyrrol-l-yl)carbamate A IL, 3-neck
RB flask was fitted with a mechanical stirrer,
nitrogen inlet, thermocouple/JKEM thermocontroller,
and a dry-ice acetonitrile cooling. 2-Cyano-pyrroll-
yl)-carbamic acid, tert-butyl ester (2Og, 96.5 mmol)
was added and dissolved in 350 inL acetonitrile. The
resulting solution and cooled to below -30 0C.
l,3-Dibromo-5,5- dimethylhydantoin (13.79g, 48.26
mmol) was added as a solid, and the reaction was
allowed to warm to rt over 2h. Analysis by RP-HPLC at
2h indicated that about 10% starting material
remained. The reaction was cooled again to below -30
0C and treated with additional
l,3-dibromo-5,5-dimethylhydantoin (1.3 g, 4.8 mmol).
The reaction was allowed to warm slowly to rt over 3h.
Once RP-HPLC indicated that all starting material had
been consumed, the reaction was diluted with 500 mL
EtOAc and transferred to a separatory funnel. The
organic was washed with IN sodium carbonate, water and
brine and then dried with sodium sulfate. Filtration
of the organic layer thru silica gel removed much of
the colored impurities. Evaporation of the solvent
under vacuum provided a reddish oil, which provided
orange-brown crystals of the desired product upon
seeding (27.16g, 98% yield). This material proved to
be only about 90% pure by 1H -NMR. 1H-NMR (DMSO): d
10.95 (bs, IH), 7.61 (d, IH, J = 2.0 Hz), 7.16 (d, IH,
J = 2 Hz), 1.44 (s, 9H, J = 4.4, 1.7 Hz).Step 4:
Preparation of
l-Amino-4-bromo-lH-pyrroIe-2-carbonitriIe
hydrochloride HCI iN H2 A IL, 3-neck RB flask was
fitted with a mechanical stirrer, nitrogen inlet,
thermocouple/JKEM thermocontroller, cooling bath and
an addition funnel. tert-Butyl (4-
bromo-2-cyano-lH-pyrrol-l-yl)carbamate (19 g, 66 mmol)
was added and dissolved with 1,4-dioxane (50 mL), then
the stirred orange solution was cooled to 0 C and
HCl/dioxane (4N, 100 mL, 8 eq.) was slowly added from
the addition funnel, maintaining an internal
temperature around 25 0C. After 2 hours the solution
became cloudy and stirring @ room temperature was
continued for 7 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 (150 mL) and the precipitated solids
were collected by suction filtration and washed with
ether (200 mL). Drying (vacuum oven @ 500C) afforded
the desired product as 10.9g (93%) of a white solid.
1H-NMR (DMSO): d 7.24 (d, IH, / =2 Hz ), 6.93 (d, IH,
J =2 Hz), 6.2 (bs, 3H, /=2.8, 4.4 Hz ) . Step 5:
Preparation of the title compound To a stirred
suspension of
l-Amino-4-bromo-lH-pyrrole-2-carbonitrile
hydrochloride (17 g, 61.1 mmol) in absolute ethanol
(350 mL) was added formamidine acetate (31.8 g, 305
mmol) and potassium phosphate (64.9 g, 305 mol). The
suspension was heated for 18 hours @78 C (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 solids were taken up in
refluxing MeOH and treated with decolorizing carbon,
then filtered thru Celite and concentrated dryness in
vacuo. The solids were taken up in THF:DCE (1:3) and
filtered thru a pad of silica. Removal of the solvent
in vacuo provided a yellowish-brown solid. This
material was recrystallized from THF:hexanes to
provide the desired compound as a yellow solid (9.86
g, 75% yield). (81%). 1H-NMR (DMSO): d 7.85 (bs, 2H),
7.81 (s, IH), 7.80 (d, IH, J = 2 Hz), 6.96 (d, lH, / =
2 Hz).Intermediate AAF: Preparation of
l-[2-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-
dioxaboroIan-2-yl)phenyl]-3-[4-(trifluoromethyl)pyridi
n-2-yl]urea To a solution of
2-fluoro-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)aniline (8.00 g, 33.7 mmol, leq) (product of Step 1
Intermediate F (preparation I)) in 1,2-dichloroethane
(80ml) was added Intermediate V (phenyl
[4-(trifluoromethyl)pyridin-2-yl] carbamate) (10.00g,
35.4 mmol, 1.05 eq). Triethylamine (4.70 ml, 33.7
mmol, leq) was then added and reaction was allowed to
stir at 60 C for 4 hours. The reaction was cooled in
an ice bath and the resulting white solids collected
by filtration. The solids were washed with 1,2-
dichloroethane and hexanes then dried under vacuum to
obtain the desired product (10.86g, 75.7% yield).
1H-NMR (DMSO-66) d 10.18 (s, IH), 8.52 (d, = 5.2 Hz,
IH), 8.28 (t, J = 8.0 Hz, IH), 7.97 (s, IH), 7.46 (dd,
= 8.1, 1.0 Hz, IH), 7.40-7.36 (m, 2H), 1.27 (s, 12H) ;
MS [M+H]+ = 426, LCMS RT = 4.33 min. The following
boronates were prepared in the same manner as
Intermediate F by substituting the appropriate bromide
for N-(4-bromo-2-fluorophenyl)-N'-[2-fluoro-5-
(trifluoromethyl) phenyl]urea and by substituting the
appropriate isocyanate or carbamate for
1-fluoro-2-isocyanato-4-(trifluoromethyl)benzene.ORAL
CARE COMPOSITIONS, METHODS, DEVICES AND SYSTEMS
TECHNICALFIELD This invention relates to oral care
compositions, methods, devices, and systems.
BACKGROUND While the use of two or more oral care
compositions is known, there is a desire to provide
improved products and methods for delivering one or
more compositions to the oral cavity. SUMMARY In
general, the invention features oral care treatments,
including multi-component oral care compositions,
methods of oral care, including protocols for the
delivery of multiple components to the oral cavity,
and oral care devices, kits, and systems. DESCRIPTION
OF DRAWINGS FIG. 1 is a side perspective view of an
embodiment of an oral care system. FIG. 2Ais a front
perspective view of an embodiment of an oral care
device. FIG. 2B is a rear perspective view of the oral
care device of FIG. 2A. FIG. 3A is a transparent front
view of the oral care device of FIG. 2A. FIG. 3B is a
transparent rear view of the oral care device of FIG.
2A. FIGS. 4A and 4B are rear and front views,
respectively, of the head and neck of another oral
care device embodiment with the neck shown as
transparent. FIG. 5 is a rear view of the head and
neck of another oral care device embodiment with the
neck shown as transparent. FIGS. 6 and 7 are front
perspective views of two brush embodiments. FIG. 8A is
a side perspective view of an embodiment of a docking
station. FIG. 8B is a transparent side perspective
view of the docking station of FIG. 8A. FIG. 9
illustrates a docking station embodiment. FIG. 10
illustrates another docking station embodiment. FIG.
11 is a perspective view of an embodiment of an oral
care system.FIG. 12 is a perspective view of base
portion B of the docking station shown in FIG. 11.
FIG. 13 is a cross-sectional view of a dual
compartmented dispenser suitable for use with the
present invention. FIG. 14 is a cross-sectional view
of two dispensers suitable for use with the present
invention. DETAILED DESCRIPTION The following text
sets forth a broad description of numerous different
embodiments of the present invention. The description
is to be construed as exemplary only and does not
describe every possible embodiment since describing
every possible embodiment would be impractical, if not
impossible, and it will be understood that any
feature, characteristic, component, composition,
ingredient, dosage, product, step or methodology
described herein can be deleted, combined with or
substituted for, in whole or part, any other feature,
characteristic, component, composition, ingredient,
product, step or methodology described herein.
Numerous alternative embodiments could be implemented,
using either current technology or technology
developed after the filing date of this patent, which
would still fall within the scope of the claims. All
publications and patents cited herein are incorporated
herein by reference. It should also be understood
that, unless a term is expressly defined in this
patent using the sentence "As used herein, the term '
' is hereby defined to mean..." or a similar sentence,
there is no intent to limit the meaning of that term,
either expressly or by implication, beyond its plain
or ordinary meaning, and such term should not be
interpreted to be limited in scope based on any
statement made in any section of this patent (other
than the language of the claims). No term is intended
to be essential to the present invention unless so
stated. To the extent that any term recited in the
claims at the end of this patent is referred to in
this patent in a manner consistent with a single
meaning, that is done for sake of clarity only so as
to not confuse the reader, and it is not intended that
such claim term by limited, by implication or
otherwise, to that single meaning. Finally, unless a
claim element is defined by reciting the word "means"
and a function without the recital of any structure,
it is not intended that the scope of any claim element
be interpreted based on the application of 35 U.S.C.
112, sixth paragraph. Generally, oral care treatments
involving delivery of two or more oral care
compositions, parts of a composition, materials,
formulations, or ingredients (referred to collectively
below as"components") to the oral cavity will be
discussed below. Particularly, two components
mechanically separated from each other prior to
delivery will be discussed below. The components can
be delivered from a variety of oral care devices, such
as a manual toothbrush, an electric toothbrush, a
package, or dispenser. The components can be delivered
simultaneously or sequentially. In some cases, the two
components, when mixed together, during delivery or in
the oral cavity, react or otherwise interact together
to form an oral care composition, for example the dual
component dentifrices described in U.S. Patent No.
6,375,933 and discussed below in the Oral Care
Compositions and Components section. In other cases,
the components themselves are complete oral care
compositions; for example a component may be a
dentifrice or a mouthwash. We will first discuss
various oral care treatments that can be performed.
Next, we will discuss examples of devices that are
suitable for delivering the components. Finally, we
will discuss examples of various components that can
be delivered. The components may be in any form that
can be delivered by the desired delivery device, e.g.,
a Newtonian or non-Newtonian fluid, a liquid, a paste
or a gel. Methods of Use In the following discussion,
we will refer to delivery of two mechanically
separated components. However, it will be apparent
that the methods discussed could be extended to three
or more components. The methods described below may be
performed, for example, using a dispensing device
having a microprocessor controller. In a toothbrush, a
stationary or moving head (or moving portions of the
head) may be used. For example, suitable toothbrushes
having heads (or portions the head, including bristles
or elements) which rotate, oscillate, reciprocate,
translate, vibrate, etc., as described in U.S.
Application Nos. 09/993,167; 10/036,613; 10/114,870;
10/128,018; 10/208,213; and 10/830,693; and U.S.
Patent No. 5,378,153. Additionally toothbrushes having
light emitting diodes may be used, including
toothbrushes which emit light (including blue light),
as described in U.S. Application Nos. 10/832,168;
10/847,429; 10/842,302; 10/887,644; 10/887,667; and
10/888,206. Suitable toothbrushes may or may not
comprise bristles or cleaning elements. In another
embodiment, dispensers, such as a multi-compartmented
package, can be used with the present invention as
discussed further below. Examples of suitable devices
will be discussed in detail in the Oral Care Devices
section, below.The components can be delivered to the
oral cavity simultaneously or sequentially. In the
case of sequential delivery, both components may be
delivered during a single oral care session, e.g., a
single brushing session or other single treatment
session (single use, start to finish, by a particular
user, typically about 0.1 to 5 minutes), or
alternatively the components may be delivered
individually over multiple oral care sessions. Many
combinations are possible, for example delivery of
both components during a first oral care session and
delivery of only one of the components during a second
oral care session. Examples of possible delivery
sequences and regimens are discussed below.
Simultaneous Delivery The simplest case is
simultaneous, continuous delivery of equal amounts of
the two components or a constant ratio of the
components during a single oral care session. This
regimen may be suitable, for example, when it is
desired to deliver two components which do not react
with one another, but are incompatible
formulation-wise. For example, it may be desirable to
deliver two components which require different pH
levels to be active, such as stannous pyrophosphate
(which is active at low pH) and sodium fluoride (which
is active at high pH). The two components may be
provided separately, with binder systems having
different pH levels, and then delivered simultaneously
to the oral cavity. Brushing duration is sufficiently
short so that the components will not be inactivated.
Another use for simultaneous, continuous delivery is
systems that include two components that react
relatively slowly, and that will remain in the oral
cavity after brushing to be absorbed by the teeth and
or gums. Alternatively, delivery can be simultaneous
and continuous, but the ratio of the two components
can be varied during brushing. In some cases it may be
desirable to initially deliver a relatively large
bolus of a first component with a smaller amount of a
second component (e.g., an 80:20 ratio), and then
during brushing reduce the amount of the first
component and increase the amount of the second
component, for example until the ratio is reversed
(e.g., a 20:80 ratio). The change in the relative
amounts can be linear, or can be non-linear, e.g., a
large burst of toothpaste initially, to have enough
paste to begin brushing, with a small amount of
mouthwash, followed almost immediately by a
significantly reduced amount of paste and increased
amount of mouthwash. The components and their ratios
can also be selected to provide the user with a
brushing experience that goes from initially soothing
to an intensely clean/refreshing mouthfeel.
Additionally, two components may be simultaneously
delivered during different periods of a single oral
care session (e.g., during the seconds 1-5 and seconds
60-65 of a 120 second oralcare session) or two
components may be simultaneously delivered during
different sessions (e.g., every other session).
