
PHENYL ACETIC ACID DERIVATIVES AS
INFLAMMATIONMODULATORS BACKGROUND OF THE INVENTION
G-protein coupled receptors play important roles in
diverse signaling processes, including those involved
in host defense mechanisms. Immune responses to
infectious diseases, injury, tumors and organ
transplantation and in diseases and conditions such as
asthma, allergy, rheumatoid arthritis and neoplasia
have been linked to GPCR regulation. Exaggerated or
misdirected immune responses are responsible for many
inflammatory and hypersensitivity diseases which, left
untreated, can result in tissue or organ damage, pain
and/or loss of function. Tissue inflammation is
largely implicated in the pathogenesis of such
diseases, of which asthma and allergic diseases are
among the most well characterized. The mechanisms
underlying airway inflammation and hyperreactivity are
similar to those underlying allergic inflammation in
other tissues, such as the skin and gut.
Prostaglandins are lipid-derived inflammatory
mediators that recruit macrophages, T cells,
eosinophils, basophils and neutrophils from peripheral
blood to damaged or inflamed tissues. In addition,
prostaglandins can, depending on the target cell type,
induce or inhibit intracellular Ca2+ mobilization,
cAMP production, platelet aggregation, leukocyte
aggregation, T cell proliferation, lymphocyte
migration, and Th2 cell chemotaxis, IL-Ia and IL-2
secretion and vascular and non-vascular smooth muscle
contraction in responsive cells. Prostaglandins have
been implicated in fever, various allergic diseases,
vascular and non-vascular smooth muscle relaxation,
pain perception, sleep, platelet aggregation and
reproductive processes. Prostaglandins exert their
effects by interacting with specific GPCRs.
Prostaglandin D2 (PGD2) is the major inflammatory
mediator released by activated mast cells, typically
found near skin surfaces, mucous membranes and blood
vessels, upon immunological challenge (Lewis t al.
(1982) J. Immunol. 129:1627-1631). During asthma and
allergic responses, PGD is released in large amounts.
The role OfPGD2 in the initiation and maintenance of
allergic inflammation has been well established in
mouse models of asthma. For example, it has been
demonstrated that overproduction of PGD2 in vivo by
PGD2 synthase exacerbates airway inflammation in a
mouse model of asthma (Fujitani et al. (2002) J.
Immunol. 168:443-449). A PGD2-selective receptor,
designated DP, has been identified (Power et al.
(1995) J. Biol. Chem. 270:19495-19500). In humans, DP
is expressed in smooth muscle, platelets, small
intestine and brain, and its expression in lung
epithelium is induced by allergic challenge. Receptor
activation induces cAMP production and intracellular
Ca2+ mobilization, and isbelieved to inhibit platelet
aggregation and cell migration and induce relaxation
of various smooth muscles. DP is coupled primarily to
Gas protein. Significantly, in an OVA induced asthma
model, DP 7 mice exhibited reduced asthma symptoms,
e.g., reduced cellular infiltration of eosinophils and
lymphocytes in BAL fluid, reduced Th2 cytokine levels
in BAL fluid and reduced airway hyperreactivity to
acetylcholine (Matsuoka et al. (2002) Science
287:2013-2019). The increased cellular infiltration in
lung tissue and mucus secretion by airway epithelial
cells characteristic of asthma in humans and observed
in wild-type mice was not observed in DP-deficient
mice. Recently, an additional PGD2-selective receptor,
designated chemoattractant receptorhomologous molecule
expressed on Th2 cells, or CRTH2, has been identified
(Hirai et al. (200L >J. Exp. Med. 193(2):255-261). The
receptor was previously referred to as GPR44 or DLlR.
Among peripheral blood T lymphocytes, human CRTH2 is
selectively expressed on Th2 cells, and is highly
expressed on cell types associated with allergic
inflammation such as eosinophils, basophils and Th2
cells. It has been shown that CRTH2 activation induces
intracellular Ca2+ mobilization and infiltration of
Th2 cells, eosinophils and basophils. Protein sequence
analysis indicates that CRTH2 has no significant
homology to DP, but rather, is related to members of
the N-formyl peptide receptor (FPR) subfamily (Nagata
et al. (1999) J. Immunol. 162:1278-1286). In contrast
to DP, CRTH2 has been shown to couple primarily to Gai
protein. These observations suggest that CRTH2 and DP
may function independently to regulate aspects of
allergic inflammation. The increasing incidence of
asthma, allergic diseases and immunologic diseases
worldwide underscores the need for new therapies to
effectively treat or prevent these diseases. The
discovery of small molecules that modulate CRTH2
and/or one or more other PGD2 receptors is useful for
the study of physiological processes mediated by CRTH2
and/or one or more other PGD2 receptors and the
development of therapeutic agents for asthma, allergic
diseases and other immunologic diseases. Novel
compounds which display such desirable activity are
described herein. . WO 04/058164 discloses certain
arylsulfonamide substituted carboxylic acid compounds
as asthma and allergic inflammation modulators. From
the class of compounds disclosed in WO 04/058164, AMG
009 was selected as the most preferred compound to
advance into clinical trials. The structure of AMG 009
is provided below.AMG 009 When tested in the sheep
airway response model, as described in Can J Physiol
Pharmacol 1995; 73:191, AMG 009 (1) inhibits
antigen-induced late airway response (LAR); (2) blocks
antigen-induced development of airway hyper-reactivity
(AHR) to carbachol; and (3) blocked allergen-induced
recruitment of inflammatory cells to the lung (BAL)
(see Figures 1, 2 and 3 respectively). The development
of AMG 009 was suspended after unanticipated increases
in hepatic ALT/AST levels were observed in healthy
volunteers that had received AMG 009. Changes in
hepatic function were not anticipated from preclinical
safety studies with AMG 009. In vitro metabolism
studies revealed that AMG 009 can be metabolically
activated to chemicallyreactive intermediates capable
of forming covalent adducts with proteins. The
propensity of AMG 009 metabolism to generate reactive
metabolites was conducted in studies to evaluate in
vitro covalent binding to protein by standardized
methods (Day, et al., J. Pharmacol. Toxicol. Methods.,
52, 278-285 (2005)). These studies showed that
[14C]AMG 009 radioactive equivalents were bound
covalently to protein following incubations with rat
and human liver microsomes in the presence of NADPH
cofactor at a level of ~50 pmol equivalent/mg protein.
The covalent binding of [14C]AMG 009 to protein in
microsomes was in the same range as a target cutoff
for acceptable covalent binding in microsomes (50 pmol
equivalents/mg protein) as reported in the literature
(Evans, et al. Chem. Res. Toxicol., 17, 3-16 (2004)).
The target covalent binding number of 50 pmol
equivalents of the drug residue per mg of protein is a
target covalent binding value, but is not a threshold.
The number of 50 pmol equivalents of the drug
residue/mg of protein was not arbitrarily-derived, but
came from a thorough literature search of the levels
of covalent binding to liver proteins in animals dosed
with known hepatotoxins, for example bromobenzene
(Monks, T. J . et al., (1982) Life Sci., 30, 841-848),
isoniazid (Nelson, S.D. et al, (1978) J. Pharmacol.
Exp. Ther., 206, 574-585), and acetaminophen
(Matthews, A.M. et al, (1997) Toxicol. Lett., 90,
77-82), under conditions where these drugs induced
hepatotoxicity (Evans, D.C. et al, (2004 Chem. Res.
Toxicol., 17, 3-16).When the values of covalent
binding to protein for these drugs were measured, the
levels were as high as 1000 to 2000 pmol
equivalents/mg liver protein. Therefore, the covalent
binding target adopted by Merck Research Laboratories
(Evans, D. C. et al, (2004) Chem. Res. Toxicol., 17,
3-16) is about 20-fold less than that caused by many
of these model hepatotoxic drugs. Many persons of
skill in the art currently view chemically-reactive
metabolites as an unwanted feature of any drug or drug
candidate (Baillie, T. A. (2007) Chem. Res. Toxicol.
2007 Dec 4 [Epub ahead of print]). Therefore, a goal
in drug discovery is to eliminate, or at least to
minimize, the metabolic activation liability of drug
candidates in that it might assist in leading to the
increased probability of safer drugs being
successfully developed (Baillie, T. A. et al, (200 1)
Adv. Exp. Med. Biol., 500, 45-5 1; Park, B. K., et al
(2005) Ann. Rev. Pharmacol. Toxicol, 45, 177-202;
Baillie, T. A. (2006) Chem. Res. Toxicol., 19,
889-893; Doss, G. A. and Baillie, T. A (2006).
DrugMetab. Rev., 38, 641-649; Kalgutkar, A. S. and
Soglia, J. R. (2005) Expert Opin. DrugMetab. Toxicol,
1, 91-142). The clinical dose of a pharmaceutical
compound is also an important factor, since there have
been very few drugs that have been removed from the
market for toxicological reasons when the daily dose
was less than 10 milligrams (Uetrecht, J. P. (1999)
Chem. Res. Toxicol, 12, 387-395). The compounds of the
current invention exhibit unexpectedly improved DP
potency, and additionally exhibit improved balance of
CRTH2 and DP potencies when compared to the closest
compounds disclosed in WO 04/058164, as well as when
compared to most preferred compound within that class,
AMG 009. This improvement would be expected to allow
for a lower clinical dose than that used for AMG 009.