Sequential Delivery - Single Oral Care Session
Sequential delivery during a single oral care session
may take various forms. In one case, two components
are delivered in alternation, as either a few
relatively long duration cycles during brushing (A B A
B), or many rapid-fire alternations (A B A B A B A B A
B . . . . A B). Examples of treatments that lend
themselves well to this type of delivery are
remineralization, and treatment with a peroxide and an
activator for the peroxide. The preferred cycle time
will depend on the chemistry used, and may be
optimized for a given chemical reaction. For example,
in the case of a peroxide and activator, the cycle
time may be relatively long, e.g., 15 seconds, to
allow the peroxide and activator to react. Other
chemistries, e.g., remineralization systems such as
those discussed herein (see the Compositions section
below) may be used with faster cycle times, for
example 5 seconds or less. In another case, two or
more components are delivered one after the other
during a single oral care session, with no subsequent
alternating delivery in that oral care session (A
followed by B). For example, a dentifrice may be
delivered initially, to initiate brushing and provide
cleansing, followed by a mouthrinse, fluoride
treatment, or temporary sealant. Other options include
a peroxide followed by an activator or a dentifrice to
enhance fluoridation; a copper dentifrice followed by
chlorite; an anti-gingivitis treatment followed by
anti-inflammatory treatment; or a pair of components
having different flavors, to provide a sensory signal
to the user. The flavor change may indicate, for
example, that the user should brush longer or can
terminate brushing, or that the user should change the
mode of brushing, e.g., to a higher or lower brush
speed. Sequential Delivery - Multiple Oral Care
Sessions Other sequential treatment regimens involve
multiple oral care sessions. In some implementations,
the delivery device includes a clock function, and is
programmed to deliver a predetermined treatment at a
predetermined time of day or range of times. Different
components, different ratios, or a different sequence
of components may be delivered, depending on the time
of day. For example, one component may be delivered in
the morning, and a second, different component may be
delivered in the evening, e.g., two different
dentifrices or a mouthwash and dentifrice. As another
example, two components, e.g., a dentifrice and a
mouthrinse, may be delivered in the morning, and
dentifrice only may be delivered in theevening. This
clock-based approach could allow the user to have two
different sensory experiences, to receive two
different active ingredients, or to receive an active
ingredient only once a day (morning or evening only)
while brushing twice a day. Similarly, some treatment
regimens may involve delivery of a specialized
treatment, for example a prescription medicine,
according to a prescribed treatment protocol, e.g.,
morning or evening only, every other day (morning
and/or evening), or once per week (morning and/or
evening). The delivery device can be programmed to
deliver the precise dosage at a desired time during
brushing. Toothpaste may be delivered at other times,
and, if desired, may be delivered simultaneously with
the specialized treatment. The specialized treatment
may be a prescription toothpaste, with standard
over-the-counter toothpaste being dispensed in between
prescribed uses of the prescription toothpaste.
Another approach that is useful over multiple oral
care sessions is a "counting" feature, whereby the
delivery device is programmed to deliver one of the
components every x number of oral care sessions. For
example, if multiple users utilize the same toothbrush
handle, the delivery device may be programmed to
recognize a particular user's replaceable toothbrush
head, e.g., by RFID, and count only the sessions of
that user. In some cases it may be desirable to
program the delivery device to include both a clock
feature and a volume-monitoring feature that
accumulates data over multiple oral care sessions, for
example so that only a predetermined volume of one or
both of the components is delivered within a given
time period (e.g., less than x grams of component A
over a 24 hour period). The volume-monitoring feature
may also be used to meter a precise dosage of a
component over a single oral care session.
Volume-monitoring is desirable, for example, when a
component raises toxicity or other safety concerns at
higher than normal dosages. For instance, in the case
of fluoride treatments for children it is important
that the child not receive too much fluoride, due to
the risk of fluorosis. The dosage delivered can be
measured by any suitable method, such as by accurately
calibrating the device and then calculating the dosage
indirectly based on the number of pumping cycles. In
some cases, the delivery device may be used to
precisely control the dosage of a particular active,
while allowing a second composition, such as a
standard dentifrice, to be delivered as needed. The
delivery device may be programmed to accumulate data
regarding brushing time and/or the amount of each
component dispensed, for example to allow the user
and/or the user'sdentist or other clinician to track
the user's compliance with a prescribed treatment
protocol. This information can be displayed on an LCD
display on the delivery device. When the delivery
device (e.g., a power toothbrush) is used by multiple
users, the device can be programmed to allow each user
to select a desired component for use during that
user's oral care session. For example, different users
may prefer different flavors of toothpaste, or may
require toothpastes with particular performance
attributes such as whitening vs. sensitivity
reduction. In the case of a toothbrush , it may be
configured so that the two components are delivered to
different toothbrush heads. When a first head (e.g., a
standard power toothbrush head) is in place, a first
component is delivered, e.g., a dentifrice, while when
a second head is in place (e.g., a pic, tongue scrape,
or gingival brush) another component is delivered,
e.g., a mouthrinse. The toothbrush may be configured
to automatically recognize the different heads, e.g.,
by RFID identification or by mechanical means such as
a pin setting. Oral care devices having RFID
identification of various heads are described in
published U.S. Application No. 2002/0129454, the full
disclosure of which is incorporated herein by
reference. Delivery Parameters Delivery according to
any of the treatment regimens discussed herein may be
intermittent, i.e., with pauses during which no
delivery will occur. It is noted that even
"continuous" delivery may be intermittent in the sense
that the pumping mechanism of the delivery device may
operate in a pulsing manner. However, additional
and/or longer pauses may be included in the treatment
regimen by programming the delivery device
accordingly. About 0.05, 0.1, 0.15, 0.2, 0.25, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.2, 1.4, 1.5, 1.6,
1.8, or 2 grams (or about 0.05, 0.1, 0.15, 0.2, 0.25,
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.2, 1.4, 1.5,
1.6, 1.8, 2, 5, 7, 10, 12, 15, 20, 25, or 30 mis) of a
first component may be dispensed over a period of
about 0.2, 0.4, 0.6, 0.8, 1, 1.2, 1.5, 1.8, 2, 4, 6,
8, 10, 15, 30, 60, 90, or 120 seconds and about 0.05,
0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 1, 1.2, 1.4, 1.5, 1.6, 1.8, or 2 grams (or about
0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9, 1, 1.2, 1.4, 1.5, 1.6, 1.8, 2, 5, 7, 10, 12,
15, 20, 25, or 30 mis) of a second component may be
dispensed over a period of about 0.2, 0.4, 0.6, 0.8,
1, 1.2, 1.5, 1.8, 2, 4, 6, 8, 10, 15, 30, 60, 90, 120,
180, 240, or 300 seconds from any delivery device. In
the case of delivery device that is manually pumped
(e.g., the dual compartmented dispenser shown in Fig.
13), the first and/or second component may be
dispensed by 1, 2, 3, or 4 actuations of the pump.
Also, a first and second component may bedispensed in
ratios (first component/second component) of about
90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70,
20/80, or 10/90. As discussed above, the first and
second components may be dispensed simultaneously or
sequentially (such that the second component may be
dispensed about 0.2, 0.4, 0.6, 0.8, 1, 1.2, 1.5, 1.8,
2, 4, 6, 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 75, 90, 105, or 120, seconds after the first
component). Also, the second component may be
dispensed during a second brushing session, following
a first brushing session, wherein at least about 4, 6,
8, 10, or 12 hours separate the beginning of the
second brushing session from the end of the first
brushing session. During a brushing session, there may
be several sequences which include various
combinations of the above mentioned weights, volumes,
and times. The sequences may be simultaneous or
sequential, and may include pauses as discussed above.
For example, within a 2 minute brushing session, a
first sequence may include a volume of a first
component and a volume of a second component being
dispensed simultaneously, then a second sequence may
include a volume of a first component being dispensed,
then a period of time without dispensing may occur,
then a third sequence may include a volume of the
second component being dispensed, then a period of
time without dispensing may occur, then a fourth
sequence may include a volume of the first component
being dispensed. Delivery Devices A wide variety of
oral care devices can be used to dispense the
components of the present invention, including manual
toothbrush, electric toothbrushes, and a variety of
other packages (e.g., hand pumps, etc.) and devices.
First, we will discuss an oral care device that is
capable of delivering two components simultaneously.
Referring to Fig. 1, an embodiment of an oral care
system 10 is shown that includes an oral care device
12, in this case a toothbrush, and a docking station
14 that holds the oral care device 12 in an upright
position within a receiving portion of the docking
station. Oral care device 12 is a power toothbrush
having a motorized head, and is designed to discharge
two components, such as a dentifrice and a mouthwash,
during the brushing cycle. The docking station 14 is
designed to recharge batteries that are located within
the oral care device, and to refill the oral care
device with the components.Turning to Figs. 2A and 2B,
oral care device 12 includes a separable housing 16
consisting of three interconnected components 152, 154
and 156. As assembled, the oral care device 12
includes a distal portion 18 at which a head 20 is
located and a proximal portion 22 at which a handle 24
is located. Connecting handle 24 and head 20 is neck
26. Head 20 is sized to fit within a user's mouth for
brushing, while the handle 24 is graspable by a user
and facilitates manipulation of the head 20 during
use. Referring to Fig. 2B, showing a rear view of the
oral care device 12, inlets 28 are positioned near an
end surface 30 at the proximal portion 22 of the oral
care device. The inlets 28 are matable with
corresponding outlets 280 (Fig. 8A) located at the
docking station 14 for refilling the oral care device.
Referring now to Figs. 3A and 3B, internal components
of the oral care device 12 are shown. Oral care device
12 includes motors 34 and 36. Motor 34 drives a
pumping assembly 38 that transfers a pair of
components along respective passageways (only one of
which, passageway 40, is visible in Figs. 3A and 3B)
toward the distal portion 18 of the oral care device
12. The pumping assembly 38 may transfer each
component through the respective passageway by
compressing a portion of tubes 514 and 516 (Fig. 4A)
with a compression element, as described in U.S.
Serial No. 10/861,253, the full disclosure of which is
incorporated herein by reference. When an array of
fingers is used to compress the tubes progressively,
as in the pump assembly described in USSN 10/861,253,
the fingers are dimensioned so that they extend across
the width of the two tubes and thus can compress the
tubes simultaneously. Motor 36 drives a drive shaft
42, which in turn moves (e.g., rotates) the head 20.
To supply power to motors 34, 36 and 37, a
rechargeable battery 44 is electrically coupled to the
motors. A suitable rechargeable battery is a Li Ion UR
14500P, available from Sanyo. Referring to Figs. 4A
and 4B, the oral care device includes a pair of tubes
514 and 516 to direct the two fluid streams within the
oral care device. As shown, each of the tubes 514 and
516 is connected to the head at a location offset from
a longitudinal axis 531 perpendicular to an axis of
rotation 518 of the movable head 20. In some
embodiments, one of the tubes may be connected to the
head at the axis of rotation and the other connected
at a location offset from the axis of rotation.
Referring to Fig. 5, a variation is shown where tubes
550 and 552 are fiuidly connected to each other
downstream of the pumping assembly and upstream of a
fluid outlet at the head. This embodiment may be
advantageous where it is desirable to mix the
components within the passageways at a time just prior
to delivery to a brushing surface.We note that in
Figs. 3A-3B, only a single passageway 40 is shown, for
clarity due to the scale of these drawings. Generally
the oral care device 12 includes two passageways, as
discussed above (e.g., the tubes 514 and 516 in Figs.
4A and 4B). However, in some cases a single passageway
may be used, for example where the two components can
mix upstream of the head, close to separate chambers
in which the two components are stored. Referring back
to Fig. 3A, the oral care device 12 includes a control
circuit or controller 400 that is electrically
connected to the motors 34 and 36, and that generally
governs operation of the motors. A user interface 402
provides external interaction with controller 400. The
user interface 402 includes on and off buttons 404 and
406 and a fluid level switch 408, all of which are
accessible from exterior of the housing 16 (see Fig.