Moreover, structural distinctions between the
compounds of the current invention and AMG 009 are
expected to block metabolism at the metabolic sites
found in AMG 009, which may further help to avoid the
covalent binding problems that were encountered with
AMG 009. SUMMARY OF THE INVENTION The invention
provides compounds, pharmaceutical compositions and
methods useful for treating or preventing conditions
and disorders associated with allergic inflammation
processes. In particular, the invention provides
compounds, pharmaceutical compositions and methods
useful for treating or preventing asthma, allergic
diseases, inflammatory conditions and cancer. The
current invention relates to compounds of the
following Formula Iand salts thereof wherein R1 is
alkyl or cycloalkyl; R2 is halo, alkyl, haloalkyl,
alkoxy, haloalkoxy or cycloalkyl; and X is chloro or
flouro. The invention also provides pharmaceutical
compositions comprising compounds of Formula I, active
metabolites or salts thereof together with a
pharmaceutically acceptable carrier, excipient or
diluent. The invention also provides methods for
treating or preventing asthma, allergic rhinitis,
COPD, eczema, psoriasis, atopic dermatitis, fever,
sepsis, systemic lupus erythematosus, diabetes,
rheumatoid arthritis, multiple sclerosis,
atherosclerosis, transplant rejection, inflammatory
bowel disease and cancer, comprising administering to
a subject in need thereof a therapeutically effective
amount of a compound of Formula I, active metabolites,
or salts thereof. The invention further provides
methods for treating or preventing a condition or
disorder responsive to modulation of CRTH2 and/or one
or more other PGD2 receptors, comprising administering
to a subject in need thereof a therapeutically
effective amount of a compound of Formula I, active
metabolites, or salts thereof. The invention also
provides methods for treating or preventing a
condition or disorder mediated by CRTH2 and/or one or
more other PGD2 receptors, comprising administering to
a subject in need thereof a therapeutically effective
amount of a compound of Formula I, active metabolites,
or salts thereof. The invention also provides methods
for modulating CRTH2 and/or one or more other 



PGD2 receptors, comprising contacting a cell with a
compound of Formula I, activemetabolites, or salts
thereof. The invention also provides for a method of
making compounds of Formula I, as well compounds made
by claimed processes. Other objects, features and
advantages of the invention will become apparent to
those skilled in the art from the following
description and claims. SUMMARY OF FIGURES Figure 1
illustrates data obtained demonstrating the efficacy
of AMG 009 (when dosed at 7.5 mg/kg single dose) in
the Sheep Airway Response Model of Asthma. Figure 2
illustrates data obtained demonstrating the efficacy
of AMG 009 (when dosed at 15 mg/kg single dose) in the
Sheep Airway Response Model of Asthma. Figure 3
illustrates data obtained demonstrating the efficacy
of AMG 009 (when dosed at 7.5 mg/kg multi-dose) in the
Sheep Airway Response Model of Asthma. Figure 4
illustrates further Sheep Model data demonstrating
that AMG 009 was effective in blocking the recruitment
of various inflammatory cells to the lungs of sheep.
Figure 5 illustrates Guinea Pig Model data showing
that Example Compound 14 provides a dose-dependant
response when the subject animals are pretreated with
aerosolized PGD2 at a doses as high as 0.625 mg/mL.
Figure 6 illustrates data comparing the efficacy of
AMG 009 and Example Compound 14 in the Guinea Pig
Model of airway constriction. Figure 7 illustrates
X-Ray Powder Diffraction data obtained for Example
Compound 14 Form I polymorph. Figure 8 illustrates
X-Ray Powder Diffraction data obtained for Example
Compound 14 Form II anhydrous polymorph. Figure 9
illustrates X-Ray Powder Diffraction data obtained for
Example Compound 14 Form IHpolymorph. Figure 10
illustrates X-Ray Powder Diffraction data obtained for
Example Compound 14 Form IV polymorph. Figure 11
illustrates X-Ray Powder Diffraction data obtained for
Example Compound 14 Form V polymorph. Figure 12
illustrates X-Ray Powder Diffraction data obtained for
Example Compound 14 Form VI polymorph. Figure 13
illustrates a DSC thermogram obtained for Example
Compound 14 Form I polymorph, which shows two thermal
transitions (an exothermic transition at around 183.41
0C and an endothermic transition at around 203.19 0C.
.Figure 14 illustrates a DSC thermogram obtained for
Example Compound 14 Form II anhydrous polymorph, which
shows a single thermal transition (an endothermic
transition at around 203.21 0C). Figure 15 illustrates
a DSC thermogram obtained for Example Compound 14 Form
III polymorph, which shows three thermal transitions
(an endothermic transition at about 142.1 1 0C, an
exothermic transition at around 174.05 0C and an
endothermic transition at around 202.35 0C). Figure 16
illustrates a DSC thermogram obtained for Example
Compound 14 Form FV polymorph, which shows two thermal
transitions (an endothermic transition at about 116.18
0C, and an endothermic transition at around 202.77
0C). Figure 17 illustrates a DSC thermogram obtained
for Example Compound 14 Form V polymorph, which shows
two thermal transitions (an endothermic transition at
about 131.45 0C, and an endothermic transition at
around 202.22 0C). Figure 18 illustrates a DSC
thermogram obtained for Example Compound 14 Form VI
polymorph, which shows two thermal transitions (an
endothermic transition at about 14 1.77 0C, and an
endothermic transition at around 202.07 0C). The sheep
and guinea pig models employed herein are disclosed in
publications such as Abraham, W.M., Sheep Models of
Allergic BronchoconstrictionK m Allergy and Allergic
Disease 2:1045 1977): Isenberg-Feig. H etal.. Animal
Models of Allergic Asthma (in Current Allergy and
Asthma Reports 2003, 3:70-78); Abraham, W.M., et al.Am
J Respir Crit Care Med vol. 159. pp. 1205-1214, 1999;
Abraham, W.M. et a Am J Respir Crit Care Med vol. 169.
pp. 97-104, 2004; and Jones, T.R. et al Can. J.
Phvsiol. Pharmacol. ! : 191-201 1995. DETAILED
DESCRIPTION OF THE INVENTION Abbreviations and
Definitions The abbreviations used herein are
conventional, unless otherwise defined. The terms
"treat", "treating" and "treatment", as used herein,
are meant to include alleviating or abrogating a
disease and/or its attendant symptoms a and
alleviating or eradicating the cause of the disease
itself. The terms "prevent", "preventing" and
"prevention", as used herein, refer to a method of
delaying or precluding the onset of a disease and/or
its attendant symptoms, barring a subject from
acquiring a disease or reducing a subject's risk of
acquiring a disease. The term "therapeutically
effective amount" refers to the amount of the
subjectcompound that will elicit the biological or
medical response of a tissue, system, animal or human
that is being sought by the researcher, veterinarian,
medical doctor or other clinician. The term
"therapeutically effective amount" includes that
amount of a compound that, when administered, is
sufficient to prevent development of, or alleviate to
some extent, one or more of the symptoms of the
condition or disorder being treated. The
therapeutically effective amount will vary depending
on the compound, the disease and its severity and the
age, weight, etc., of the mammal to be treated. The
"subject" is defined herein to include animals such as
mammals, including, but not limited to, primates
(e.g., humans), cows, sheep, goats, horses, dogs,
cats, rabbits, rats, mice and the like. In preferred
embodiments, the subject is a human. As used herein,
the term "CRTH2" refers to a CRTH2 protein or variant
thereof that is capable of mediating a cellular
response to PGD2 in vitro or in vivo. CRTH2 variants
include proteins substantially homologous to native
CRTH2, i.e., proteins having one or more naturally or
non-naturally occurring amino acid deletions,
insertions or substitutions (e.g., CRTH2 derivatives,
homologs and fragments). The amino acid sequence of
CRTH2 variant preferably is at least about 80%
identical to a native CRTH2, more preferably at least
about 90% identical, and most preferably at least
about 95% identical. As used herein, the terms "other
PGD2 receptor", "another PGD2 receptor" and the like
refer to a prostanoid receptor protein other than
CRTH2, or variant thereof, that is capable of
mediating a cellular response to PGD2 in vitro or in
vivo. Another PGD2 receptor may be selective for PGD2
(e.g., DP) or other one or more other prostanoids
(e.g., EP1, EP2, EP3 and EP4, FP, IP and TP). Other
PGD2 receptor variants include proteins substantially
homologous to a corresponding native prostanoid
receptor other than CRTH2, i.e., proteins having one
or more naturally or non-naturally occurring amino
acid deletions, insertions or substitutions (e.g.,
derivatives, homologs and fragments of another PGD2
receptor). The amino acid sequence of other PGD2
receptor variants preferably is at least about 80%
identical to the corresponding native other PGD2
receptors, more preferably at least about 90%
identical, and most preferably at least about 95%
identical. The terms "modulate", "modulation" and the
like refer to the ability of a compound to increase or
decrease the function and/or expression of CRTH2
and/or one or more other PGD2 receptors, where such
function may include transcription regulatory activity
and/or proteinbinding. Modulation may occur in vitro
or in vivo. Modulation, as described herein, includes
the inhibition, antagonism, partial antagonism,
activation, agonism or partial agonism of a function
or characteristic associated with CRTH2 and/or one or
more other PGD2 receptors, either directly or
indirectly, and/or the upregulation or downregulation
of the expression ofCRTH2 and/or one or more other
PGD2 receptors, either directly or indirectly. In a
preferred embodiment, the modulation is direct.
Inhibitors or antagonists are compounds that, e.g.,
bind to, partially or totally block stimulation,
decrease, prevent, inhibit, delay activation,
inactivate, desensitize, or downregulate signal
transduction. Activators or agonists are compounds
that, e.g., bind to, stimulate, increase, open,
activate, facilitate, enhance activation, activate,
sensitize or upregulate signal transduction. The
ability of a compound to inhibit the function of CRTH2
and/or one or more other PGD2 receptors can be
demonstrated in a biochemical assay, e.g., binding
assay, or a cell-based assay, e.g., a transient
transfection assay. The term "CRTH2-modulating amount"
refers to that amount of a compound that is needed to
produce a desired effect in any one of the cell-based
assays, biochemical assays or animal models described
herein. Typically, a CRTH2-modulating amount of a
compound will be at least that amount which exhibits
an EC5O in a reporter-gene cell-based assay (relative
to an untreated control). As used herein, the terms
"CRTH2-responsive condition or disorder", "condition
or disorder responsive to CRTH2" and related terms and
phrases refer to a condition or disorder associated
with inappropriate, e.g., less than or greater than
normal, CRTH2 activity and at least partially
responsive to or affected by CRTH2 modulation (e.g., a
CRTH2 antagonist or agonist results in some
improvement in patient well-being in at least some
patients). Inappropriate CRTH2 functional activity
might arise as the result of CRTH2 expression in cells
which normally do not express CRTH2, increased CRTH2
expression or degree of intracellular activation
(leading to, e.g., inflammatory and immune-related
disorders and diseases) or decreased CRTH2 expression.