2A). While the controller can be programmed as
desired, as one example, the controller is designed
such that depressing button 404 initiates motors 34
and 36, and depressing button 406 initiates only one
of the motors, such as motor 36. By depressing button
404 or 405 both head movement and fluid flow can be
initiated, with button 404 actuating one stream and
button 405 actuating the other stream. By depressing
button 406, only one of fluid flow and head movement
can be initiated. Depressing button 404 or 406 can
also halt the associated motor(s) subsequent to
initiation. In cases where button 406 initiates and
halts only motor 36, a user can, for example, brush
without delivery of either component, and can rinse
the oral care device 12 while the head rotates. The
fluid level switches 408, 409 allow a user to choose
between preselected rates of fluid delivery, such as
high, medium and low rates. Three LED's 410 can
selectively illuminate to indicate a selected fluid
delivery level. As an alternative or in addition, an
LCD display can be included to convey a fluid delivery
level and/or can be used to display other information
such as level of fluid in the oral care device 12
and/or status of battery charge. The controller 400
may also be programmed to adjust a paste delivery
level subsequent to initiation of the motor 34. In
some embodiments, the controller is programmed such
that a relatively large bolus of the two components is
delivered soon after motor 34 is initiated, e.g., to
have enough paste to begin brushing, and then the
level of delivery is decreased, e.g., to a lower
delivery level throughout the remaining portion of the
brushing cycle. The level of paste delivery may be
decreased, for example, by intermittent bursts of
fluid and/or by slower rates of fluid delivery. As an
example, the controller may be programmed to provide
three delivery settings, low, medium and high. In one
embodiment, at the low delivery setting, the
controller is programmed to deliver a bolus by
activating the motor 34 for about seven seconds. After
aboutseven seconds, the controller intermittently
activates the motor 34 for about 0.75 seconds and
deactivates motor 34 for about 2.4 seconds (i.e.,
cycles the motor on and off at these intervals). In
the same embodiment, at the medium delivery setting,
the controller is programmed to deliver a bolus by
activating the motor 34 for about seven seconds, and
then to cycle the motor on for about 0.75 seconds and
off for about 1.63 seconds. At the high delivery
setting, the controller is programmed to deliver a
bolus by activating the motor 34 for about seven
seconds and then to cycle the motor on for about 0.75
seconds and off for about 1.2 seconds. Depending on
the desired programming of the controller 400, more or
fewer user interface controls can be used to initiate
various functions. Referring back to Fig. 3A, the
motor 36 moves (e.g., translates linearly) the
pivoting drive shaft 42, which in turn moves (e.g.,
oscillates rotationally) the rotatable head 20. The
drive shaft 42 is connected to the rotatable head 20
using an offset design that facilitates placement of a
fluid outlet at the head 20 and a tube 82 (or pair of
tubes, if the two streams of material are to be kept
separate) forming a portion of the fluid passageways
within the neck 26 of the housing 16. This offset
design is described in further detail in U.S. Serial
No. 10/861,253. Movement of the rotatable head 20 may
be accomplished, in part, by use of a cam and follower
system that translates rotational output of the motor
36 into linear motion used to drive the drive shaft 42
backward and forward. Such an arrangement is described
in U.S. Serial No. 10/861,253, incorporated by
reference above. Referring now to Figs. 6 and 7, head
20 includes a base 136 that has an opening 124 through
which a valve 122, e.g., a duckbill valve as shown,
extends outwardly. In some embodiments, the distal end
of the tube 82 forms the fluid outlet without use of a
valve attached thereto. If it is desired that the two
streams be kept separate until they exit the head, two
valves may be used, or a dual duckbill valve such as
that described in U.S. Serial No. 11/114,987, filed on
April 26, 2005, the complete disclosure of which is
incorporated herein by reference. Extending from the
base 136 is an array of bristle tufts 138. Although
each tuft 138 is shown as a solid mass in the
drawings, the tufts are actually each made up of a
great mass of individual plastic bristles. For a more
detailed discussion of brush heads, Applicants refer
to pending U.S. Application number 10/666,497, filed
September 9, 2003, the disclosure of which is hereby
incorporated by reference in its entirety. When not in
use, oral care device 12 can be coupled with docking
station 14. Docking station 14 can be connected to an
electrical outlet (not shown) or other suitable power
supply.Referring to Figs. 8A and 8B, docking station
14 is formed to hold oral care device 12 within the
receiving portion 273 in an upright position. The
receiving portion 273 includes a floor 275 extending
between a vertical recess 295 formed in housing 291
and housing extension 297. The recess 295 is contoured
to receive a portion of oral care device 12. The
docking station 14 includes a reactive device, e.g., a
sensor (not shown) that detects an input upon receipt
of the oral care device by the docking station and, in
response to this input, sends a signal to a
controller, the details of which will be described in
greater detail below. Referring now to Figs. 8B and 9,
the docking station 14 includes a multi-chamber fluid
reservoir 274 the two chambers of which are coupled
with tubes 276 to outlets 280. In some embodiments,
e.g., as shown in Fig. 9, the fluid reservoir 274 is
formed as an integral part of a separable, replaceable
portion 301 of the docking station 14. In other
embodiments, illustrated by Fig. 10, replaceable two
pouches 303 (only one of which is shown in Fig. 10),
from the fluid reservoir. In this case, the upper
portion 301 of the docking station is removable, to
allow the consumer to easily remove the pouches 303
when their contents are exhausted, or when the user
wishes to use a different product, and insert a
replacement pouch. Referring to Fig. 8B, to move the
components from the fluid reservoir to the oral care
device the docking station includes a pump assembly
282. Details of the refilling mechanism in the docking
station are provided in U.S. Serial No. 10/861,253.
Referring back to Fig. 8B, a pair of leads 336, 338
are exposed within the receiving portion 273 of the
docking station 14. Leads 336, 338, are positioned to
contact a pair of contacts 340, 342 (Fig. 2A) on the
oral care device 12 when the oral care device 12 is
placed within the receiving portion 173. This contact
will electrically couple the oral care device 12 and
the docking station 14, so that the power source to
which the docking station is connected can recharge
the rechargeable batteries within the oral care
device. Contacts 340, 342 are electrically connected
with the rechargeable batteries, allowing power to
flow from the docking station to the batteries. An
oral care system 600 that is suitable for sequential
delivery of two components is shown in FIG. 11. Oral
care system 600 includes an oral care device 602, in
the form of a toothbrush, and a docking station 604.
The oral care device 602 is connected to the docking
station 604 by a length of tubing 605, only a very
small portion of which is shown in FIG. 11. Tubing 605
is flexible and is long enough to allow the user to
easily manipulate the oral caredevice, e.g., about 2.5
to 3.5 feet long. Tubing 605 may be connected to the
oral care device at any desired location, e.g., the
head or handle, as will be discussed below. Oral care
device 602 includes a handle 606 and a detachable
head/neck portion 608. The handle 606 does not include
a pumping mechanism or a pump motor, as these
components are provided in the docking station as will
be discussed below. The handle 606 does contain a
motor and other components necessary to drive the
head, and may contain two fluid passageways. The
docking station 604 includes a tower portion T and a
base portion B. The tower portion contains two
reservoirs (not shown), and is removable from the base
portion so that the user can refill or replace the
reservoirs. The base portion B, shown in detail in
FIG. 12, carries two pumps 610, 612, which receive the
two components from the reservoirs through tubes 614,
616 and deliver it to downstream portions 618, 620 of
the tubes. After the tubes exit the docking station,
they may be wrapped or otherwise contained in a single
sheath to form the tubing 605 shown in FIG. 11. Pumps
610 and 612 are driven independently, by motors 622,
624. Firing of the motors is driven by a controller,
e.g., one or more microprocessors, which may be
mounted on printed circuit boards 626, 628. If the
tubing 605 enters the oral care device at the base or
in the handle, the handle will contain tubing defining
two fluid paths. If the tubing 605 enters the oral
care device at the head, a standard handle containing
only the head drive components may be used. Any
desired type of reservoir may be used to contain the
two components in the oral care devices described
above. Suitable reservoirs are described in U.S.
Serial No. 10/861,253, incorporated by reference
above. In another embodiment, the delivery device can
be provided in the form of a dual compartmented
dispenser which can be used alone or in combination
with the electric toothbrush previously described.
Referring to Fig. 13, a dual compartmented dispenser
700 having a first outlet 705 and a second outlet 710
is illustrated. The dispenser 700 has a first
compartment 715 storing a first component and a second
compartment 720 storing a second component. The first
compartment 715 is in fluid communication with the
first outlet 705 via tube 722, and the second
compartment 720 is in fluid communication with the
second outlet 710 via tube 724. In this embodiment,
the first and second compartments 715 and 720 are not
fluid communication with each other downstream so that
the first and second components do not mix
substantially mix, co-mingle or are otherwise
dispensed together. A piston-type pump 726 can used to
pump the first component from the first compartment
715 while separate piston-typepump 728 can be used to
pump the second component from the second compartment
720. The pumps 726 and 728 can be biased by springs
730 and 732. One or more valves 736 can be provided to
facilitate the action of the piston-type pump. The
valves 736 can be provide as check-valves to allow a
fluid to travel in only one direction. The first and
second compartments' can have the same or similar
capacities. In another embodiment, the first and
second compartments have different capacities, which
can be useful where the amounts of the first and
second components that are dispensed during an oral
care regimen are different. An orifice 734 can be
provided to meter the dosage of the first or second
components for each stroke of the piston pump. Dosages
can also be controlled by the size (e.g., bore) and/or
stroke of the piston pump. The first and second
compartments 715 and 720 can be provided as
replaceable cartridges that releaseably engage the
housing 734 of the dispenser 700. For instance, the
compartments 715 and 720 might threadably engage the
housing the 734. The compartments 715 and 720 can be
provided with different threads (pitch or size) so
that each compartment is properly paired with the
piston pump or orifice if there is different dosing or
metering between the first component and the second
component. While a first outlet and second outlet is
illustrated, a single piston-type pump and outlet can
also be provided, wherein the single pistontype pump
and outlet can be placed in selective fluid
communication with either the first or second
compartments. Any of the components, dosing, or
regimens, in whole or part, described herein can be
used with the dispenser 700. While the dispenser 700
is one dispensing device suitable for use with the
present invention, it will be appreciated that other
dispensing devices can be used. In one method of the
present invention, a user dispenses the first
component onto a toothbrush and proceeds with applying
the first component to the oral cavity as part of a
brushing regimen. After use of the first component,
the user sequentially dispenses the second component
onto the toothbrush and applies the second component
to the oral cavity as part of the brushing regimen.
Optionally, the user may rinse the brush and/or
his/her oral cavity prior to application of the second
component to the toothbrush. The toothbrush may
contain a timer that activates a signal upon
expiration of a predetermined time period to alert the
user when it is time to switch between the first
component and the second component or when to complete
usage of the second component. In one embodiment, the
second component is applied to a toothbrush orthe oral
cavity within about 15, 30, 45, 60, 120, 180, 240,
300, 360, 420, seconds or 10, 15, or 20 minutes of the
first component being applied to a toothbrush or the
oral cavity. While the dispenser 700 has been
illustrated as comprising a first and second
compartment, it will be appreciated that more than two
compartments can be provided. The dispenser 700 can be
provided in wide variety of shapes, sizes, and
configurations. Referring to Fig. 14, in another
embodiment, the first component and second component
can be provided in completely separate packages, which
may be bundled together as a kit. For example, a first
component provided as a dentifrice could be provided
in a first dentifrice dispenser 800 and a second
component provided as a dentifrice could be provided
in a second separate dentifrice dispenser 805. The
first and second dispensers may be the same or
different, and, for simplicity, have been shown
comprising the same structures as the dispenser 700
(Fig. 13). A user could dispense a first amount from
the first dentifrice package onto a toothbrush and,
after brushing for a period of time with the first
component, dispense an amount of the second component
from the second dentifrice package onto the same
toothbrush and complete the brushing regimen with the
second component. The first and second dentifrice
packages could be provided in visually distinct
shapes, sizes, or color(s) so that a user can easily
differentiate between the two. The first and second
dentifrice packages might also be provided with
graphics, text, icons, or numeric characters to
differentiate between the two. In some embodiments,
the first and second dentifrice packages can meter the
first and second components so that a particular dose
is delivered resulting in application of a controlled
ratio between the first and second components. Oral
Care Compositions and Components Two component oral
care compositions are described below. In some
instances, it is beneficial or necessary to deliver
two components to the mouth of a user separately, or
to maintain two components of an oral care composition
separate until use and then allow them to mix during
delivery or in the oral cavity. This may be the case,
for example, where the two components would react with
and/or neutralize each other if stored together, or
where ingredients in the two components are active at
different pH levels, as discussed above in the Methods
section. Examples of various two component
compositions and their uses follow. As noted below,
several of the compositions described may in some
cases be provided as a single component which may be
delivered sequentially or simultaneously with any
other desiredcomponent, such as a standard dentifrice
or mouthwash according to the methods discussed above.
The following discussion focuses on two component
compositions, as such compositions can be
advantageously delivered using the methods and devices
described above. However, it is noted that the methods
and devices described above are equally suitable for
delivering two unrelated components, e.g., a standard
dentifrice and a standard mouthwash, two different
flavored dentifrices, etc., as well as other two
component compositions not mentioned below. Malodor
Treatment The hard and soft tissues of the mouth are
covered with microbial populations that contain
bacteria with different metabolic capabilities. The
Gram-positive bacteria within these microbial
populations readily catabolize carbohydrates to
produce acids which attack the hard tissues of the
oral cavity, resulting in the formation of dental
caries lesions (cavities). In contrast, the
Gram-negative bacteria, especially the anaerobes,
readily metabolize various amino acids contained in
salivary (and to lesser extent other) peptides and
proteins in the oral 



cavity to form end-products which favor the formation
of oral malodor and periodontitis. Oral malodor,
clinically referred to as halitosis, can be caused by
the putrefactive activity of these microorganisms on
dental plaque, debris adhering to mucous membranes and
salivary cellular elements to produce volatile sulfur
compounds ~ primarily hydrogen sulfide, methyl
mercaptan and traces of methyl sulfide. Some
two-component oral care compositions can reduce oral
malodor, improve breath freshness, and/or prevent
plaque accumulation. The first component of the oral
care composition includes a metal salt, e.g., a copper
salt such as Cu (II), and the second component of the
oral care composition includes an oxidizer, e.g., a
chlorite salt. The two components are kept separate
until use or until just before use, for example in two
compartments of a delivery device such as those
described above. The components can be applied by a
user in a single step, for example using a device
described herein, rather than as a two step process
such as first brushing one's teeth using a dentifrice
and then using an oral care rinse. Without wishing to
be bound by theory, such compositions can reduce
malodor with a two fold approach. To begin, the metal
salt can lower the concentration of volatile sulfur
compounds (VSC) by precipitating the VSC as metal
sulfides. Using a distinct chemical pathway, the
oxidizer oxidizes malodorous compounds, including
amines and sulfides, tononvolatile and thus,
non-odorous forms. Additionally, the oxidizers and
metal salts, especially Cu (II) salts, have
antibacterial activity which can also have an
anti-carries effect on the user. In some embodiments,
the two component composition can provide enhanced
efficacy relative to the use of a single component
oral care product (e.g., dentifrice or mouth rinse
alone), or even in some instances using an oral care
regime of a dentifrice followed by a mouthrinse.
Accordingly, in some embodiments, a lower amount of
active ingredient is applied in the two component
compositions relative to what would be applied in a
single component system in order to obtain
substantially equivalent efficacy, or conversely the
same amount of active ingredient will provide greater
efficacy. Examples of suitable metal salts include Cu,
Zn, Ag, Sn, Mg, Fe, and Mn salts. In some preferred
embodiments, the first component includes a copper
salt, capable of releasing Cu(II) ions in solution.