A CRTH2-associated condition or disorder may include a
CRTH2-mediated condition or disorder. As used herein,
the phrases "CRTH2-mediated condition or disorder", "a
condition or disorder mediated by CRTH2" and related
phrases and terms refer to a condition or disorder
characterized by inappropriate, e.g., less than or
greater than normal, CRTH2 activity. Inappropriate
CRTH2 functional activity might arise as the result of
CRTH2 expression in cells which normally do not
express CRTH2, increased CRTH2 expression or degree of
intracellular activation (leading to, e.g.,
inflammatory and immune-related disorders and
diseases) or decreased CRTH2 expression. A
CRTH2-mediated condition or disorder may be completely
or partially mediated by inappropriate CRTH2
functional activity. However, a CRTH2-mediated
condition or disorder is one in which modulation of
CRTH2 results in some effect on the underlying
condition or disorder (e.g., an CRTH2 antagonist or
agonist results in some improvement in patient
well-being in at least some patients). The term "PGD2
receptor-modulating amount" and related terms and
phrases refers tothat amount of a compound that is
needed to produce a desired effect in any one of the
cellbased assays, biochemical assays or animal models
described herein. Typically, a PGD2
receptor-modulating amount of a compound will be at
least that amount which exhibits an EC50 in a
reporter-gene cell-based assay (relative to an
untreated control). As used herein, the term
"condition or disorder responsive to another PGD2
receptor" and related terms and phrases refer to a
condition or disorder associated with inappropriate,
e.g., less than or greater than normal, activity of
another PGD2 receptor and at least partially
responsive to or affected by modulation of another
PGD2 receptor (e.g., another PGD2 receptor antagonist
or agonist results in some improvement in patient
well-being in at least some patients). Inappropriate
functional activity of another PGD2 receptor might
arise as the result of expression of another PGD2
receptor in cells which normally do not express the
receptor, increased expression of another PGD2
receptor or degree of intracellular activation
(leading to, 



e.g., inflammatory and immune-related disorders and
diseases) or decreased expression of another PGD2
receptor. A condition or disorder associated with
another PGD2 receptor may include a condition or
disorder mediated by another PGD2 receptor. As used
herein, the phrase "condition or disorder mediated by
another PGD2 receptor" and related phrases and terms
refer to a condition or disorder characterized by
inappropriate, e.g., less than or greater than normal,
activity of another PGD2 receptor. Inappropriate
functional activity of another PGD2 receptor might
arise as the result of expression of another PGD2
receptor in cells which normally do not express the
receptor, increased expression of another PGD2
receptor or degree of intracellular activation
(leading to, e.g., inflammatory and immune-related
disorders and diseases) or decreased expression of
another PGD2 receptor. A CRTH2-mediated condition or
disorder may be completely or partially mediated by
inappropriate functional activity of another PGD2
receptor. However, a condition or disorder mediated by
of another PGD2 receptor is one in which modulation of
another PGD2 receptor results in some effect on the
underlying condition or disorder (e.g., another PGD2
receptor antagonist or agonist results in some
improvement in patient well-being in at least some
patients). The term "alkyl," by itself or as part of
another substituent, means, unless otherwise stated, a
straight or branched chain, or combination thereof,
which is fully saturated. Preferred alkyl groups have
1 to 8 carbon atoms (i.e. Ci-Cg). More preferred alkyl
groups have 1 to 6 carbon atoms (i.e. CpC 6). Examples
of alkyl groups include methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, homologs and the
like. The term "heteroalkyl" refers to alkyl groups
wherein one or more carbon atoms is substituted with a
heteroatom selected from nigrogen, oxygen or
sulfur.The terms "alkoxy," and "haloalkoxy" are used
in their conventional sense, and refer to those alkyl
groups, and haloalkyl groups, attached to the
remainder of the molecule via an oxygen atom. The term
"cycloalkyl" by itself or in combination with other
terms, represents, unless otherwise stated, cyclic
versions of "alkyl". Preferred cycloalkyl groups have
3 to 8 carbon atoms (i.e. C3-C8) . More preferred
alkyl groups have 3 to 6 carbon atoms (i.e. C3-C6).
Examples of cycloalkyl include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 1- cyclohexenyl,
3-cyclohexenyl, cycloheptyl, and the like. The terms
"halo" or "halogen," by themselves or as part of
another substituent, mean, unless otherwise stated, a
fluorine, chlorine, bromine, or iodine atom.
Additionally, terms such as "haloalkyl", are meant to
include alkyl substituted with halogen atoms which can
be the same or different, in a number ranging from one
to (2m'+l), where m' is the total number of carbon
atoms in the alkyl group. For example, the term
"halo(Ci-C 4)alkyl" is meant to include
trifiuoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl,
3-bromopropyl, and the like. Thus, the term
"haloalkyl" includes monohaloalkyl (alkyl substituted
with one halogen atom) and polyhaloalkyl (alkyl
substituted with halogen atoms in a number ranging
from two to (2m'+l) halogen atoms). The term
"perhaloalkyl" means, unless otherwise stated, alkyl
substituted with (2m'+l) halogen atoms, where m' is
the total number of carbon atoms in the alkyl group.
For example, the term "perhalo(Ci-C 4)alkyl", is meant
to include trifiuoromethyl, pentachloroethyl, 1,1,1
-trifluoro-2-bromo-2-chloroethyl, and the like. The
term "aryl" means, unless otherwise stated, a
polyunsaturated, typically aromatic, hydrocarbon
substituent which can be a single ring or multiple
rings (up to three rings) which are fused together or
linked covalently. The term "heteroaryl" refers to
aryl groups (or rings) that contain from one to four
heteroatoms selected from the group consisting of N, O
and S, wherein the nitrogen and sulfur atoms are
optionally oxidized, and the nitrogen atom(s) are
optionally quatemized. A heteroaryl group can be
attached to the remainder of the molecule through a
heteroatom. Non-limiting examples of aryl and
heteroaryl groups include phenyl, 1- naphthyl,
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
pyrazinyl, 2-oxazolyl, 4-oxazolyl,
2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl,
4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl,
5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3- thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl,
4-pyrimidyl, 2-pyrimidinyl, 4- pyrimidinyl, 5-
pyrimidinyl, 3-pyridazinyl, 4- pyridazinyl,
5-benzothiazolyl, purinyl, 2- benzimidazolyl,
5-indolyl, lH-indazole, carbazole, a-carboline,
b-carboline, g-carboline, 1- isoquinolyl,
5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl,
2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl,
6-quinolyl, 7-quinolyl and 8-quinolyl.Preferably, the
term "aryl" refers to a phenyl or naphthyl group which
is unsubstituted or substituted. Preferably, the term
"heteroaryl" refers to a pyrrolyl, pyrazolyl,
imidazolyl, pyrazinyl, oxazolyl, isoxazolyl,
thiazolyl, furyl, thienyl, pyridyl, pyrimidyl,
benzothiazolyl, purinyl, benzimidazolyl, indolyl,
isoquinolyl, quinoxalinyl, quinoxalinyl, quinolyl or
quinolyl group which is unsubstituted or substituted.
For brevity, the term "aryl" when used in combination
with other terms (e.g., aryloxy, arylthioxy,
arylalkyl) includes both aryl and heteroaryl rings as
defined above. Thus, the term "arylalkyl" is meant to
include those radicals in which an aryl group is
attached to an alkyl group (e.g., benzyl, phenethyl,
pyridylmethyl and the like) including those alkyl
groups in which a carbon atom (e.g., a methylene
group) has been replaced by, for example, an oxygen
atom (e.g., phenoxymethyl, 2-pyridyloxymethyl,
3-(l-naphthyloxy)propyl, and the like). Each of the
above terms (e.g., "alkyl," "aryl" and "heteroaryl")
is meant to include both substituted and unsubstituted
forms of the indicated radical, unless otherwise
indicated. Preferred substituents for each type of
radical are provided below. Substituents for the alkyl
radicals (as well as those groups referred to as
alkylene, alkenyl, heteroalkylene, heteroalkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl
and heterocycloalkenyl) can be a variety of groups
selected from: -OR', =0, =NR', =N-0R', - NR'R", -SR',
halogen, -SiR'R"R"\ -OC(O)R', -C(O)R', -CO2R',
-CONR'R", -OC(O)NR R", -NR"C(0)R', -NR'-C(0)NR"R'",
-NR'-S0 2NR"R"', -NR"CO2R\ -NH-C(NH2)=NH, - NR'C(NH
2)=NH, -NH-C(NH2)=NR', -S(O)R', -SO2R', -SO2NR R",
-NR"S0 2R, -CN and - NO2, in a number ranging from
zero to three, with those groups having zero, one or
two substituents being particularly preferred. R', R"
and R'" each independently refer to hydrogen,
unsubstituted (Ci-Cg)alkyl and heteroalkyl,
unsubstituted aryl, aryl substituted with one to three
halogens, unsubstituted alkyl, alkoxy or thioalkoxy
groups, or aryl-(Ci-C4)alkyl groups. When R' and R"
are attached to the same nitrogen atom, they can be
combined with the nitrogen atom to form a 5-, 6- or
7-membered ring. For example, -NR'R" is meant to
include 1-pyrrolidinyl and 4-morpholinyl. Typically,
an alkyl or heteroalkyl group will have from zero to
three substituents, with those groups having two or
fewer substituents being preferred in the present
invention. More preferably, an alkyl or heteroalkyl
radical will be unsubstituted or monosubstituted. Most
preferably, an alkyl or heteroalkyl radical will be
unsubstituted. From the above discussion of
substituents, one of skill in the art will understand
that the term "alkyl" is meant to include groups such
as trihaloalkyl (e.g., -CF3 and -CH2CF3). Preferred
substituents for the alkyl radicals are selected from:
-OR', =O, -NR'R", -SR', halogen, -SiR'R"R'", -OC(O)R',
-C(O)R', -CO2R', -CONR'R", -OC(O)NR R", -NR"C(0)R\ -NR
CO2R', -NR'-S0 2NR"R"', -S(O)R5, -SO2R , -SO2NR5R",
-NR55SO2R, -CN and -NO2,where R' and R" are as defined
above. Further preferred substituents are selected
from: -OR', =0, -NR'R", halogen, -OC(O)R', -CO2R',
-CONR'R", -OC(O)NR'R", -NR"C(O)R', - NR"CO2R\
-NR'-SO2NR"R'", -SO2R', -SO2NR R", -NR"SO2R, -CN and
-NO2. Similarly, substituents for the aryl and
heteroaryl groups are varied and are selected from:
-halogen, -OR', -OC(O)R', -NR'R", -SR', -R', -CN,
-NO2, -CO2R', -CONR'R", -C(O)R', -OC(O)NR R", -NR
C(O)R5, -NR 5C(O)2R', -NR'-C(0)NR"R " , -NH-C(NH2)=NH,
- NR'C(NH 2)=NH, -NH-C(NH2)=NR\ -S(O)R', -S(O)2R',
-S(O)2NR'R", -N3, -CH(Ph)2, perfluoro(C r C4)alkoxy,
and perfluoro(Ci-C4)alkyl, in a number ranging from
zero to the total number of open valences on the
aromatic ring system; and where R', R" and R55 ' are
independently selected from hydrogen, (Ci-Cg)alkyl and
heteroalkyl, unsubstituted aryl and heteroaryl,
(unsubstituted aryl)-(Ci-C4)alkyl, and (unsubstituted
aryl)oxy-(Ci-C4)alkyl. Two of the substituents on
adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the
formula -T-C(0)-(CH 2)q-U-, wherein T and U are
independently -NH-, -O-, -CH2- or a single bond, and q
is an integer of from Oto 2. Alternatively, two of the
substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a
substituent of the formula -A-(CH2)r-B-, wherein A and
B are independently -CH2-, -O-, -NH-, -S-, -S(O)-,
-S(O)2-, -S(O)2NR'- or a single bond, and r is an
integer of from 1 to 3. One of the single bonds of the
new ring so formed may optionally be replaced with a
double bond. Alternatively, two of the substituents on
adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the
formula -(CH2)S-X- (CH2)r , where s and t are
independently integers of from Oto 3, and X is -O-,
-NR'-, -S-, - S(O)-, -S(O)2-, or -S(O)2NR'-. The
substituent R' in -NR'- and -S(O)2NR5- is selected
from hydrogen or unsubstituted (Ci-Ce)alkyl. As used
herein, the term "heteroatom" is meant to include
oxygen (O), nitrogen (N), sulfur (S) and silicon (Si).