Examples of suitable copper salts include copper
gluconate, copper chlorate, copper chloride, copper
fluoride, and copper nitrate. In general, the copper
salt is present in the first component at a
concentration of from about 50 to 10,000 ppm, or about
200 to about 2000 ppm, for example, 500 to about 1000
ppm. Examples of suitable oxidizing agents include
chlorite salts, hydrogen peroxide, and perborates,
perchlorates, and hyperchlorates. In some preferred
embodiments, the second component includes a chlorite
salt, capable of releasing chlorite ions in solution.
An examples of a suitable chlorite salts include
sodium chlorite. In general, the chlorite is present
in the second component at a concentration of from
about 100 to 10,000 ppm, or about 1000 to about 4000
ppm, for example, from about 1600 to about 2400 ppm.
Each of the two components of the oral care
composition can be independently formulated as a
dentifrice or as a mouth rinse. In general, when each
component of the oral care composition is formulated
as a dentifrice, the components may be delivered
simultaneously or sequentially to the mouth of the
user. The first and second components can be delivered
using a delivery device such as those described above.
Each component of the oral care composition can be
delivered in a single bolus, or alternatively can be
delivered continuously during the brushing period of
the user, for example at of rate of from about 0.15
mL/min to about 1.0 mL/min over a two minute brushing
period, for example from about 0.15 mL/min to about
0.5 mL/min. In another embodiment, both components of
the oral care composition are delivered as a mouth
rinse. Each component can be singularly administered,
or alternatively, the twocomponents can be mixed
immediately before use. In general, from about 15 mL
to about 30 mL of total mouth rinse is used for about
30 seconds, for example in a 1:1 ratio of components.
In another embodiment, one component can be
administered as a dentifrice and the other as a mouth
rinse. The components can be administered
simultaneously or sequentially. In one embodiment,
where the first and second component are
simultaneously administered, the ratio of first and
second component can be varied during administration
of the oral care composition. For example, the oral
care composition can be administered using an oral
care device described herein such that the oral care
composition is initially administered in a ratio of
first component to second component of about 80:20 and
throughout administration, the ratio of the first
component to second component changes to about 20:80.
Other examples of oral care compositions that can
improve oral malodor include dual component
dentifrices described in U.S. Patent No. 6,375,933,
which is incorporated herein by reference in its
entirety. These dentifrices include zinc and chlorite
ion releasable compounds included in separate,
semi-solid aqueous components. In some embodiments,
the first component includes a zinc salt as the source
of zinc ions and a chlorite salt as a source of
chlorite ions in an orally acceptable vehicle having a
substantially neutral pH of about 6.0 to 7.5, e.g.,
about 6.8. The second component has an acid pH of from
about 2.0 to about 6.0, preferably about 4.0 to about
5.5. Mixing and combination of the two components of
the oral care composition provides a pH of the final
product of no greater than 6.5, preferably about 5.8
to about 6.4, thereby generating chlorine dioxide. The
two components are preferably formulated with water,
humectants, surfactant and abrasive to have similar
physical characteristics, with an acid compound has
been added to the acid component to adjust the pH to
the desired acidity. Suitable zinc ion releasable
compounds are generally water soluble zinc salts
including zinc nitrate, zinc citrate, zinc chloride,
zinc sulfate, zinc bicarbonate and zinc oxalate with
zinc nitrate being preferred. The zinc salt is
generally incorporated in the neutral pH dentifrice
component at a concentration of about 0.25 to about
10% by weight and preferably about 0.5 to about 2.0%
by weight. Chlorite ion releasable compounds include
alkali metal chlorites, alkaline earth metal
chlorites, and any other transition metals, inner
transition metal chlorites and/or polymeric salts.
Water soluble chlorite salts are preferred. Examples
of suitable metal chlorites include calcium chlorite,
barium chlorite, magnesium chlorite, lithium chlorite,
sodium chlorite and potassium chlorite. Mixtures of
two or more sources of chlorite may also be used. The
chlorite ion releasable salt is generally incorporated
in the neutral pH dentifrice componentat a
concentration of about 0.5 to abut 5% by weight and
preferably about 0.1 to about 1%by weight. The acidic
dentifrice component of the dentifrice composition
contains an acid or mixture of acids to acidulate and
thereby activate the chlorite compound present in the
neutral dentifrice component, releasing chlorine
dioxide when the two components are combined prior to
use. Acidic compounds which can be present in the
acidic dentifrice component of the present invention
include both mineral and organic acids, such as,
sulfuric acid, hydrochloric acid, malic acid, alginic
acid, citric acid, succinic acid, lactic acid,
tartaric acid, potassium bitartrate, acid sodium
citrate, phosphoric acid, and sodium acid phosphate.
Acid phosphates are preferred, including phosphoric
acid, or salts of phosphoric acid containing the PO4
ion, as such acids or acid salts thereof, such as
sodium phosphate monobasic, not only provide the
necessary acidity, but also provide phosphate ions, to
inhibit any tooth enamel demineralization which may
occur with the application of the two component
dentifrice to the teeth. The preferred acid,
phosphoric acid, is commercially available as a liquid
at 85% concentration. The acid is added to the
dentifrice component in an amount to maintain the pH
of the dentifrice at a pH of about 2.0 to about 6.0
and preferably about 4.0 to about 5.5 when the neutral
and acidic dentifrice components of the present
invention are combined, the pH of the combined
compositions is between about 5.8 to about 6.4. The
composition may also include pyrophosphate salts
having anticalculus efficacy, for example water
soluble salts such as dialkali or tetraalkali metal
pyrophosphate salts such as Na4P2O7(TSPP), K4P2O7,
Na2K2P2O7, Na2H2P2O7 and K2H2P2O7. Polyphosphate salts
may include the water soluble alkali metal
tripolyphosphates such as sodium tripolyphosphate and
potassium tripolyphosphate. The pyrophosphate salts
may be incorporated at a concentration of about 0.05
to about 2.0% by weight, and preferably about 0.5 to
about 2% by weight, while polyphosphate salts may be
incorporated at a concentration of about 1.0 to about
7.0% by weight. Tooth Whitening Compositions Examples
of dual component oral care compositions that can be
used for tooth whitening are described, for example,
in U.S. Patent No. 6,174,516, which is hereby
incorporated by reference in its entirety.Tooth
whitening efficacy of a peroxide-containing dentifrice
component can be substantially heightened by first
applying to the teeth an aqueous rinse component
having an alkaline pH, and subsequently applying the
peroxide dentifrice to the teeth. The alkaline rinse
tends to activate and promote the rapid release of
oxygen from the peroxide contained in the dentifrice.
Such sequential administration can be performed using
the methods and devices described above. For example,
the delivery device can be programmed to deliver the
alkaline rinse and peroxide dentifrice sequentially,
either as a single application of rinse followed by a
single application of dentifrice, or in alternation
(rinse, dentifrice, rinse, dentifrice, etc.). In some
embodiments, the aqueous rinse component includes
about 70% to about 95% of water or a combination of
water and ethanol, and preferably about 65% to 95%
water and about 0% to 35% ethanol. The peroxide
compound is included in an amount sufficient to allow
release of sufficient oxygen during brushing of teeth
to effect whitening thereof. Preferably, the peroxide
compound comprises from about 5 to about 15% by weight
of the component. Examples of suitable peroxide
compounds used to prepare the dentifrice components
used in the practice of the present invention include
calcium peroxide, hydrogen peroxide and peroxides
including urea peroxide, glyceryl peroxide, benzoyl
peroxide and the like. A preferred peroxide compound
is urea peroxide. Metal ion chelating agents, when
included in the peroxide dentifrice component, can
contribute to the chemical stability of the peroxide
component when an abrasive such as calcined alumina or
calcium pyrophosphate is also present in the
dentifrice. Examples of suitable metal ion chelating
agents include alkali metal stannates such as sodium
and potassium stannate, ethylenediaminetetracetic acid
(EDTA) and its salts. The metal ion chelating agents
are incorporated in the dentifrice components at a
concentration of about 0.01 to about 1% by weight. In
preparing the peroxide dentifrice components, the pH
is adjusted to a range between about 3.0 and about 8
and preferably about between about 5 and about 7 with
an acid such as phosphoric acid. Flavor Examples of
oral care compositions that can promote improved
flavor include those described in U.S. Patent No.
6,696,047, which is hereby incorporated by reference
in its entirety. Some two component oral compositions
containing chlorite are stable against loss of
chlorite viaconversion to chlorine dioxide as well as
against degradation of other composition ingredients
such as flavors and sweeteners. In addition to
maintaining the intended level of chlorite ion for
efficacy, it is particularly important for oral care
compositions that the flavor components do not degrade
as consumer acceptability of the product is
significantly influenced by the flavor and taste of
the product. In some embodiments, aqueous components
are formulated at a basic pH so as to not undergo a
substantial change in pH during storage. In some
embodiments, when the two components are mixed the
resulting compositions also do not exhibit the
penetrating and unpleasant odor of chlorine dioxide,
which could alter the flavor characteristics of the
product. The first component may include chlorite ion;
and the second component may include a
pharmaceutically-acceptable topical, oral carrier and
comprising no chlorite. The first component can also
include pharmaceutically-acceptable topical oral
carriers which are compatible with chlorite ion.
Preferably, the first component also includes one (or
more) compatible binder(s), a buffer and/or a
preservative. Preferably, the second component, which
comprises no chlorite, includes flavorant, surfactant,
fluoride ion, humectant, and/or abrasive. The two
components can be delivered simultaneously, and can be
combined during dispensing, for example at a 1:1
volume to volume ratio to form the composition. The
concentration of chlorite ion in the composition can
depend on the type of composition (e.g., toothpaste or
mouth rinse) used to apply the chlorite ion to the
gingival/mucosal tissue and/or the teeth, due to
differences in efficiency of the compositions
contacting the tissue and teeth, and due also to the
amount of the composition generally used. The
concentration may also depend on the disease or
condition being treated. It is generally preferred
that the mouth rinse to be taken into the oral cavity
have a concentration of chlorite ion in the range of
from about 0.02% to about 0.5%, more preferably from
about 0.10% to about 0.30% by weight of the
composition. Preferably mouth rinse compositions of
the present invention deliver about 3.75 to about 30.0
mg of chlorite ion to the oral cavity when
approximately 15 ml of the rinse is used. Preferably
for dentifrices (including toothpaste and tooth gels)
and non-abrasive gels, the concentration of chlorite
ion is in the range of from about 0.5% to about 3.0%,
by weight of the composition. The above concentrations
of chlorite ion represents the concentration of
chlorite ion after the components are mixed together
to form the composition. Thus, the concentration of
chlorite ion in the chlorite containingcomponent will
vary depending on the amount of the second or
additional components to be mixed with the
chlorite-containing component to obtain the final
composition. Whole body health In some embodiments,
whole body health can be promoted in humans and
animals by using one or two component topical oral
compositions comprising a safe and effective amount of
chlorite ion in admixture with a pharmaceutically
acceptable carrier, said compositions being effective
in controlling bacterial-mediated diseases and
conditions present in the oral cavity and inhibiting
the spread into the bloodstream of oral pathogenic
bacteria and associated bacterial toxins and resultant
inflammatory cytokines and mediators. These
compositions can be applied topically to the oral
cavity, using a safe and effective amount of chlorite
ion to promote and/or enhance whole body health in
humans and other animals. Examples of oral care
compositions effective for use in whole body health
can be found, for example, in U.S. Patent No.
6,846,478, which is incorporated by reference herein
in its entirety. In some embodiments, topical oral
compositions can be used for promoting whole body
health in humans and animals, said compositions
comprising a safe and effective amount of chlorite ion
in admixture with a pharmaceutically acceptable
carrier, and effectively controlling
bacterial-mediated diseases and conditions present in
the oral cavity and inhibiting spread into the
bloodstream of pathogenic bacteria, associated
bacterial toxins and resultant inflammatory cytokines
and mediators. Some embodiments include methods of use
of these compositions by topical application to the
oral cavity, to promote and/or enhance whole body
health in humans and other animals. More particularly,
the compositions can be used to reduce the risk in the
development of cardiovascular disease, stroke,
atherosclerosis, diabetes, severe respiratory
infections, premature births and low birth weight (as
well as postpartum dysfunction in neurologic and
developmental functions), and associated risk of
mortality. In a preferred method, the compositions are
used to treat and prevent diseases and conditions of
the oral cavity including periodontal disease, thereby
promoting and/or enhancing enhanced whole body health
for the individual being treated, as evidenced by the
following health indices or biomarkers: 1) reduction
in risk of development of heart attack, stroke,
diabetes, respiratory infections, low birth weight
infants, and post-partum dysfunction in
neurologic/developmental function and associated
increased risk of mortality;2) reduction in the
development of fatty arterial streaks, atherosclerotic
plaques, progression of plaque development, thinning
of the fibrous cap on atherosclerotic plaques, rupture
of atherosclerotic plaques, and the subsequent blood
clotting events; 3) reduction in carotid arterial
(intimal) wall thickness (e.g., as assessed by
ultra-sound techniques) 4) reduction in exposure of
blood and systemic circulation to oral pathogens
and/or their toxic components, specifically leading to
reduction in blood levels of oral bacteria,
lipopolysaccharide (LPS) and/or the incidence of oral
pathogens and/or components thereof found in arterial
plaques, arterial structures, and/or distant organs
(e.g., heart, liver, pancreas, kidney); 5) reduction
in the exposure of the lower respiratory track to the
inhalation of bacterial pathogens and the subsequent
development of pneumonias and/or exacerbation of
chronic obstructive lung disease; 6) reduction in
alterations in circulating hematocrit, hemoglobin,
white blood cell count and/or platelet counts; 7)
reduction in the incidence of disregulation in
blood/serum levels of inflammatory mediators/cytokines
such as TNF-alpha, IL-6, CD-14, and IL-I; 8) reduction
in the incidence of disregulation of blood/serum
levels of acute phase reactants including C-reactive
protein, fibrinogen, and haptoglobin; 9) reduction in
the incidence of disregulation of blood/serum markers
of metabolic disregulation including homocysteine,
glycosylated hemoglobin, 8-iso-PGF-2 alpha, and uric
acid; < 10) reduction in incidence of disregulation of
glucose metabolism as typically assessed by impaired
glucose tolerance test, increased fasting blood
glucose levels, and abnormal fasting insulin levels;
and 11) reduction in disregulation of blood lipid
levels specifically including blood or serum
cholesterol, triglycerides, LDL, HDL, VLDL,
Apolipoprotein B, and/or Apolipoprotein A-I. Without
wishing to be bound by theory, it is believed that the
compositions promote overall body health by
controlling bacteria-mediated diseases and conditions
present in the oral cavity and thus, preventing the
spread of bacteria, bacterial toxins and endotoxins
and inflammatory mediators/cytokines into the
bloodstream and other parts of the body.In some
embodiments, the oral care compositions include
therapeutic rinses, especially mouth rinses, as well
as toothpastes, tooth gels, tooth powders,
non-abrasive gels (including subgingival gels)
comprising: (a) a safe and effective amount,
preferably a minimally effective amount, of a chlorite
ion agent; and (b) a pharmaceutically-acceptable
topical, oral carrier; wherein the final composition
is essentially free of chlorine dioxide or chlorous
acid and wherein the composition is essentially free
of hypochlorite ions or hypochlorite salts and has a
final pH greater than 7, preferably greater than 7.5,
and even more preferably from about 8 to 12.