The term "transition metal catalyst , as used herein,
comprises two components: a transition metal source,
and a ligand. The ligand can be either complexed
together with the transition metal source, or the
ligand can be independently introduced into the
reaction vessel with the transition metal souce. The
active form of the transition metal catalyst is not
well characterized. Therefore, it is contemplated that
the term "transition metal catalyst", as used herein,
shall include any catalytic transition metal and/or
catalyst precursor as it is introduced into the
reaction vessel and which is, if necessary, converted
in situ into the active form, as well as the active
form of the catalyst which participates in the
reaction. In general, any transition metal (i.e.,
selected from Groups 3-12 of the periodic table or
from the lanthanide series) may be used to form the
catalyst. However, in preferred embodiments, the metal
will be selectedfrom the group of late transition
metals, preferably from Groups 5-12, and more
preferably from Groups 7-11. Preferred transition
metals include platinum, palladium, iron, nickel,
ruthenium, rhodium and copper. More preferred
transition metals include nickel, palladium and
copper. Palladium is the most preferred transition
metal. Suitable transition metal catalyst include
soluble or insoluble complexes of platinum, palladium,
nickel and copper. Suitable complexes include, but are
not limited to, Pd/C, PdCl2, Pd(OAc)2, (CH3CN)2PdCl2,
Pd[P(C6H5) ]4, tris(dibenzylideneacetone)dipalladium
[Pd2(dba)3], bis(dibenzylideneacetone)palladium
[Pd(dba)2], allylpalladium(II) chloride [(g3-
C3Hs)2Pd2Cl2], Cl CuI, Ni(acac) 2, NiCl 2[P(C6Hs]2,
Ni(l,5-cyclooctadiene) 2, Ni(l,10-phenanthroline) 2,
Ni(dppf) 2, NiCl2(dppf), NiCl2(l-10-phenanthroline),
Raney nickel and the like, wherein "acac" represents
acetylacetonate. The term "ligand", as used herein,
includes chelating ligands, such as, by way of
example, alkyl and aryl derivatives of phosphines and
biphospines, amines, diamines, imines, arsines and
hybrids thereof, including hybrids of phophines with
amines. Weakly or nonnucleophilic stabilizing ions are
preferred to avoid undesired side reactions involving
the counterion. In preferred embodiments the ligand
includes one or more phosphine or aminophosphine
ligands. Phosphine ligands are commercially available
or can be prepared by methods known to those of skill
in the art. The phosphines can be monodentate
phosphine ligands (such as trimethylphosphine,
triethylphosphine, tripropylphosphine,
triisopropylphosphine, tributylphosphine,
tricyclohexylphoshpine, triphenylphosphine ("PCy3") 



, tri(o-tolyl)phosphine, trimethylphosphite,
triethylphosphite, tripropylphosphite,
triisopropylphosphite, tributylphosphite,
tricyclohexylphoshpite, triphenylphosphite,
tri(otolyl) phosphine,
4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene
("Xantphos"), t-butyl
2-di-tertbutylphosphino-2',4',6'-triisopropyl-l,l
'-biphenyl ("t-Bu-X-Phos"), and the like), or
bidentate phoshine ligands (such as
2,2'-bis(diphenylphosphino)-l ,1 '-binapthyl (BINAP),
1,2- bis(dimethylphosphino)ethane,
1,2-bis(diethylphosphino)ethane, 1,2-
bis(dipropylphosphino)ethane,
1,2-bis(diisopropylphosphino)ethane,
1,2-bis(dibutylphosphino)ethane,
1,2-bis(dicyclohexylphosphino)ethane, 1,3-
bis(dicyclohexylphosphino)propane,
1,3-bis(dicisopropylphosphino)propane, 1,4-
bis(diisopropylphosphino)butane,
2,4-bis(dicyclohexylphosphino)pentate, and the like),
or ligands such as those disclosed in Organic Letters
2000, Vol. 2, No. 8, pp.l 101-1 104, and in Journal of
the American Chemical Society 2002, Vol. 124, pp.
6043-6048, or similar analogues within the knowledge
of persons skilled in the art of chemical synthesis.
Preferred ligands include Xanthpos, PCy3 t-Bu-X-Phos,
and the like.Suitable ligands may further include
heteroaryl phosphines such as
2-(di-tertbutylphosphino)- l -(2-methoxyphenyl)-l
H-indole, 2-(di-tert-butylphosphino)-l -(2-
methoxyphenyl)-lH-pyrrole,
l-(2-methoxyphenyl)-2-methyl-lH-pyrrole,
5-(di-tertbutylphosphino)-
l-(l,3,5-triphenyl-lH-pyrazol-4-yl)-lH-pyrazole, and
similar analogues. The term "base" as used herein
includes fluorides, amines, hydroxides, carbonates,
phosphates, alkoxides, metal amides and carbanions.
Preferred bases include carbonates (especially cesium
carbonate) and phosphates (especially potassium
phosphate). The term "acid" as used herein refers to
compounds which are hydrogen donors, such as acetic
acid, hydrochloric acid, hydrogen fluoride, sulfuric
acid, nitric acid, trifilic acid, trifluoroacetic acid
("TFA"), and the like. The term "reductant" is
intended to encompass compounds that have reduction
potential to cleave C-O bond and deliver H2. The term
reductant includes borane, hydrogen boride,
organosilanes, organogermanes, organostannanes,
phosphites, hypophosphite, sulfites, thiosulfate,
bisulfite, hydrosulfite, formats. The term is intended
to electrochemical reduction. The term "metal iodide
salt" is intended to refer to a salt comprising a
stoichiometric combination of iodo anion (I 1) and
metal cation, where the metal is selected from either
the Alkaline or Alkaline Earth family. Preferred metal
iodide salts include sodium iodide. "Elevated
Temperature" refers to temperatures above 250C. "Inert
atmosphere" refers to reaction conditions conducted
under nitrogen which is supplied to the reaction
container under positive pressure. References to data
obtained using "DSC" or "Differential Scanning
Calorimetry" refer to DSC measurements obtained using
a heating rate of 100C per minute under standard
conditions deemed generally acceptable by those of
ordinary skill in the art. A "thermal transition"
observed in DSC experiments includes both endothermic
transitions and exothermic transitions. References to
"2-theta" values obtained from Powder X-Ray
Diffraction spectroscopy, refer to values obtained
when using Copper Ka radiation as the radiation
source, under conditions deemed generally acceptable
to those of skill in the art. The term "about" when
used in conjunction with "0C" is intended to provide a
margin of error of + 0.25. The term "about" when used
in conjunction with 2-theta values in powder X-Ray
diffraction patterns is intended to provide a margin
of error of +0. 1. The term "pharmaceutically
acceptable salts" is meant to include salts of the
active compounds which are prepared with relatively
nontoxic acids or bases, depending on the particular
substituents found on the compounds described herein.
When compounds of the invention contain relatively
acidic functionalities, base addition salts can be
obtained bycontacting the neutral form of such
compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable base addition
salts include sodium, potassium, calcium, ammonium,
organic amino, or magnesium salt, or a similar salt.
When compounds of the invention contain relatively
basic functionalities, acid addition salts can be
obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired
acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition
salts include those derived from inorganic acids like
hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts
derived from relatively nontoxic organic acids like
acetic, propionic, isobutyric, maleic, malonic,
benzoic, succinic, suberic, fumaric, mandelic,
phthalic, benzenesulfonic, p-tolylsulfonic, citric,
tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or
galacturonic acids and the like (see, for example,
Berge et al. (1977) J. Pharm. Sci. 66:1-19). Certain
specific compounds ofthe invention contain both basic
and acidic functionalities that allow the compounds to
be converted into either base or acid addition salts.
The neutral forms ofthe compounds may be regenerated
by contacting the salt with a base or acid and
isolating the parent compound in the conventional
manner. The parent form of the compound differs from
the various salt forms in certain physical properties,
such as solubility in polar solvents, but otherwise
the salts are equivalent to the parent form ofthe
compound for the purposes ofthe invention. In addition
to salt forms, the invention provides compounds which
are in a prodrug form. Prodrugs ofthe compounds
described herein are those compounds that readily
undergo chemical changes under physiological
conditions to provide the compounds ofthe invention.
Additionally, prodrugs can be converted to the
compounds ofthe invention by chemical or biochemical
methods in an ex vivo environment. For example,
prodrugs can be slowly converted to the compounds
ofthe invention when placed in a transdermal patch
reservoir with a suitable enzyme or chemical reagent.
Prodrugs are often useful because, in some situations,
they may be easier to administer than the parent drug.
They may, for instance, be bioavailable by oral
administration whereas the parent drug is not. The
prodrug may also have improved solubility in
pharmaceutical compositions over the parent drug. A
wide variety of prodrug derivatives are known in the
art, such as those that rely on hydrolytic cleavage or
oxidative activation ofthe prodrug. An example,
without limitation, of a prodrug would be a compound
ofthe invention which is administered as an ester (the
"prodrug"), but then is metabolicallyhydrolyzed to the
carboxylic acid, the active entity. Additional
examples include peptidyl derivatives of a compound of
the invention. Certain compounds of the invention can
exist in unsolvated forms as well as solvated forms,
including hydrated forms. In general, the solvated
forms are equivalent to unsolvated forms and are
intended to be encompassed within the scope of the
invention. Certain compounds of the invention may
exist in multiple crystalline or amorphous forms. In
general, all physical forms are equivalent for the
uses contemplated by the invention and are intended to
be within the scope of the invention. Certain
compounds of the invention possess asymmetric carbon
atoms (optical centers) or double bonds; the
racemates, enantiomers, diastereomers, geometric
isomers and individual isomers are all intended to be
encompassed within the scope of the invention. These
isomers can be resolved or asymmetrically synthesized
using conventional methods to render the isomers
"optically pure", i.e., substantially free of its
other isomers. The compounds of the invention may also
contain unnatural proportions of atomic isotopes at
one or more of the atoms that constitute such
compounds. For example, the compounds may be
radiolabeled with radioactive isotopes, such as for
example tritium (3H), iodine-125 (125I) or carbon-14
(14C). Radiolabled compounds are useful as therapeutic
or prophylactic agents, e.g., cancer therapeutic
agents, research reagents, e.g., CRTH2 assay reagents,
and diagnostic agents, e.g., in vivo imaging agents.
All isotopic variations of the compounds of the
invention, whether radioactive or not, are intended to
be encompassed within the scope of the invention.
Embodiments of the Invention A class of compounds that
modulate CRTH2 and/or one or more other PGD2 receptors
has been discovered. Depending on the biological
environment (e.g., cell type, pathological condition
of the host, etc.), these compounds can activate or
inhibit the actions of CRTH2 and/or one or more other
PGD2 receptors (e.g., ligand binding). By activating
or inhibiting CRTH2 and/or one or more other PGD2
receptors, the compounds will find use as therapeutic
agents capable of modulating diseases and conditions
responsive to modulation of CRTH2 and/or one or more
other PGD2 receptors and/or mediated by CRTH2 and/or
one or more other PGD2 receptors. As noted above,
examples of such diseases and conditions include
asthma, allergic rhinitis, eczema, psoriasis, atopic
dermatitis, fever, sepsis, systemic lupus
erythematosus, diabetes, rheumatoid arthritis,
multiple sclerosis, atherosclerosis, transplant
rejection, inflammatory bowel disease and cancer.
Additionally, the compounds are useful for the
treatment and/or prevention of complications of these
diseases and disorders (e.g. ,cardiovascular disease).
While the compounds of the invention are believed to
exert their effects by interacting with CRTH2, the
mechanism of action by which the compounds act is not
a limiting embodiment of the invention. For example,
compounds of the invention may interact with PGD2
receptor subtypes other than CRTH2, e.g., DP receptor,
and/or other prostanoid receptors, e.g., thromboxane
A2 (TXA2) receptor. Indeed, as alluded to above, the
present invention specifically contemplates the use of
the disclosed compounds to modulate one or more PGD2
receptors other than CRTH2. Compounds contemplated by
the invention include, but are not limited to, the
exemplary compounds provided herein. Compounds In one
aspect, the invention provides compounds of formula
(I): and salts thereof wherein R1 is alkyl or
cycloalkyl; R2 is halo, alkyl, haloalkyl, alkoxy,
haloalkoxy or cycloalkyl; and X is chloro or flouro.
Preferred compounds within the scope of Formula I
include compounds where X is chloro. Preferred
compounds within the scope of Formula I further
include compounds where R1 is alkyl, (Ci-C5 alkyl more
preferred) (t-butyl most preferred).Preferred
compounds within the scope of Formula I further
include compounds where R2 is cycloalkyl, (C3-C5
cycloalkyl more preferred) (cyclopropyl especially
preferred). Preferred compounds within the scope of
Formula I include the following compounds:and salts
thereof. Preparation of the Compounds Synthetic routes
to the compounds provided herein are described in the
Examples. One of skill in the art will understand that
the synthetic routes can be modified to use different
starting materials and/or alternate reagents to
accomplish the desired transformations..Additionally,
one of skill in the art will recognize that protecting
groups may be necessary for the preparation of certain
compounds and will be aware of those conditions
compatible with a selected protecting group.
Accordingly, the methods and reagents described herein
are all expressed as non-limiting embodiments. 



The present invention includes A process for
manufacturing a compound of Formula II wherein R, 1'
is t-butyl; R2 is alkyl, haloalkyl, alkoxy, haloalkoxy
or cycloalkyl (where preferred R2 groups are the same
as those listed for R2 groups in Formula I); and X is
chloro or flouro; comprising the step of contacting a
compound of Formula A where R3 is chloro, bromo, iodo,
-OS(O)2alkyl or -OS(O) 2aryl; with a compound of
formula BB in the presence of a) a transition metal
catalyst; and b) a base; and to form a compound of
Formula C The present invention further includes a
process wherein the compound of Formula C is further
contacted with a compound of Formula D
R'-O-C(=O)-alkyl D in the presence of an acid to form
a compound of Formula Ewherein the compound of Formula
E is subsequently hydrolyzed to form a compound of
Formula II. The present invention further includes a
process wherein the compound of Formula A is prepared
by contacting a compound of Formula F with a compound
of Formula G where R4 is halogen or OTs; in the
presence of a base. The present invention further
includes a process wherein the compound of Formula B
is prepared by a process comprising the step of
contacting a compound of Formula HH with a compound
selected from R2-BY, and R2-M-X1 where Y is -(OR)2,
-F3 , or R 2; R is independently H, alkyl, aryl or
arylalkyl; or the two R groups may combine to form
pinacol or catechol; R' is alkyl, or the two R' groups
may combine to form 9-Borabicyclononane (9-BBN); M is
Zn or Mg; and X1 is Cl, Br or I; in the presence of a
a) a transition metal catalyst; and b) a base; to form
a compound of Formula J Suitable examples of R2-BY and
R2-M-X include R2ZnCl, R2ZnBr, R2ZnI, R2MgCl, R2MgBr,
R2MgI, R2B(OH)2, R2B(pinacol), R2B(catechol),
R2B(OiPr)2, R2BF3K, and R2-9-BBN). The present
invention further includes a process wherein the
compound of Formula F is prepared by a process
comprising contacting a compound of Formula KK where
R5 is CN, -C(=O)OH or -C(=O)O-alkyl with either (1)
aqueous hydrogen iodide or a metal iodide salt in the
presence of a strong acid; or (2) a reductant in the
presence of an acid. Preferred reaction conditions
include the use of elevated temperatures and inert
atmosphere. Intermediates The present invention
further includes novel intermediates of Formula C
useful for making a compound of Formula II
Compositions In another aspect, the invention provides
pharmaceutical compositions suitable for
pharmaceutical use comprising one or more compounds of
the invention and a pharmaceutically acceptable
carrier, excipient or diluent.The term "composition"
as used herein is intended to encompass a product
comprising the specified ingredients (and in the
specified amounts, if indicated), as well as any
product which results, directly or indirectly, from
combination of the specified ingredients in the
specified amounts. By "pharmaceutically acceptable" it
is meant that the carrier or excipient is compatible
with the other ingredients of the formulation and not
deleterious to the recipient thereof. Formulation may
improve one or more pharmacokinetic properties (e.g.,
oral bioavailabilty, membrane permeability) of a
compound of the invention (herein referred to as the
active ingredient). The pharmaceutical compositions
for the administration of the compounds of this
invention may conveniently be presented in unit dosage
form and may be prepared by any of the methods well
known in the art. All methods include the step of
bringing the active ingredient into association with
the carrier which constitutes one or more accessory
ingredients. In general, the pharmaceutical
compositions are prepared by uniformly and intimately
bringing the active ingredient into association with a
liquid carrier or a finely divided solid carrier or
both, and then, if necessary, shaping the product into
the desired formulation. In the pharmaceutical
composition the active object compound is included in
an amount sufficient to produce the desired effect
upon the process or condition of diseases. The
pharmaceutical compositions containing the active
ingredient may be in a form suitable for oral use, for
example, as tablets, troches, lozenges, aqueous or
oily suspensions, dispersible powders or granules,
emulsions, hard or soft capsules, or syrups or
elixirs. Compositions intended for oral use may be
prepared according to any method known to the art for
the manufacture of pharmaceutical compositions. Such
compositions may contain one or more agents selected
from sweetening agents, flavoring agents, coloring
agents and preserving agents in order to provide
pharmaceutically elegant and palatable preparations.
Tablets contain the active ingredient in admixture
with other non-toxic pharmaceutically acceptable
excipients which are suitable for the manufacture of
tablets. These excipients may be, for example, inert
diluents, such as calcium carbonate, sodium carbonate,
lactose, calcium phosphate or sodium phosphate;
granulating and disintegrating agents, for example,
corn starch, or alginic acid; binding agents, for
example starch, gelatin or acacia, and lubricating
agents, for example magnesium stearate, stearic acid
or talc. The tablets may be uncoated or they may be
coated by known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby
provide a sustained action over a longer period. For
example, a time delay material such as glyceryl
monostearate or glyceryl distearate may be employed.
They may also be coated by the techniques described in
U.S. Patent Nos. 4,256,108; 4,166,452 and 4,265,874
toform osmotic therapeutic tablets for control
release. Formulations for oral use may also be
presented as hard gelatin capsules wherein the active
ingredient is mixed with an inert solid diluent, for
example, calcium carbonate, calcium phosphate or
kaolin, or as soft gelatin capsules wherein the active
ingredient is mixed with water or an oil medium, for
example peanut oil, liquid paraffin, or olive oil.