Preferably the chlorite ion agent is incorporated in
the present compositions in an amount to comprise from
about 0.02% to about 6.0%, by weight of chlorite ion.
By "essentially free of chlorous acid or chlorine
dioxide" as used herein is meant a composition which
comprises very low levels, e.g. less than about 2 ppm,
preferably less than about 1ppm of chlorine dioxide or
chlorous acid, using known analytical methods for
measuring chlorine dioxide or chlorous acid including
highly specific electron spin resonance (ESR)
spectroscopy. Preferably, the present compositions
further comprise one or more additional therapeutic
agents selected from the group consisting of:
antimicrobial/antiplaque agents, biofilm inhibiting
agents, anti-inflammatory agents (including
cyclo-oxygenase inhibitors and lipoxygenase
inhibitors), H2-antagonists, metalloproteinase
inhibitors, cytokine receptor antagonists,
lipopolysaccharide complexing agents, tissue growth
factors, immunostimulatory agents, cellular redox
modifiers (antioxidants), analgesics, hormones,
vitamins, and minerals. In some embodiments, for
example, where the compositions comprise an additional
therapeutic agent, the compositions can include a
first component that comprises a chlorite ion and a
second component comprising the additional therapeutic
agent. Chlorite Ion Source In some embodiments, the
chlorite ion as an essential ingredient in the
compositions and methods described. The chlorite ion
can come from any type of chlorite salt. Examples
include alkali metal chlorites, alkaline earth metal
chlorites, and any other transition metals, inner
transition metal chlorites and/or polymeric salts.
Water soluble chlorite salts are preferred. Examples
of suitable metal chlorites include calcium chlorite,
barium chlorite, magnesium chlorite, lithium chlorite,
sodium chlorite and potassium chlorite. Sodium
chlorite and potassiumchlorite are preferred. Sodium
chlorite is particularly preferred. Mixtures of two or
more sources of chlorite may also be used. For
dentifrice compositions, the level of chlorite ion is
greater than about 0.005%, 0.01%, 0.02%, 0.4%, 0.6%,
0.75%, and/or less than about 2%, 1.5%, or 1% by
weight of the composition. For mouthrinse
compositions, the level of chlorite ion is greater
than about 0.02%, preferably greater than about
0.075%, more preferably greater than about 0.15%, by
weight of the composition. For methods of treating or
preventing gingivitis, preferably the compositions
comprise from about 0.1% to about 6%, of chlorite ion,
by weight of the composition. Chlorite salts are
available from various suppliers as sodium chlorite.
Sodium chlorite is commercially available as a
technical grade powder or flake, and as an aqueous
liquid concentrate hi a range of concentrations.
Example of sources of sodium chlorite include: sodium
chlorite available from Aragonesas and from Vulcan.
These sources generally have no more than 4% sodium
chlorate as well. Preferably, the source of chlorite
ion has high purity, e.g. 70% or greater. Furthermore,
preferably the compositions of the present invention
are essentially free of hypochlorite metal salt or
hypochlorite ion, dichloroisocyanurate, or salts
thereof. Preferably, the level of chlorite ion is
measured by gradient separation of inorganic and
organic acid anions using Ion Pac ASII exchange
column, available from Dionex Corporation, Sunnyvale,
Calif. The final compositions of the present invention
preferably comprise low levels of chlorine dioxide or
chlorous acid, or are essentially free of chlorine
dioxide or chlorous acid (i.e., have less than about 2
ppm, preferably less than about 1 ppm of chlorine
dioxide or chlorous acid). For dual component
compositions the level of chlorine dioxide or chlorous
acid is measured within about 2 to 3 minutes after the
two components are mixed together. The pH of the final
composition is generally greater than 7, preferably
greater than 7.5, more preferably from 8 to 12; still
more preferably the pH is from 9 to 10. Improved
Sensory Attributes Examples of dentifrices having
improved sensory attributes are described, for
example, in U.S. Patent No. 5,820,854, which is
incorporated herein by reference in itsentirety. These
dentifrices may be provided and delivered as a single
component, or as two component compositions. The
sensory attributes of a dentifrice with a high ionic
strength, i.e., from about 1,000 mmho to about 50,000
mmho, can be improved sensory by the addition of
polyoxyethylene. The dentifrice provides an increased
foam volume, increased foam viscosity, and a smooth
teeth feeling. In a dual component dentifrice, the
polyoxyethylene may be present in a second dentifrice
component which is dispensed side-by-side with the
high ionic strength dentifrice component.
Alternatively, the polyoxyethlene may be included in
the high ionic strength dentifrice component, and the
second stream dispensed by a delivery device may be a
different component, e.g., a mouthrinse or another
type of dentifrice. The polyoxyethylene may have a
molecular weight of from about 100,000 to about
10,000,000 or about 200,000 to about 7,000,000. In
some embodiments, a dual component dentifrice includes
a first dentifrice component having an ionic strength
of from about 1,000 mmho to about 50,000 mmho and
comprising from about 0.1% to about 8% of a
polyoxyethylene having a molecular weight of from
about 100,000 to about 10,000,000 or about 200,000 to
about 7,000,000 and from about 92% to about 99.5% of
one or more aqueous carriers; and a second dentifrice
component. In an alternative embodiment, the
dentifrice includes a first dentifrice component
having an ionic strength of from about 1,000 mmho to
about 50,000 mmho; and a second dentifrice component
comprising from about 0.1% to about 8% of a
polyoxyethylene having a molecular weight of from
about 100,000 to about 10,000,000 or about 200,000 to
about 7,000,000 and from about 92% to about 99.9% of
one or more aqueous carriers. Examples of suitable
polyoxyethylenes include those having a molecular
weight of from about 100,000 to about 10,000,000 or
about 200,000 to about 7,000,000. Preferably, the
molecular weights will be from about 600,000 to about
2,000,000, and more preferably from about 800,000 to
about 1,000,000. "Polyox" is the tradename for a high
molecular weight polyoxyethylene produced by Union
Carbide. The polyoxyethylene is generally present in
an amount of from about 0.1% to about 8%, preferably
from about 0.2% to about 5%, and more preferably from
about 0.3% to about 2%, by weight of the dentifrice
component. High ionic strength in a dentifrice will
occur when the dentifrice contains ingredients having
an ionic character. Commonly used ingredients with
ionic character include materials such as salts and
surfactants. Dentifrices with high salt levels and/or
high surfactant levels willhave a high ionic strength.
Ionic strength of a dentifrice is measured by
conductivity of the dilute slurry. The slurry is a 3:1
water to dentifrice slurry. Preferably the dentifrice
will have an ionic strength of from about 5,000 mmho
to about 40,000 mmho and more preferably from about
10,000 mmho to about 25,000 mmho. The total salt level
of dentifrices with high ionic strength is generally
from about 4% to about 70%, preferably from about 6%
to about 60%, and more preferably from about 8% to
about 50%. Remineralizing Examples of two component
oral care compositions having remineralizing
characteristics are described, for example, in U.S.
Patent No. 4,083,955, which is incorporated herein by
reference in its entirety. Subsurface dental enamel
cay be remineralized by the sequential application of
certain soluble salts yielding ions which will react
to form a desirable remineralizing precipitate. Salt
solutions, such as calcium and phosphate salt
solutions, cay be sequentially applied to dental
enamel to effect remineralization. Subsurface
remineralization of tooth enamel with a desirable
precipitate cay be accomplished by a process utilizing
a first component comprising a water-soluble compound
capable of acting as a source of the cation of the
desirable precipitate, and a second component
comprising a water-soluble compound capable of acting
as a source of the anion of the desirable precipitate.
The process comprises the steps of: (1) applying one
of the above components to the surface of a tooth, and
thereafter, (2) applying the other component to the
surface of the tooth, whereby the desired ion of the
other component diffuses into the demineralized
subsurface and forms the desirable precipitate with
the ions of the first component, thus effecting
remineralization of the demineralized subsurface. The
duration of step (1) may be selected to allow the
desired ion to diffuse into the demineralized
subsurface. For example, in the first step, a
component including a reactant solution of a soluble
salt is placed in contact with the tooth surface
nearest to the demineralized subsurface. In this first
reactant solution are selected cations which diffuse
through the tooth surface to its demineralized
subsurface. In the second step, a second component
including a reactant solution containing selected
anions is placed in contact with the tooth surface
nearest the demineralized subsurface. The anions
diffuse through the tooth surface to the demineralized
subsurface where they come in contact with the cations
previously deposited and form a precipitate which is
bound to the tooth structure. As a result, the tooth's
subsurface is remineralized.Concentrations of the
cationic and anionic solutions may be from 0.005 to
10% or the limit of solubility of the salt, with from
about 0.05 to about 5% preferred. Excess salt can be
present, if desired. More than one cation may be
employed in the cationic solution. Equivalent
concentrations in the cationic and anionic solutions
are not necessary since in each step an excess of the
reactant is required in order to promote diffusion
into the tooth's demineralized subsurface. Similarly,
more than one anion may be employed in the anionic
solution. There is a visible effect on "white spots"
after as few as eight sequential applications, and it
is contemplated that several sequential applications
will be employed to achieve the most beneficial
results. In order to effect remineralization of the
dental enamel, a therapeutic amount of the desired
cations and anions may be employed in the oral cavity.
The amount of solution placed in the mouth should
generally contain at least about 0.001 g. of desired
cations and about 0.001 g. of desired anions and
preferably contains more than about 0.1 g. of desired
cations and about 0.1 g. of desired anions and/or less
about 10 g of the desired cations/anions and/or less
than about 5g of the desired cations/anions, or less
than about 2g of the desired cations/anions. While the
length of time of contact between the salt solutions
and the tooth's surface is not critical, it is
necessary for the length of time to be great enough to
allow diffusion of the ions through the tooth's
surface to the demineralized subsurface. It is
believed that at least ten seconds is required for
this diffusion. Each solution should have a pH of from
about 3 to about 10 before and after the precipitation
reaction, and be otherwise compatible in the oral
environment. The ions must not combine prematurely in
the solution to form a precipitate, but must be able
to diffuse through the surface of the tooth to a
demineralized subsurface area and be able to form an
insoluble salt with ions of the other solution. The
solutions and the insoluble precipitates are
preferably not colored, and, or course, have
acceptable levels of toxicity (i.e., the particular
ions, in the amounts used in the remineralization
process, must be non-toxic). Although many
precipitates may be used for remineralization, by
depositing a precipitate less soluble than the
original enamel, the remineralized subsurface can be
made to be more resistant to demineralization than was
the original enamel. If remineralization is carried
out in the presence of either a heavy metal ion or
fluoride ion, the rernineralized enamel is more
resistant to demineralization than was the original
enamel. If both ions are present, the remineralized
enamel is even more resistant to demineralization. The
concentration of saltcontaining heavy metal ion and
fluoride ion in their respective solutions may be from
about 0.005 to about 10%, e.g., from about 0.005 to
about 0.1%. Examples of suitable heavy metal ions are
aluminum, manganese, tin, zinc, indium, and rare earth
metals such as lanthanum and cerium. In certain
implementations, the remineralizing cationic solution
contains from about 0.005 to about 10%, preferably
about 1%, of a soluble calcium salt yielding calcium
ions and from about 0.005 to about 10%, preferably
from about 0.005 to 0.1% of a soluble indium salt
yielding indium ions. The remineralizing anionic
solution contains from about 0.005 to about 10%,
preferably about 1%, of soluble phosphate salt
yielding phosphate ions and from about 0.005 to about
10%, preferably from about 0.005 to about 0.1% of a
soluble fluoride salt yielding fluoride ions. The
resulting precipitate is a calcium phosphate or
hydroxylapatite, the natural constituent of tooth
enamel, with incorporated indium and fluoride ions.