Aqueous suspensions contain the active materials in
admixture with excipients suitable for the manufacture
of aqueous suspensions. Such excipients are suspending
agents, for example sodium carboxymethylcellulose,
methylcellulose, hydroxy-propylmethylcellulose, sodium
alginate, polyvinyl-pyrrolidone, gum tragacanth and
gum acacia; dispersing or wetting agents may be a
naturally-occurring phosphatide, for example lecithin,
or condensation products of an alkylene oxide with
fatty acids, for example polyoxy-ethylene stearate, or
condensation products of ethylene oxide with long
chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous 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. Oily
suspensions may be formulated by suspending the active
ingredient in a vegetable oil, 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, for
example beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set forth above, and
flavoring agents may be added to provide a palatable
oral preparation. These compositions may be preserved
by the addition of an anti-oxidant such as ascorbic
acid. Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition
of water provide the active ingredient in admixture
with a dispersing or wetting agent, 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 sweetening, flavoring and
coloring agents, may also be present. The
pharmaceutical compositions of the invention may also
be in the form of oil-inwater emulsions. The oily
phase may be a vegetable oil, for example olive oil or
arachis oil, or a mineral oil, for example liquid
paraffin or mixtures of these. Suitable emulsifying
agents may be naturally-occurring gums, for example
gum acacia or gum tragacanth, naturally-occurring
phosphatides, for example soy bean, lecithin, and
esters or partial esters derived from fattyacids and
hexitol anhydrides, for example sorbitan monooleate,
and condensation products of the said partial esters
with ethylene oxide, for example polyoxyethylene
sorbitan monooleate. The emulsions may also contain
sweetening and flavoring agents. Syrups and elixirs
may be formulated with sweetening agents, for example
glycerol, propylene glycol, sorbitol or sucrose. Such
formulations may also contain a demulcent, a
preservative and flavoring and coloring agents. The
pharmaceutical compositions may be in the form of a
sterile injectable aqueous or oleagenous suspension.
This suspension may be formulated according to the
known art using those suitable dispersing or wetting
agents and suspending agents which have been mentioned
above. The sterile injectable preparation may also be
a sterile injectable solution or suspension in a
non-toxic parenterally-acceptable diluent or solvent,
for example as a solution in 1,3- butane diol. Among
the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic
sodium chloride solution. In addition, sterile, fixed
oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed
oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic
acid find use in the preparation of injectables. The
pharmaceutical compositions 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-irritating
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 cocoa butter and polyethylene glycols. For topical
use, creams, ointments, jellies, solutions or
suspensions, etc., containing the 



compounds of the invention are employed. As used
herein, topical application is also meant to include
the use of mouthwashes and gargles. The pharmaceutical
compositions and methods of the invention may further
comprise other therapeutically active compounds, as
noted herein, useful in the treatment of asthma,
allergic diseases, inflammatory conditions and cancer
and pathologies associated therewith {e.g.,
cardiovascular disease) or other adjuvant. In many
instances, compositions which include a compounds of
the invention and an alternative agent have additive
or synergistic effects when administered. Methods of
Use In yet another aspect, the invention provides
methods of treating or preventing a disease or
condition associated with CRTH2 and/or one or more
other PGD2 receptors by administering to a subject
having such a condition or disease, a therapeutically
effectiveamount of a compound or composition of the
invention. In one group of embodiments, diseases and
conditions, including chronic diseases of humans or
other species, can be treated with modulators, or
antagonists, of CRTH2 and/or one or more other PGD2
receptors. These diseases and conditions include (1)
inflammatory or allergic diseases such as systemic
anaphylaxis and hypersensitivity disorders, COPD,
atopic dermatitis, urticaria, drug allergies, insect
sting allergies, food allergies (including celiac
disease and the like) and mastocytosis, (2)
inflammatory bowel diseases such as Crohn's disease,
ulcerative colitis, ileitis and enteritis, (3)
vasculitis, Behcet's syndrome, (4) psoriasis and
inflammatory dermatoses such as dermatitis, eczema,
atopic dermatitis, allergic contact dermatitis,
urticaria, viral cutaneous pathologies such as those
derived from human papillomavirus, HTV or RLV
infection, bacterial, fungal and other parasital
cutaneous pathologies, and cutaneous lupus
erythematosus, (5) asthma and respiratory allergic
diseases such as allergic asthma, allergic rhinitis,
otitis media, allergic conjunctivitis,
hypersensitivity lung diseases, chronic obstructive
pulmonary disease and the like, (6) autoimmune
diseases, such as arthritis (including rheumatoid and
psoriatic), systemic lupus erythematosus, type I
diabetes, myasthenia gravis, multiple sclerosis,
Graves' disease, glomerulonephritis and the like, (7)
graft rejection (including allograft rejection and
graft-vhost disease), e.g., skin graft rejection,
solid organ transplant rejection, bone marrow
transplant rejection, (8) fever, (9) cardiovascular
disorders such as acute heart failure, hypotension,
hypertension, angina pectoris, myocardial infarction,
cardiomyopathy, congestive heart failure,
atherosclerosis, coronary artery disease, restenosis
and vascular stenosis, (10) cerebrovascular disorders
such as traumatic brain injury, stroke, ischemic
reperfusion injury and aneurysm, (11) cancers of the
breast, skin, prostate, cervix, uterus, ovary, testes,
bladder, lung, liver, larynx, oral cavity, colon and
gastrointestinal tract (e.g., esophagus, stomach,
pancreas), brain, thyroid, blood and lymphatic system,
(12) fibrosis, connective tissue disease and
sarcoidosis, (13) genital and reproductive conditions
such as erectile dysfunction, (14) gastrointestinal
disorders such as gastritis, ulcers, nausea,
pancreatitis and vomiting; (15) neurologic disorders,
such as Alzheimer's disease, (16) sleep disorders such
as insomnia, narcolepsy, sleep apnea syndrome and
Pickwick Syndrome, (17) pain, (18) renal disorders,
(19) ocular disorders such as glaucoma, and (20)
infectious diseases such as HTV. In yet another
aspect, the invention provides methods of treating or
preventing a disease or disorder responsive to
modulation of CRTH2 and/or one or more other PGD2
receptors comprising administering to a subject having
such a disease or disorder, a therapeutically
effective amount of one or more of the subject
compounds or compositions. In yet another aspect, the
invention provides methods of treating or preventing a
disease or disorder mediated by CRTH2 and/or one or
more other PGD2 receptors comprisingadministering to a
subject having such a condition or disease, a
therapeutically effective amount of one or more of the
subject compounds or compositions. In yet another
aspect, the invention provides methods of modulating
CRTH2 and/or one or more other PGD2 receptors
comprising contacting a cell with one or more of the
subject compounds or compositions. Depending on the
disease to be treated and the subject's condition, the
compounds of the invention may be administered by
oral, parenteral (e.g., intramuscular,
intraperitoneal, intravenous, ICV, intracisternal
injection or infusion, subcutaneous injection or
implant), inhalation, nasal, vaginal, rectal,
sublingual, or topical (e.g., transdermal, local)
routes of administration and may be formulated, alone
or together, in suitable dosage unit formulations
containing conventional non-toxic pharmaceutically
acceptable carriers, adjuvants and vehicles
appropriate for each route of administration. The
invention also contemplates administration of the
compounds of the invention in a depot formulation, in
which the active ingredient is released over a defined
time period. In the treatment or prevention of asthma,
COPD, allergic rhinitis, eczema, psoriasis, atopic
dermatitis, fever, sepsis, systemic lupus
erythematosus, diabetes, rheumatoid arthritis,
multiple sclerosis, atherosclerosis, transplant
rejection, inflammatory bowel disease, cancer or other
conditions or disorders associated with CRTH2 and/or
one or more other PGD2 receptors, an appropriate
dosage level will generally be about 0.001 to 100 mg
per kg patient body weight per day which can be
administered in single or multiple doses. Preferably,
the dosage level will be about 0.01 to about 25 mg/kg
per day; more preferably about 0.05 to about 10 mg/kg
per day. A suitable dosage level may be about 0.01 to
25 mg/kg per day, about 0.05 to 10 mg/kg per day, or
about 0.1 to 5 mg/kg per day. Within this range the
dosage may be 0.005 to 0.05, 0.05 to 0.5 or 0.5 to 5.0
mg/kg per day. For oral administration, the
compositions are preferably provided in the form of
tablets containing 1.0 to 1000 milligrams of the
active ingredient, particularly 1.0, 5.0, 10.0, 15.0.
20.0, 25.0, 50.0, 75.0, 100.0, 150.0, 200.0, 250.0,
300.0, 400.0, 500.0, 600.0, 750.0, 800.0, 900.0, and
1000.0 milligrams of the active ingredient for the
symptomatic adjustment of the dosage to the patient to
be treated. The compounds may be administered on a
regimen of 1 to 4 times per day, preferably once or
twice per day. It will be understood, however, that
the specific dose level and frequency of dosage for
any particular patient may be varied and will depend
upon a variety of factors including the activity of
the specific compound employed, the metabolic
stability and length of action of that compound, the
age, body weight, general health, sex, diet, mode and
time of administration, rate of excretion, drug
combination, the severity of the particular condition,
and the host undergoing therapy.The compounds of the
invention can be combined or used in combination with
other agents useful in the treatment, prevention,
suppression or amelioration of the diseases or
conditions for which compounds of the invention are
useful, including asthma, allergic rhinitis, eczema,
psoriasis, atopic dermatitis, fever, sepsis, systemic
lupus erythematosus, diabetes, rheumatoid arthritis,
multiple sclerosis, atherosclerosis, transplant
rejection, inflammatory bowel disease, cancer and
those pathologies noted above. Such other agents, or
drugs, may be administered, by a route and in an
amount commonly used therefor, simultaneously or
sequentially with a compound of the invention. When a
compound of the invention is used contemporaneously
with one or more other drugs, a pharmaceutical
composition containing such other drugs in addition to
the compound of the invention is preferred.