Not only does this process result in remineralized
enamel, but the remineralized enamel is more resistant
to subsequent demineralization than was the original
enamel. Suitable soluble fluoride and indium salts
include, but are not limited to, sodium fluoride, zinc
fluoride, betaine fluoride, alanine stannous fluoride,
hexylamine fluoride, indium chloride, indium sulfate,
and indium nitrate. The anions which give desirable
insoluble precipitates include phosphate, fatty acid
groups having from 8 to 18 carbon atoms, fluoride,
fluorophosphate, silica fluoride, sulfate, tartrate,
sorbate, alkyl sulfonates having from 6 to 18 carbon
atoms, carbonates, etc. Mixtures of these anions are
desirable. Cations which give desirable insoluble
precipitates include the heavy metal ions referred to
hereinbefore, and calcium and magnesium. Mixtures of
these cations are desirable. These cations and anions
which form the insoluble remineralizing precipitates
can be obtained from solutions of the corresponding
soluble salts. Suitable soluble salts of the cations
used in this invention include the halide, e.g.,
chloride, nitrate, sulfate, acetate and gluconate
salts of the desired cation. Similarly suitable
soluble salts of the anions of this invention include
alkali metal (e.g., sodium and potassium), ammonium,
and low molecular weight substituted ammonium salts.
Examples of low molecular weight substituted ammonium
salts are those where one or more of the hydrogen
atoms on the ammonium ion is substituted with a 1-3
carbon atom, alkyl or hydroxy alkyl group such as
methyl, ethyl, propyl, hydroxyethyl, 2- hydroxypropyl,
or 3-hydroxypropyl, e.g., the mono-, di-, or
triethanolammonium salts or themono-, di-, or
triethylamtnonium salts. The many different cations
and anions with which one could remineralize tooth
enamel combine to form many different precipitates.
Most preferred precipitates are calcium phosphate
compounds with small amounts of indium and fluoride
incorporated therein. The following precipitates
disclose not only desirable remineralizing
precipitates but, of course, also the cations and
anions necessary to form the precipitates. It will be
recognized by one skilled in the art that some of
these precipitates can be formed by first forming an
original precipitate which then further reacts to form
the indicated precipitate. For example, a hydroxide
may form first and then react further to form the
corresponding oxide. Preferred precipitates are:
calcium phosphates; ZnNH4PO4 ; InPO4 ; rare earth
phosphates such as lanthanum, cerium and samarium
phosphate; rare earth fluorides such as lanthanum,
cerium, praseodymium, neodymium, and samarium
fluorides; magnesium alkyl sulfonate wherein the alkyl
group has from 10 to 22 carbon atoms; magnesium
stearate; calcium stearate; zinc stearate; and
aluminum phosphates. The components of the precipitate
can be sequentially delivered to the surface of the
tooth by means of two separate delivery vehicles, each
containing one component, e.g., a mouthwash and a
toothpaste. For example, the components of the
precipitate can be delivered using an oral care device
described herein. Reducing tooth sensitivity Examples
of two component oral care compositions that can
reduce tooth sensitivity are described, for example,
in U.S. Patent No. 6,953,817, which is incorporated
herein by reference in its entirety. Desensitizing
dentifrice compositions are formulated to eliminate or
reduce the discomfort and pain associated with
dentinal hypersensitivity. Such compositions include
twocomponent desensitizing dental compositions
containing potassium salt desensitizing agents. The
dental compositions can include two semi-solid aqueous
components: a first component buffered to maintain an
alkaline pH of at least about 9.0 and preferably about
9.0 to about 12.0, and a second component maintained
at a pH of 6.5 to 7.5 with a phosphate salt buffer
ingredient. At least one of the components contains a
fluoride ion-releasing salt and a potassium-releasable
salt compound in an orally acceptable vehicle, the
fluoride compound being present at a concentration
sufficient to release about 2500 to 8800 parts per
million (ppm) fluoride from the compound. Upon mixing
and combination of the components a compositionhaving
a pH of from about 6.5 to about 7.0 is formed. Upon
repeated application of the mixture to the teeth,
increased relief from dentinal hypersensitivity is
experienced by the user. The two components are
preferably combined in approximately equal weight
proportions, so that about one-half of the
concentration of any particular ingredient within
either component will be present when the components
are combined and applied to the teeth, as by brushing.
Both components are preferably formulated to have
similar physical characteristics, so that the two
components may be simultaneously delivered in the
desired predetermined amounts. To prepare the
dentifrice component having a substantially neutral
pH, a buffering agent is incorporated, which is
normally prepared using a vehicle which contains
water, humectant, surfactant and an abrasive. The
buffering agent is preferably a mixture of mono- and
dibasic sodium phosphate salts and is incorporated in
dentifrice component at a concentration of about 5 to
about 10% by weight and preferably about 6 to about
10% by weight of in the component. The dentifrice
component having an alkaline pH is prepared using a
vehicle having a composition similar to that of the
buffered neutral pH component. An alkaline agent such
as an alkali metal compound including sodium
hydroxide, potassium hydroxide, sodium bicarbonate,
sodium carbonate, N-sodium silicate (a 3.22 weight
ratio of sodium silicate in 34.6% water available from
PQ Corporation) is incorporated in the alkaline
component in amounts in the range of about 0.5 to
about 15% by weight, preferably about 1.0 to about 8%
by weight and most preferably at about 1.0 to about
5.0% by weight of the component. Mixtures of the above
alkali metal compounds can also be used. The fluoride
ion-releasing salts are characterized by their ability
to release fluoride ions in water. It is preferable to
employ a water soluble fluoride salt providing about
1000 to about 9000 ppm of fluoride ion, and preferably
about 2500 to about 8800 ppm of fluoride ion. Suitable
examples of fluoride ion-releasing salts include water
soluble inorganic metal salts, for example, sodium
fluoride, potassium fluoride, sodium
monofluorophosphate, stannous fluoride and sodium
fluorosilicate. Sodium fluoride, sodium
monofluorophosphate and stannous fluoride are
preferred fluoride ion releasing salts. The source of
desensitizing potassium ion is generally a water
soluble potassium salt including potassium nitrate,
potassium citrate, potassium chloride, potassium
bicarbonate and potassium oxalate with potassium
nitrate being preferred. The potassium salt is
generallyincorporated in one or more of the dentifrice
components at a concentration of about 1 to about 20%
by weight and preferably about 3 to about 10% by
weight. Prevention of gum disease Examples of two
component oral care compositions that prevent gum
disease are described, for example, in U.S. Patent No.
5,281,410, U.S. Patent No. 5,145,666, U.S. Patent No.
4,849,213, U.S. Patent No. 4,528,180, and U.S. Patent
No. 5,632,972, which are incorporated herein by
reference in there entirety. Some oral care
compositions are capable of reducing plaque and
gingivitis while at the same time not incurring
significant staining. Staining can be reduced by the
use of a dual component composition containing
pyrophosphate ions and stannous compounds, e.g., with
stannous fluoride and another stannous compound in one
component and pyrophosphate ions in another. Both
components generally include a pharmaceutically
acceptable carrier. Stannous fluoride is the first
essential component of the stannous components. This
material is present in the stannous composition at a
level of from about 0.05% to about 1.1%, preferably
from about 0.4% to about 0.95%. It should be
recognized that separate soluble stannous and fluoride
salts may be used to form stannous fluoride in-situ as
well as adding the salt directly. Suitable salts for
forming stannous fluoride in-situ include stannous
chloride and sodium fluoride among many others. A
second stannous compound is generally included in the
stannous component. The second stannous compound is a
stannous salt of an alpha hydroxy acid, phytic acid,
EDTA, glycine and mixtures thereof. In some
embodiments, the second stannous compound is stannous
gluconate. These materials are known stannous chelates
and may be provided to the present compositions as the
chelate or as separate soluble stannous salts and the
chelate formed in-situ such as with stannous fluoride.
Suitable alpha hydroxy-acids include gluconic acid,
citric acid, malic acid, tartaric acid and lactic
acids. Such salts include stannous chloride and
stannous fluoride. The second stannous compound is
generally present in the present components at a level
of from about 0.1% to about 11%, preferably from about
2% to about 4%. The second component is a component
containing or capable of providing an effective amount
of pyrophosphate ions. The pyrophosphate ion can be,
for example, pyrophosphate acid or any of the readily
water soluble pyrophosphate salts. Such salts include
any of the alkali metal salts such as sodium,
potassium and hthium and also including ammonium.The
amount of pyrophosphate ions is any effective amount
generally from about 1% to about 15%, preferably from
about 1% to about 10%, most preferably from about 3%
to about 7%. In some embodiments, the components can
be applied to the oral cavity in safe and effective
amounts. These amounts (e.g. from about 0.3 to about
15 g), if it is a toothpaste or mouthwash, are kept in
the mouth for from about 15 to about 60 seconds. The
components can be used in any order but it is
preferable that the stannous component be used first.
In some embodiments, hydrogen or urea peroxide is
dissolved in a nontoxic gel for use in combination
with a separately stored but substantially
simultaneously dispensed paste containing sodium
bicarbonate, table (or another suitable) salt, and,
preferably, additional cleansing, anticaries and
polishing agents as well as an effective concentration
of flavoring substances. Controlled quantities of the
gel and paste can be simultaneously released onto the
toothbrush and immediately applied to the teeth and
gums. Control of the peroxide, salt, and NaHCO3
quantities delivered may be thus effected by
specification of the opening of the orifice and the
active ingredient concentration in each tube (or pump
compartment). When the brush is applied to teeth and
gums, immediate mixing of the products takes place
followed by the rapid evolution of active oxygen and
carbon dioxide. At the same time, the effervescence
accompanying release of active oxygen activates the
flavor contained in the bicarbonate paste and produces
a lasting highly refreshing taste in the mouth which
is unlike any other flavor provided by existing
toothpastes or gels. The hydrogen peroxide gel may
contain the following ingredients in the following
amounts - H O2 : about 1.0-10.0% and preferably about
3.0-6.5%; Acrylic acid copolymer: about 0.05-1.20%
and, preferably, about 0.3-0.8%; nonionic cellulose
gum: about 0.1-1.5% and, preferably, about 0.3-0.8%;
neutralizing agent (triethanolamine,
diisopropanolamine, NaOH, KOH): an amount sufficient
to raise the gel pH to about 3.0-6.0. The balance is
purified (distilled or deionized) water. The sodium
bicarbonate paste contains sodium bicarbonate, sodium
chloride, purified (distilled or deionized) water and
a thickener/stabilizer such as cellulose gum and
magnesiumaluminum silicate, as essential ingredients.
In order to disperse the "chalky" taste imparted
mostly by the bicarbonate, a bodying agent is added,
such a sorbitol, glycerin or a glycol. In addition, if
the paste, in combination with the gel, is to displace
toothpaste completely, cleansingagents, such as
calcium sulfate, calcium phosphate and hydrated
aluminum oxide, as well as a foaming agent such as
sodium lauryl sulfate (which also enhances the
peroxide-bicarbonate-salt action) may be added. The
constituents and quantities for the bicarbonate paste
are as follows: sodium bicarbonate: about 10-50% and
preferably 20-40%; polyol: about 5-30% and preferably,
15- 25%; cellulose gum: about 1-3% and preferably
1.2-1.8%; sodium chloride: about 1-6% and preferably
about 2-4%; polishing agent/cleanser: about 1-40%,
preferably about 1.5-30%; foaming agent: about
0.1-2.5% and preferably about 0.2-0.5%; flavoring
agent(s): to taste, less than about 1%; preservatives:
about 0.1-0.5%. The balance is purified water. The
paste and the gel are preferably used in substantially
equal proportions, by volume. In some embodiments,
gingival bleeding may be inhibited, and the texture
and consistency of gingival and periodontal tissues
improved, by delivering to the oral cavity a first
component comprising from about 0.1 to about 10% by
weight of zinc salt in a pharmaceutically acceptable
carrier, and a second component comprising from about
1 to about 80% by weight of a bicarbonate salt in a
pharmaceutically acceptable carrier, and agitating the
combination of first and second compositions within
the mouth against the gingival and periodontal
tissues, or brushing gingival and periodontal surfaces
surrounding the teeth simultaneously with a
combination of the first and second components. In a
preferred embodiment, the first component can also
include a peroxygen compound. Another embodiment
utilizes ascorbic or citric acids in place of the
peroxygen compound. This combination of zinc and
bicarbonate salts can deliver a very potent inhibitory
effect against gingival and periodontal tissue damage.
Such effect requires the zinc and bicarbonate salts to
be separately packaged prior to their introduction
into the oral cavity. For example in an oral care
device described herein. 



The first component includes a salt capable of
delivering zinc ions. By the term "zinc ion" is meant
that the zinc-atom portion of a molecule of the zinc
compound in the solid or undissociated state, is
capable of being dissociated into simple or complex
zinc ions, especially when dispersed in an aqueous
medium. Examples of the compounds that may be employed
are zinc salts of the following inorganic ions:
borate, bromide, carbonate, hexofluorosilicate,
pyrophosphate, silicate, sulphate and titanate.
Organic anions are those having from 2 to 22 carbon
atoms with a charged group selected from carboxylate,
sulphonate, sulphate and phosphate. Specific examples
include, but are not limited to, acetate, benzoate,
citrate, glycinate,lactate, phenolsulphonate,
salicylate, tartrate, acetylacetonate, naaleate,
succinate, ascorbate, and gluconate. The zinc salts
will generally be present in oral care compositions in
an amount from about 0.05 to about 10%, preferably
between about 0.2 and 5%, optimally between about 0.8
and 3% by weight. The first component may be a gel and
the second composition may be in the form of an opaque
paste. The gel will include a peroxygen compound such
as hydrogen peroxide, urea peroxide, calcium peroxide
and the salts of perborate, persilicate, perphosphate
and percarbonate. The amount of the peroxygen compound
may range from about 0.1 to about 10% by weight. In
terms of active weight hydrogen peroxide, the amount
will range from about 0.5 to about 5%, preferably from
about 0.8 to about 4%, optimally between about 1 and
3% by weight. Instead of a peroxygen compound, the
first component may contain a C2 -C2o carboxylic acid.