Accordingly, the pharmaceutical compositions of the
invention include those that also contain one or more
other active ingredients or therapeutic agents, in
addition to a compound of the invention. Examples of
other therapeutic agents that may be combined with a
compound of the invention, either administered
separately or in the same pharmaceutical compositions,
include, but are not limited to: (a) VLA-4
antagonists, (b) corticosteroids, such as
beclomethasone, methylprednisolone, betamethasone,
prednisone, prenisolone, dexamethasone, fluticasone
and hydrocortisone, and corticosteroid analogs such as
budesonide; (c) immunosuppressants such as
cyclosporine (cyclosporine A, Sandimmune(r), Neoraf),
tacrolimus (FK-506, Prograf(r)), rapamycin (sirolimus,
Rapamune ) and other FK-506 type immunosuppressants,
and mycophenolate, e.g., mycophenolate mofetil
(CellCept ) ; (d) antihistamines (Hl -histamine
antagonists) such as bromopheniramine,
chlorpheniramine, dexchlorpheniramine, triprolidine,.
clemastine, diphenhydramine, diphenylpyraline,
tripelennamine, hydroxyzine, methdilazine,
promethazine, trimeprazine, azatadine, cyproheptadine,
antazoline, pheniramine pyrilamine, astemizole,
terfenadine, loratadine, cetirizine, fexofenadine,
descarboethoxyloratadine, and the like; (e)
non-steroidal anti-asthmatics such as b2-agonists
(e.g., terbutaline, metaproterenol, fenoterol,
isoetharine, albuterol, bitolterol and pirbuterol) and
b2-agonist-corticosteroid combinations (e.g.,
salmeterol-fluticasone (Advair(r)),
formoterol-budesonid (Symbicort(r))), theophylline,
cromolyn sodium, atropine, ipratropium bromide,
leukotriene antagonists (e.g., zafirlukast,
montelukast, pranlukast, iralukast, pobilukast and
SKB-1 06,203), leukotriene biosynthesis inhibitors
(zileuton, BAY-1005); (f) non-steroidal
antiinflammatory agents (NSAIDs) such as propionic
acid derivatives (e.g., alminoprofen, benoxaprofen,
bucloxic acid, carprofen, fenbufen, fenoprofen,
fluprofen, flurbiprofen, ibuprofen, indoprofen,
ketoprofen, miroprofen, naproxen, oxaprozin,
pirprofen, pranoprofen, suprofen, tiaprofenic acid and
tioxaprofen), acetic acid derivatives (e.g.,
indomethacin, acemetacin, alclofenac,
clidanac,diclofenac, fenclofenac, fenclozic acid,
fentiazac, furofenac, ibufenac, isoxepac, oxpinac,
sulindac, tiopinac, tolmetin, zidometacin and
zomepirac),.fenamic acid derivatives (e.g., flufenamic
acid, meclofenamic acid, mefenamic acid, niflumic acid
and tolfenamic acid), biphenylcarboxylic acid
derivatives (e.g., diflunisal and flufenisal), oxicams
(e.g., isoxicam, piroxicam, sudoxicam and tenoxican),
salicylates (e.g., acetyl salicylic acid and
sulfasalazine) and the pyrazolones (e.g., apazone,
bezpiperylon, feprazone, mofebutazone, oxyphenbutazone
and phenylbutazone); (g) cyclooxygenase-2 (COX-2)
inhibitors such as celecoxib (Celebrex(r)) and
rofecoxib (Vioxx(r)) ; (h) inhibitors of
phosphodiesterase type IV (PDE-IV); (i) other PGD2
receptor antagonists, especially DP antagonists; (j)
opioid analgesics such as codeine, fentanyl,
hydromorphone, levorphanol, meperidine, methadone,
morphine, oxycodone, oxymorphone, propoxyphene,
buprenorphine, butof hanol, dezocine, nalbuphine and
pentazocine; (k) cholesterol lowering agents such as
HMG-CoA reductase inhibitors (e.g., lovastatin,
simvastatin, pravastatin, fluvastatin, atorvastatin
and other statins), bile acid sequestrants (e.g.,
cholestyramine and colestipol), vitamin B3 (also known
as nicotinic acid, or niacin), vitamin B6
(pyridoxine), vitamin B)2 (cyanocobalamin), fibric
acid derivatives (e.g., gemfibrozil, clofibrate,
fenofibrate and benzafibrate), probucol,
nitroglycerin, and inhibitors of cholesterol
absorption (e.g., beta-sitosterol and
acylCoA-cholesterol acyltransferase (ACAT) inhibitors
such as melinamide), HMG-CoA synthase inhibitors,
squalene epoxidase inhibitors and squalene synthetase
inhibitors; (1) antithrombotic agents, such as
thrombolytic agents (e.g., streptokinase, alteplase,
anistreplase and reteplase), heparin, hirudin and
warfarin derivatives, b-blockers (e.g., atenolol),
b-adrenergic agonists (e.g., isoproterenol), ACE
inhibitors and vasodilators (e.g., sodium
nitroprusside, nicardipine hydrochloride,
nitroglycerin and enaloprilat); (m) anti-diabetic
agents such as insulin and insulin mimetics,
sulfonylureas (e.g., glyburide, meglinatide),
biguanides, e.g., metformin (Glucophage(r)),
a-glucosidase inhibitors (acarbose), thiazolidinone
compounds, e.g., rosiglitazone (Avandia(r)),
troglitazone (Rezulin(r)), ciglitazone, pioglitazone
(Actos(r)) and englitazone; (n) preparations of
interferon beta (interferon b- 1 a, interferon b- 1
b); (o) gold compounds such as auranofin and
aurothioglucose, (p) TNF inhibitors, e.g., etanercept
(Enbret ), antibody therapies such as orthoclone
(0KT3), daclizumab (Zenapax(r)), basiliximab
(Simulect(r)), infliximab (Remicade(r)) and D2E6 TNF
antibody, (q) lubricants or emollients such as
petrolatum and lanolin, keratolytic agents, vitamin D3
derivatives (e.g., calcipotriene and calcipotriol
(Dovonex(r))), PUVA, anthralin 



(Drithrocreme(r)), etretinate (Tegison(r)) and
isotretinoin; (r) multiple sclerosis therapeutic
agents such as interferon b-l b (Betaseron(r)),
interferon b-la (Avonex(r)), azathioprine (Imurek(r),
Imuran(r)), glatiramer acetate (Capoxone(r)), a
glucocorticoid (e.g., prednisolone) and
cyclophosphamide; (s) other compounds such as
5-aminosalicylic acid and prodrugs thereof;
(t)DNA-alkylating agents (e.g., cyclophosphamide,
ifosfamide), antimetabolites (e.g., azathioprine,
6-mercaptopurine, methotrexate, a folate antagonist,
and 5-fluorouracil, a pyrimidine antagonist),
microtubule disrupters (e.g., vincristine,
vinblastine, paclitaxel, colchicine, nocodazole and
vinorelbine), DNA intercalators (e.g., doxorubicin,
daunomycin and cisplatin), DNA synthesis inhibitors
such as hydroxyurea, DNA cross-linking agents, e.g.,
mitomycin C, hormone therapy (e.g., tamoxifen, and
flutamide), and cytostatic agents, e.g., imatinib
(STI571, Gleevec ) and rituximab (Rituxan(r)) . The
weight ratio of the compound of the invention to the
second active ingredient may be varied and will depend
upon the effective dose of each ingredient. Generally,
an effective dose of each will be used. Thus, for
example, when a compound of the invention is combined
with an NSAJD, the weight ratio of the compound of the
invention to the NSAID will generally range from about
1000:1 to about 1:1000, preferably about 200: 1 to
about 1:200. Combinations of a compound of the
invention and other active ingredients will generally
also be within the aforementioned range, but in each
case, an effective dose of each active ingredient
should be used. EXAMPLES The following examples are
provided by way of illustration only and not by way of
limitation. Those of skill in the art will readily
recognize a variety of noncritical parameters that
could be changed or modified to yield essentially
similar results. EXAMPLE 1
2-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-cyclopropy
lphenylsulfonamido)phenoxy)-2,5- difluorophenyl)acetic
acid (A).A.1 A.2 l-Allyl-2,5-difluoro-4-methoxybenzene
(A.2). Under Argon atmosphere, the mixture of compound
A.1 (5g, 22.4mmol) and allyltributyltin (8.91g,
27mmol) in the presence of Pd(PPh 3)4 (2.59g,
2.24mmol) in anhydrous DMF (100ml) was stirred at
11O0C for 4 hours. The solution was diluted with ethyl
acetate and then filtered. The filtrate was washed
with water and brine, dried over Na SO4 and
concentrated in vacuo. The residue was purified by
flash chromatography (silica gel, 100% hexane eluent)
to give compound A.2 (4.Og, 97%). 1H NMR (400MHz)
(CDCl3) d 7.30 (d, J = 13.7 Hz, IH); 7.19 (d, J = 7.8
Hz, IH); 5.87-5.97 (m, IH); 5.07-5.12 (m, 2H); 3.91
(s, 3H); 3.33 (d, = 6.45 Hz, 2H)
2-(2,5-Difluoro-4-methoxyphenyl)acetic acid (A.3). To
a solution of compound A.2 (4.0g, 22mmol) in a mixed
solvent (CC14:CH3CN:H2O = 1:1:1.5, 350ml), NaIO4
(23.25g, 22mmol) and RuCl H2O (0.68g, 3.3mmol) were
added in one portion. The reaction mixture was stirred
at room temperature for 1 hour and then poured into
water. The aqueous layer was extracted with DCM (3x),
the combined organic layers were washed with water and
brine, dried over Na SO4 and concentrated in vacuo to
give compound A.3 (2.7g, 56%). LC-MS ESI (neg.) m/z:
201.1 (M-H).A.3 A.4
2-(2,5-Difluoro-4-hydroxyphenyl)acetic acid (A.4).