Illustrative acids include citric, malic, lactic and
ascorbic acids. Levels of the acids may range in
amounts similar to that of the peroxygen compound,
i.e. from about 0.1 to about 10% by weight. Citric
acid is most preferred. When present, these acids will
either be in liquid, gel or paste type compositions.
Advantageously, the pH of the first component will be
held between about 3.2 and 5.0, preferably from 4.0 to
4.5. The bicarbonate-containing second component may
also contain a fluoride anticaries compound selected
from the same fluoride compounds in essentially
identical amounts to those described hereinabove with
respect to the first composition. Especially preferred
is sodium fluoride. Bicarbonate salts will be present
in alkali metal form, examples of which are sodium and
potassium. Typically, the concentration of bicarbonate
salt will range from about 0.5 to about 80%,
preferably from about 5 to about 50%, optimally
between about 8 and about 20% by weight. The pH of the
bicarbonate composition may range from about 7.0 to
about 9.5, most preferably about 8.0 to 9.0. When the
bicarbonate composition is in toothpaste or gel form,
there will typically be included a natural or
synthetic thickening agent in an amount from about 0.1
to 10%, preferably about 0.5 to 5% by weight. Relative
weight amounts of the first composition to that of the
second composition will range from about 1:2 to 2:1,
preferably about 1:1. Dentifrice Compositions and
ComponentsOral care compositions and components
formulated as a dentifrice generally include a binder,
a carrier, and an active ingredient. In some
instances, the dentifrice may also include one or more
of the following: a surfactant and/or detergent, a
thickening agent, a polishing agent, a carrier, a
humectant, a salt, etc. Examples of suitable
dentifrice ingredients are described below. Binder The
binder system, generally, is a primary factor that
determines the rheological characteristics of the oral
care composition. The binder also acts to keep any
solid phase of an oral care component suspended, thus
preventing separation of the solid phase portion of
the oral care component from the liquid phase portion.
Additionally, the binder can provide body or thickness
to the oral care composition. Thus, in some instances,
a binder can also provide a thickening function to an
oral care composition. Examples of binders include
sodium carboxymethyl-cellulose, cellulose ether,
xanthan gum, carrageenan, sodium alginate, carbopol,
or silicates such as hydrous sodium lithium magnesium
silicate. Other examples of suitable binders include
polymers such as hydroxypropyl methylcellulose,
hydroxyethyl cellulose, guar gum, tragacanth gum,
karaya gum, arabic gum, Irish moss, starch, and
alginate. Alternatively, the binder can include a
clay, for example, a synthetic clay such as a
hectorite, or a natural clay. Each of the binders can
be used alone or in combination with other binders.
Surfactants/Detergents In some instances, the
dentifrice may includes one or more surfactants or
detergents to provide a desirable foaming quality.
Surfactants generally include anionic, nonionic,
cationic and zwitterionic or amphoteric compositions.
Examples of surfactants include soaps, sulfates (e.g.,
sodium lauryl sulfate and sodium dodecyl benzene
sulfonate), sodium lauryl sarcosinate, sorbitan esters
of fatty acids, sulfobetaines (e.g.,
cocamidopropylbatine), and D-glucopyranoside Cio-i 6
alkyl oligomeric. In some embodiments, the surfactants
include sodium lauryl sulphate, cocamidopropyl
betaine, and D-glucopyranoside Ci0-Ci alkyl
oligomeric. In general, surfactants are present in an
amount from about 0.2 to about 8% by weight (e.g.,
from about 1 to about 5% or from about 1.5 to about
3.5%). Thickening agents Examples of thickening agents
include thickening silica, polymers, clays, and
combinations thereof. Thickening silica, for example,
SILODENT 15 hydrated silica, in theamount between
about 4% to about 8% by weight (e.g., about 6%)
provide desirable in- mouth characteristics. The
phrase "in-mouth characteritics" as described herein
relates to the body and thickness of the dentifrice as
it foams in the mouth of a user. Polishing agents
Examples of polishing agents include abrasives, such
as carbonates (e.g., sodium bicarbonate, calcium
carbonate) water-colloidal silica, precipitated
silicas (e.g., hydrated silica), sodium
aluminosilicates, silica grades containing alumina,
hydrated alumina, dicalcium phosphates, insoluble
sodium metaphosphate, and magnesiums (e.g.,
trimagnesium phosphate). A suitable amount of
polishing agent is an amount that safely provides good
polishing and cleaning and which, when combined with
other ingredients gives a smooth, flowable, and not
excessively gritty composition. In general, when
polishing agents are included, they are present in an
amount from about 5% to about 50% by weight (e.g.,
from about 5% to about 35%, or from about 7% to about
25%). Carriers Examples of carriers include water,
polyethylene glycol, glycerin, polypropylene glycol,
starches, sucrose, alcohols (e.g., methanol, ethanol,
isopropanol, etc.), or combinations thereof. Examples
of combinations include various water and alcohol
combinations and various polyethylene glycol and
polypropylene glycol combinations. In general, the
amount of carrier included is determined based on the
concentration of the binder system along with the
amount of dissolved salts, surfactants, and dispersed
phase. Humectants Generally, humectants are polyols.
Examples of humectants include glycerin, sorbitol
propyleneglycol, xylitol, lactitol, polypropylene
glycol, polyethylene glycol, hydrogenated corn syrup
and mixtures thereof. In general, when humectants are
included they can be present in an amount from about
10% to about 60% by weight. Buffers and/or Salts
Examples of buffers and salts include primary,
secondary, or tertiary alkali metal phosphates, citric
acid, sodium citrate, sodium saccharin, tetrasodium
pyrophosphate, sodium hydroxide, and the like. Active
ingredients Dentifrices may include active
ingredients, for example, to prevent cavities, to
whiten teeth, to freshen breath, to deliver oral
medication, and to provide other therapeutic and
cosmeticbenefits such as those described above.
Examples of active ingredients include the following:
anti-caries agents (e.g., water soluble fluoride
salts, fluorosilicates, fluorozirconates,
fluorostannites, fluoroborates, fluorotitanates,
fluorogermanates, mixed halides and casine);
antitarter agents; anti-calculus agents (e.g.
alkali-metal pyrophosphates, hypophosphite-containing
polymers, organic phosphocitrates, phosphocitrates,
polyphosphates); anti-bacterial agents (e.g.,
bacteriocins, antibodies, enzymes); anti-bacterial
enhancing agents; anti-microbial agents (e.g.,
Triclosan, chlorhexidine, copper-, zinc- and stannous
salts such as zinc citrate, zinc sulfate, zinc
glycinate, sanguinarine extract, metronidazole,
quaternary ammonium compounds, such as cetylpyridinium
chloride; bis-guanides, such as chlorhexidine
digluconate, hexetidine, octenidine, alexidine; and
halogenated bisphenolic compounds, such as 2,2'
methylenbis-(4- chloro-6-bromophenol)); desensitizing
agents (e.g., potassium citrate, potassium chloride,
potassium tartrate, potassium bicarbonate, potassium
oxalate, potassium nitrate and strontium salts);
whitening agents (e.g., bleaching agents such as
peroxy compounds, e.g. potassium peroxydiphosphate);
anti-plaque agents; gum protecting agents (e.g.,
vegetable oils such as sunflower oil, rape seed oil,
soybean oil and safflower oil, and other oils such as
silicone oils and hydrocarbon oils). The gum
protection agent may be an agent capable of improving
the permeability barrier of the gums. Other active
ingredients include wound healing agents (e.g., urea,
allantoin, panthenol, alkali metal thiocyanates,
chamomile-based actives and acetylsalicylic acid
derivatives, ibuprofen, flurbiprofen, aspirin,
indomethacin etc.); tooth buffering agents;
reminieralization agents; anti-inflammatory agents;
anti-malodor agent; breath freashing agents; and
agents for the treatment of oral conditions such as
gingivitis or periodontitis. Other ingredients In some
instances, dentifrices may include effervescing
systems such as sodium bicarbonate citric acid
systems, or color change systems. Dentifrices may also
include one or more of the following: phenolic
compounds (e.g., phenol and its homologues, including
2-methyl-phenol, 3-methyl-phenol. 4-methyl-phenol, 4-
ethyl-phenol, 2,4-dimethol-phenol, and 3,4-dimethol
-phenol); sweetening agents (e.g., sodium saccharin,
sodium cyclamate, sucrose, lactose, maltose, and
fructose); flavors (e.g., peppermint oil, spearmint
oil, eucalyptus oil, aniseed oil, fennel oil, caraway
oil, methyl acetate, cinnamaldehyde, anethol,
vanillin, thymol and other natural or nature-identical
essential oils or synthetic flavors); preservatives
(e.g., p-hydroxybenzoic acid methyl, ethyl, or propyl
ester,sodium sorbate, sodium benzoate,
bromochlorophene, triclosan, hexetidine, phenyl
silicylate, biguanides, and peroxides); opacifying and
coloring agents such as titanium dioxide or F D & C
dyes; and vitamins such as retinol, tocopherol or
ascorbic acid. Mouth rinse Compositions and Components
The compositions and components discussed herein may
be provided in the form of mouthrinses or mouthwashes.
Ingredients of such mouthwashes and mouthrinses
typically include one or more of water (from about 45%
to about 95%), ethanol (from about 0% to about 25%), a
humectant (from about 0% to about 50%), a surfactant
(from about 0.01% to about 7%), a flavoring agent
(from about 0.04% to about 2%), a sweetening agent
(from about 0.1% to about 3%), and a coloring agent
(from about 0.001% to about 0.5%). Such mouthwashes
and mouthrinses may also include one or more of an
anticaries agent (from about 0.05% to about 0.3% as
fluoride ion) and an anticalculus agent (from about
0.1% to about 3%). The compositions and components
discussed herein may also be in the form of dental
solutions and irrigation fluids. Ingredients of such
dental solutions generally include one or more of
water (from about 90% to about 99%), preservative
(from about 0.01% to about 0.5%), thickening agent
(from 0% to about 5%), flavoring agent (from about
0.04% to about 2%), sweetening agent (from about 0.1%
to about 3%), and surfactant (from 0% to about 5%).
Some non-limiting examples of a first component and a
second component, which can be either simultaneously
or sequentially (i.e., the second component following
the first component) delivered by wide variety of
devices and/or packages, some of which have been
described herein, are set forth in Table 1 below. The
first and second components of Table 1 can be
delivered using any of the regimens, dosages, steps,
or methods, in whole or part, described herein. TABLE
lAUDIO CHANNEL EXTRACTION USING INTKR-CHANNEL
AMPLITUDE SPECTRA BACKGROUND OF THE INVENTION Field of
the Invention This invention relates to the extraction
of multiple audio channels from two or more audio
input channels comprising a mix of audio sources, and
more particularly to the use of inter-channel
amplitude spectra to perform the extraction.
Description of the Related Art Blind source '
separation (BSS) is a class of methods that are used
extensively in areas where one needs to estimate
individual original audio sources from stereo channels
that carry a linear mixture of the individual sources.
The difficulty in separating the individual original
sources from their linear mixtures is that in many
practical applications little is known about the
original signals or the way they are mixed. In order
to do demixing blindly some assumptions on the
statistical nature of signals are typically made.
Independent Component Analysis (ICA) is one method,
perhaps the most widely used for performing blind
source separation. ICA assumes that the audio sources
are statistically independent and have nongaussian
distributions. In addition, the number of audio input
channels must be at least as large as the number of
audio sources to be separated. Furthermore, the input
channels must- be linearly independent; not linear
combinations of themselves. In other words, if the
goal is to extract, for example, three or perhaps four
audio sources such as voice, string, percussion, etc
from a stereo mix, forming a third or fourth channel
as a linear combination of the left andright channels
would not suffice- The ICA algorithm is well known in
the art and is described by Aapo Hyvarinen and Erkki
Oja, "Independent Component Analysis: Algorithms and
Applications", Neural Networks, April 1999, which is
hereby incorporated by reference. Unfortunately in
many real world situations only a stereo mix is
available. This severely limits BSS algorithms based
on ICA to separating at most two audio sources from
the mix. In many applications, audio mixing and
playback is moving away from conventional stereo to
multi-channel audio having 5.1, 6.1 or even higher
channel configurations . There is a great demand to be
able to remix the vast catalog of stereo music for
multi-channel audio. To do so effectively, it will
often be highly preferable if not necessary to
separate three or more sources from the stereo mix.
Current ICA techniques cannot support this . SUMMARY
OF THE INVENTION The following is a summary of the
invention in order to provide a basic understanding of
some aspects of the invention. This summary is not
intended to identify key or critical elements of the
invention or to delineate the scope of the invention.
Its sole purpose is to present some concepts of the
invention in a simplified form as a prelude to the
more detailed description and the defining claims that
are presented later. The present invention provides a
method for extracting multiple audio output channels
from two or more audio input channels that are not
merely linear combinations of those input channels .
Such output channels can than be used, for example, in
combination with a blind source separation (BSS)
algorithm that requires at least as many linearly
independent input channels as sources to be separated
ordirectly for remixing applications, e.g. 2.0 to 5.1.
This is accomplished by creating at least one
interchannel amplitude spectra for respective pairs of
M framed audio input channels that carry a mix of
audio sources. These amplitude spectra may, for
example, represent the linear, log or norm differences
or summation of the pairs of input spectra. Each
spectral line of the inter-channel amplitude spectra
is then mapped into one of N defined outputs, suitably
in an M-I dimensional channel extraction space. The
data from the M input channels are combined according
to the spectral mappings to form N audio output
channels. In an embodiment, the input spectra are
combined according to the mapping and the combined
spectra are inverse transformed and the frames
recombined to form the N audio output channels. In
another embodiment, a convolution filter is
constructed for each of the outputs using the
corresponding spectral map. The input channels are
passed through the filters and recombined to form the
N audio output channels . These and other features and
advantages of the invention will be apparent to those
skilled in the art from the following detailed
description of preferred embodiments, taken together
with the accompanying drawings, in which: BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a block diagram
including a channel extractor and source separator for
separating multiple audio sources from an audio mix;
FIG. 2 is a block diagram for extracting additional
audio channels using inter-channel amplitude spectra
in accordance with the present invention; FIGs. 3a
through 3c are diagrams depicting various mappings
from the inter-channel amplitude spectra to achannel
extraction space; FIG. 4 is a block diagram of an
exemplary embodiment for extracting three output
channels from a stereo mix using spectral synthesis of
the input channels in accordance with the spectral
mapping; FIGs . 5a through 5c are diagrams
illustrating windowing an audio channel to form a
sequence of input audio frames; FIG. 6 is a plot of
the frequency spectra of the stereo audio signals;
FIG. 7 is a plot of the difference spectrum; FIG. 8 is
a table illustrating two different approaches to
combining the input spectra; FIGs . 9a through 9c are
plots of the combined spectra for the three output
audio channels; FIG. 10 is a block diagram of an
alternate embodiment using a convolution filter to
perform time-domain synthesis of the input channels in
accordance with the spectral mapping . DETAILED
DESCRIPTION OF THE IWVENTION The present invention
provides a method for extracting multiple audio
channels from two or more audio input channels
comprising a mix of audio sources, and more
particularly to the use of inter-channel amplitude
spectra to perform the extraction. This approach
produces multiple audio channels that are not merely
linear combinations of the input channels, and thus
can then be used, for example, in combination .with a
blind source separation (BSS) algorithm or to provide
additional channels directly for various re-mixing
applications. As an exemplary embodiment only, the
extraction technique will be described in the context
of its use with a BSS algorithm. As described above,
for a BSS algorithmto extract Q original audio sources
from a mixture of those sources it must receive as
input at least Q linearly independent audio channels
that carry the mix. As shown in Figure 1 , the M audio
input channels 10 are input to a channel extractor 12,
which in accordance with the present invention uses
inter-channel amplitude spectra of the input channels
to generate N>M audio output channels 14. A source
separator 16 implements a BSS algorithm based on ICA
to separate Q original audio sources 18 from the N
audio output channels where Q N . For example, when
used together the channel extractor and source
separator can extract three, four or more audio
sources from a conventional stereo mix. This will find
great application in the remixing of the music catalog
that only exists now in stereo into multi- channel
configurations . As shown in Figure 2 , the channel
extractor implements an algorithm that uses
inter-channel amplitude spectra. The channel extractor
transforms each of the M , where is at least two,
audio input channels 10 into respective input spectra
(step 20) . The fast fourier transform (FFT) or DCT,
MDCT or wavelet, for example, can be used to generate
the frequency spectra. The channel extractor then
creates at least one inter-channel amplitude spectra
(step 22) from the input spectra for at least one pair
of input channels . These inter-channel amplitude
spectra may, for example, represent the linear, log or
norm differences or summation of the spectral lines
for pairs of input spectra. More specifically, if A '
and B ' are the amplitude of a spectral line for first
and second channels, A-B is the linear difference, Log
(A) -Log (B) is the log difference, (A2- B2) is the L2
norm difference and A+B is the summation. It is
obvious to one of skill in the art that many other
functions of A and B , f(A,B), can be used to compare
the inter-channel amplitude relations of two
channels.The channel extractor maps each spectral line
for the inter-channel amplitude spectra into one of N
defined outputs (step 24) , suitably in an M-I
dimensional channel extraction space. As shown in
Figure 3a, the log difference for a pair (L/R) of
input channels is thresholded at -3db and +3db to
define outputs S! (-~,-3db), S2 (-3dB, +3db) and S3
(+3db, ) in. a one-dimensional space 26. If the
amplitude of a particular spectral line is say Odb it
is mapped to output S2 and so forth. The mapping is
easily extended to N>3 by defining additional
thresholds. As shown in Figure 3b, three input
channels L ,R & C are mapped into thirteen output
channels S1, S2 ... Sc3 in a two-dimensional channel
extraction space 28. The log difference of L/C is
plotted against the log difference of R/C and
thresholded to define sixteen cells. In this
particular example the extreme corner cells all map to
the same output S .. Other combinations of cells are
possible depending on, . for example, the desired
number of outputs or any a priori knowledge of the
sound field relationship of the input channels. For
each spectral line, the amplitude of the log
difference of R/C and L/C are mapped into the space
and assigned the appropriate output. In this manner,
each spectral line is only mapped to a single output.
Alternately, the R/C and L/C inter-channel amplitude
spectra could be thresholded separately in
one-dimensional spaces as shown in Figure 3a. An
alternate mapping for the three input channels L ,R &
C into nine outputs in another two-dimensional channel
extraction space 30 is depicted in Fig. 3c. These
three examples are intended only to show that the
inter-channel amplitude spectra may be mapped to the N
outputs in many different ways and further that the
principle extends to any number of input and output
channels . Each spectral line may be mapped to a
unique output in the M-I dimensional extraction
space.Once each spectral line has been mapped to one
of the N outputs, the channel extractor combines the
data of the M input channels for each of the N outputs
according to the mapping (step 32) . For example,
assume the case shown in Figure 3a of stereo channels
L & R mapped to outputs Sl, S2 and S3 and further
assume that an input spectrum has eight spectral
lines. If, based on the inter-channel amplitude
spectrum, lines 1-3 were mapped to Sl, 4-6 to S2 and
7-8 to S2, the channel extractor would combine the
input data for each of lines 1 , 2 and 3 and direct
that combined data to audio output channel one and so
forth. In general, the input data are combined as a
weighted average. The weights may be equal or vary.
For example, if specific information was known
regarding the sound field relationship of the input
channels, e.g. L , R and C , it may effect selection
of the weights. For example, if L"R than you might
choose weight the L channel more heavily in the
combination. Furthermore, the weights may be the same
for all of the outputs or may vary for the same or
other reasons . The input data may be combined using
either frequencydomain or time-domain synthesis. As
illustrated in Figures 4-9, the input spectra are
combined according to the mappings and the combined
spectra are inverse transformed and the frames
recombined to form the N audio output channels. As
illustrated in Figure 10, a convolution filter is
constructed for each of the N outputs using the
corresponding spectral map. The input channels are
passed through the N filters and recombined to form
the N audio output channels . Figures 4 through 10
illustrate in more detail an exemplary embodiment of
the channel extraction algorithm for the case of
extracting N=3 output channels from a stereo (M=2)
pair of input channels. The channel extractor applies
a window 38 e.g. raised cosine, Hamming or
Hanningwindow (steps 40, 42) to the left and right
audio input signals 44, 46 to create respective
sequences of suitably overlapping frames 48 (left
frame) . Each frame is frequency transformed (step 50,
52) using an FFT to generate a left input spectrum 54
and right input spectrum 56. In this embodiment, the
log difference of each spectral line of the input
spectra 54, 56 is computed to create an inter-channel
amplitude spectrum 58 (step 60) . A 1-D channel
extraction space 62, e.g. -3db and +3db thresholds,
that bound outputs Sl, S2 and S3, are defined (step
64) and each spectral line in the inter-channel
amplitude spectrum 58 is mapped to the appropriate
output (step 66) . Once the mapping is completed, the
channel extractor combines input spectra 54 and 56,
e.g. amplitude coefficients of the spectral lines, for
each of the three outputs in accordance with the
mapping (step 6*7 ) . As shown in Figures 8 and 9a-9c,
in Case 1 the channels are equally weighted and the
weights are the same to generate each audio output
channel spectrum 68, 70 and 72. As depicted, for a
given spectral line the input spectra are only
combined for one output. In Case 2 , perhaps having a
priori knowledge of the L/R sound field, if the
spectral line is mapped to Output 1 (L"R) than only
the L input channel is passed. If L and R are
approximately equal they are weighted the same and if
R"L than only the R input channel is passed. The
successive frames of each output spectrum are inverse
transformed (steps 74, 76, 78) and the frames are
recombined (steps 80, 82, 84) using a standard
overlapadd reconstruction to generate the three audio
output channels 86, 88 and 90. Figure 10 illustrates
an alternate embodiment using time-domain synthesis
for extracting the three audio output channels from
the stereo pair in which the left and rightinput
channels are subdivided into frames w ith a window
such as a Harming window (step 100) , transformed
using an FFT to form input spectra (step 102) and
separated into spectral lines (step 104) by forming a
difference spectrum and comparing e a ch spectral line
against thresholds (-3db and +3db) to construct three
maps' 106a, 106b and 106c, one for each output
channel. An element of the map is set to one if a
spectral line difference falls into a correspondent
category and to zero otherwise. These steps are
equivalent to steps 40-66 illustrated in Figure 4 .
The input channels are passed through convolution
filters constructed for each of the N outputs using
the corresponding spectral maps and the MxN partial
results are summed together and the frames recombined
to form the audio output channels (step 109) . To
reduce artifacts, a smoothing can b e applied to maps
prior to multiplication. Smoothing can be done with
the following formula: A i-1 + 2 'A I + A M Other
smoothing methods are possible. As it is depicted in
the figure, summation (step 110) of the input channels
can be done prior to filtering, if no weighting is
required. While several illustrative embodiments of
the invention have been shown and described, numerous
variations and alternate embodiments will occur to
those skilled in the art. Such variations and
alternate embodiments are contemplated, and can be
made without departing from the spirit and scope of
the invention as defined in the appended claims.I
CLAIM: 1 . A method of extracting N audio output
channels from M<=N audio input channels, comprising:
transforming each of the M audio input channels into
respective input spectra; creating at least one
inter-channel amplitude spectra from the input spectra
for respective pairs of M audio input channels;
mapping each spectral line of the inter-channel
amplitude spectra into one of N outputs; and combining
data from the M input channels according to the
spectral mappings to form the N audio output channels.
2 . The method of claim 1 , wherein overlapping
windows are applied to the audio input channels
pre-transf ormation to form a sequence of frames and
overlapping inverse windows are applied to the frames
post-inverse transformation to recombine them into the
N audio output channels. 3 . The method of claim 1 ,
wherein the inter-channel amplitude spectra are
created as the linear, log or norm difference or
summation of the input spectra. 4 . The method of
claim 1 wherein the spectral lines are mapped into an
M-I dimensional space in which the axes correspond to
respective inter-channel amplitude spectra. 5 . The
method of claim 4 , in which each spectral line is
mapped to a single output . 6 . The method of claim 1
, wherein the spectral lines are thresholded to map
them into one of the N outputs.7 . The method of claim
1 wherein the data from the input channels are
combined as a weighted average. 8 . The method of
claim 7 , wherein the weights are determined at least
in part by a sound field relationship of the audio
input channels . 9 . The method of claim 1 , wherein
the data from the input channels is combined by,
combining the input spectra of the M input channels
for each of the spectral lines mapped to each of the N
outputs; and inverse transforming each of the combined
spectra to form the N audio output channels 10. The
method of claim 1 , wherein the data from the input
channels is combined by, constructing a filter for
each of the N outputs using the corresponding map;
passing each of the M input channels through the N
filters; and combining the filter outputs to form N
output channel frames . 11. The method of claim 1 ,
wherein the N audio output channels are linearly
independent 12. The method of claim 1 , wherein the
audio input channels comprise a mix of audio sources,
further comprising using a source separation algorithm
to separate the N audio output channels into an equal
or lesser plurality of said audio sources. 13. A
method of separating Q audio sources from M audioinput
channels comprising a mix of audio sources,
comprising: transforming each of the M audio input
channels into respective input spectra; creating at
least one inter-channel amplitude spectra from the
input spectra for respective pairs of M audio input
channels ; mapping each spectral line of the
inter-channel amplitude spectra into one of N Q
outputs to create a map for each output; combining
data from the M input channels according to the maps
to form the N audio output channels; and using a
source separation algorithm to separate the N audio
output channels into Q audio sources. 14. The method
of claim 13, wherein the N audio output channels are
linearly independent . 15. A method of extracting N
audio output channels from two audio input channels,
comprising: transforming each of the audio input
channels into respective input spectra; creating an
inter-channel amplitude spectrum from the inpu t
spectra; thresholding each spectral line of the
inter-channel amplitude spectrum into one of N
outputs; and combining data from the M input channels
according to the spectral mappings to form the N audio
output channels. 16. The method of claim 15, wherein
the inter-channel amplitude spectrum is created as the
linear, log or norm difference or summation of the
input spectra. 17 . The method of claim 15, where the
number N of audiooutput channels is three. 18. The
method of claim 15, wherein the audio input channel
are transformed using a fast fourier transform (FFT) .
19. A channel extractor for extracting N audio output
channels from M<=N audio input channels, comprising:
means for transforming each of the M audio input
channels into respective input spectra; means for
creating at least one inter-channel amplitude spectra
from the input spectra for respective pairs of M
.audio input channels; means for mapping each spectral
line of the interchannel amplitude spectra into one of
N outputs; and means for combining data from the M
input channels according to the spectral mappings to
form the IsI audio output channels . 20. The channel
extractor of claim 19, wherein the means for combining
data comprises, means for combining the input spectra
of the M input channels for each of the spectral lines
mapped to each of the outputs; and means for inverse
transforming each of the combined spectra to form the
ISl audio output channels 21. The channel extractor of
claim 19, wherein the means for combining data
comprises, means for constructing a filter for each of
the N outputs using the corresponding map; means for
passing each of the M input channels through the N
filters; and means for combining the filter outputs to
form Noutput channel frames. 