Under N2, to a solution of compound A.3 (2.7g,
13.4mmol) in DCM (60ml) at -780C, was added a solution
OfBBr3 in dichloromethane (IM, 38mmol) dropwise over 1
hour. The reaction mixture was stirred at room
temperature for 5 hours and then poured into ice
water. The aqueous layer was extracted with ethyl
acetate (3x), the combined organic layers were washed
with water and brine, dried over Na2SO4 and
concentrated in vacuo to give compound A.4 (2.5g,
97%). LC-MS ESI (pos.) m/z: 188.9 (M+H). 1H NMR
(500MHz) (DMSO-Cl6) d 7.14 (dd, J = 11.0, 7.2 Hz IH);
6.74 (dd, J = WS), 12 Hz, IH); 3.49 (s, 2H). A.5
L-te/t-butyl-4-chloro-3-nitrobenzamide (A.5). To a
solution of 4-chloro-3-nitrobenzoic acid (56. 17g ,
255 mmol) dissolved in 325 mL THF cooled by an
ice-bath was added dropwise over 30 minutes a solution
of terf-butylamine (26.9 mL, 255 mmol) and 39.1 mL
triethylamine in 75 mL THF. The reaction was
equilibrated to room temperature. After 5 hours, the
solids were removed by filtration and the filtrate
concentrated in vacuo. The resulting solid was
partitioned between 250 mL each ethyl acetate and 0.5N
aqueous hydrochloric acid. The organic layer was
washed with 4x150 mL saturated bicarb solution
followed by 100 mL each water and brine. The organic
layer was stirred over magnesium sulfate, filtered and
the filtrate concentrated in vacuo to afford an
off-white solid. 1H NMR (500 MHz) (CDCl3) d 8.07 (d,
J=8.8 Hz, IH); 7.93 (d, J=2.2 Hz, IH); 7.73 (s, IH);
7.49 (dd, J 1=I .9 Hz, J2=8.6 Hz, IH); 7.38 (d, J=7.3
Hz, IH); 7.22 (s, IH); 7.17 (d, J=8.6 Hz, IH); 6.62
(d, J=8.6 Hz, IH); 6.38 (d, J=9.5 Hz, IH); 5.94 (s,
IH); 3.67 (s, 2H); 1.47 (s, 9H) ppm.A.4 A.6 Methyl
2-(4-(4-(tert-butylcarbamoyl)-2-nitrophenoxy)-2,5-
difluorophenyl)acetate (A.6) To a solution of compound
A.4 (500mg, 2.66mmol) and N-tertbutyl-
4-chloro-3-nitrobenzamide (A.5) (682mg, 2.66mmol) in
DMSO (25ml), Cs2CO3 (1.73g, 5.32mmol) was added in one
portion. The reaction mixture was stirred at 8O0C for
1 hour, diluted with ethyl acetate and then 10% citric
acid was added to adjust pH=2. The aqueous layer was
extracted with ethyl acetate (2x), the combined
organic layers were washed with water and brine, dried
over Na2SO4 and concentrated in vacuo. The residue was
dissolved in methanol (10ml) then
chlorotrimethylsilane was added to the solution. The
reaction was stirred at room temperature for 1 hour
and concentrated in vacuo. The residue was purified by
flash column chromatography (silica gel, 30% ethyl
acetate in hexane eluent) to give compound A.6 (340mg,
30%, 2 steps). LC-MS ESI (pos.) m/z: 423.1 (M+H). A.6
A.7a Condition 1. (X = F) Compound A.6 (O. lmmol) was
dissolved in a mixture of ethyl acetate (5 ml) and
methanol (5 ml). 10% Pd/C (86mg, O.O lmmol) was added
and the reaction mixture was stirred under H2 at room
temperature for 1 hour. The reaction mixture was
filtered and the filtrate was concentrated in vacuo to
give compound A.7a.A.8
2-chloro-4-cyclopropylbenzenamine (A.8). To a 5L
jacketed reactor equipped with a mechanical stirrer
and a reflux condenser under nitrogen was added
4-bromo-2-chloroaniline (103 g, 499 mmol),
cyclopropylboronic acid (58 g, 673 mmol),and potassium
phosphate (376 g, 1771 mmol) in 2.5L toluene. The
reaction flask was evacuated and back filled with
nitrogen before adding tricyclohexylphosphine (14 g, 5
1 mmol) followed by water (10OmL). The reaction was
again evacuated and back-filled with nitrogen 3 times
before adding palladium(IT) acetate (5.8 g, 26 mmol).
The flask was evacuated and back-filled with nitrogen
one more time and heated to 940C using a heating
mantle. Upon heating, the gummy precipitate turned
into a dark brown solution. After 2.5 hours, the
reaction was checked by HPLC to find that no starting
materials remained. The reaction was cooled to room
temperature and then transferred to a separation
funnel to be extracted with water (2x 50OmL) and then
brine (50OmL). The organics were stirred over MgSO4
for 10 minutes and then filtered and the filtrate
concentrated under in vacuo to afford an orange oil as
the crude material (80g). The crude material was then
purified by flash chromatography (Silica; 1-10% EtOAc
in Hexanes) as a gradient. The final purified material
A.8 (67.7g, 81% yield) was collected as an orange oil
which crystallized overnight. LC-MS ESI (pos.) m/e:
168.1 (M+H). A.8 A.9
2-chloro-4-cyclopropyIbenzene-l-suIfonyl chloride
(A.9). To a 5L jacketed reaction vessel equipped with
an overhead stirrer, nitrogen inlet, and a temperature
probe was dissolved 2- chloro-4-cyclopropylbenzenamine
(66.0 g, 394 mmol) in 1.6 L acetonitrile. To this
stirring solution was added concentrated hydrochloric
acid (632 ml). [Note: the jacketed reactor was set to
150C for the HCl addition] Upon addition of HCl, the
reaction exothermed slightly (from 180C to 220C). The
reaction was then cooled to -2-O0C before adding
sodium nitrite ( 15 ml, 472 mmol) as a solution in
water (80.0 ml) via dropping funnel over 20 minutes.
This resulting orange mixture was then stirred under
cooled conditions (0-50C) for an additional hour
beforeadding 750 mL chilled acetic acid. Then sulfur
dioxide (14Ig) was bubbled into the reaction mixture
by lecture bottle through a gas dispersion tube over a
period of 20 minutes. Then, a mixture of copper (II)
chloride (27 g, 201 mmol) and copper(I) chloride (0.1
ml, 5 mmol) was added all at once to the reaction. The
resulting green reaction mixture was equilibrated to
room temperature and stirred overnight. The reaction
mixture was filtered to remove solids. The filtrate
was then concentrated in vacuo until a precipitate
developed. The mixture was then diluted with ethyl
acetate (IL) and extracted with water (2 X 50OmL) and
brine ( 1 X 50OmL). The organic layer was stirred over
magnesium sulfate, filtered and the filtrate
concentrated to a dark orange oily solid. The crude
material was purified by column chromatography
(Silica; 0- 5% EtOAc in Hexanes). The final product
A.9 (86 g, 87% yield) was obtained as a light yellow
(oily textured) solid. 1H NMR (500 MHz) (CDCl3) d 8.01
(d, J=8.4 Hz, IH); 7.29 (d, J=1.7 Hz, IH); 7.13 (dd,
J=2.0, 8.6 Hz, IH); 1.99 (m, IH); 1.21 (m, 2H); 0.87
(m, 2H). A.7a
-(4-(4-(tert-Butylcarbamoyl)-2-(2-chloro-4-cyclopropyl
phenylsulfonamido)phenoxy)-2,5-difluorophenyl)acetic
acid (A) To a solution of compound A.7a (lOOmg,
0.255mmol) in pyridine (2ml), sulfonyl chloride A.9
(76.8mg, 0.306mmol) was added. The reaction mixture
was stirred at room temperature for 2 hours and then
concentrated in vacuo. The concentrate was dissolved
in the mixed solvent (THF: MeOH: H2O=2:2:1, 2ml) and
lithium hydroxide (75.5mg, 1.8mmol) was added to the
solution. The reaction mixture was stirred at room
temperature for 2 hours and then concentrated in
vacuo. The residue was purified by HPLC to give
compound A (90mg, 60% in two steps). MS ESI (pos.)
m/e: 593.0 (M+H). 1H NMR (400MHz) (DMSO-Ci6) d 7.96
(d, J =2.0 Hz, IH); 7.75 (d, J = 8.3Hz, IH); 7.50 (d,
J =2.0Hz, IH), 7.48 (dd, = 8.0, 2.0Hz, IH); 7.08 (d, =
1.4Hz, IH); 6.98 (dd, = 8.3, 1.4Hz, IH); 6.71 (d, =
8.6Hz, IH); 6.32-6.35 (m, IH); 3.33 (s, 2H); 1.89-1.90
(m, IH); 1.46 (s, 9H); 1.06-1.10 (m, 2H); 0.72-0.75
(m, 2H). The following example compounds 2 through 12
were prepared according to the methods described in
Example 1. The step in Example 1 where compound A.6 is
transformed to compound A.7a under "condition 1" was
modified as set forth below: Condition 2. (X = Cl)
Compound A.6 ( 1.02mmol) was dissolved in a mixture of
AcOH (20ml) and H O (8 ml). Fe power (3.07mmol) was
added to the solution. The reaction mixture was
stirred at 6O0C for 3 hours and then concentrated in
vacuo. The residue was diluted with ethyl acetate,
saturated Na2CO was added to adjust PH=8. The aqueous
layer was extracted with ethyl acetate (2x), the
combined organic layers were washed with water and
brine, dried over Na2SO and concentrated in vacuo to
give compound
A.7b.-(4-(4-(tert-butylcarbamoyI)-2-(2,4-dichloropheny
lsulfonamido)phenoxy)-5-chloro-2- fluorophenyl)acetic
acid (B.I). MS ESI (pos.) m/e: 605.0 (M+H). 1H NMR
(400MHz) (CDCl3) d 7.98 (d, J = 1.7 Hz, IH); 7.90 (d,
J = 8.5Hz, IH); 7.47-7.55 (m, 3H); 7.37 (d, J = 8.5Hz
IH); 6.72 (d, J = 8.5Hz, IH); 6.35 (d, J = 10.0Hz,
IH); 3.68 (s, 2H); 1.46 (s, 9H).
-(5-chloro-4-(2-(2-chloro-4-cyclopropylphenylsulfonami
do)-4-((l-methylcyclobutyl)
carbamoyl)phenoxy)-2-fluorophenyl)acetic acid (B.I).
MS ESI (pos.) m/e: 621 .1 (M+H) 1H NMR (400MHz) (MeOD)
d 8.04 (d, J = 2.0 Hz, IH); 7.77 (d, J = 8.3Hz, IH);
7.53 (dd, J = 8.6, 2.0Hz, IH); 7.47 (d, J = 7.5Hz,
IH); 7.09 (d, J = 1.4Hz, IH); 6.98 (d, J = 8.3, 1.4Hz,
IH); 6.64 (d, J = 8.6Hz, IH); 6.26 (d, J = 10.0Hz,
IH), 3.68 (s, 2H); 2.40 (dd, J = 21.3, 9.5Hz, 2H); 



2.07-2.13 (m, 2H); 1.87-1.94 (m, 3H); 0.71-0.75 (m,
2H).-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-(l,l,2,
2-tetrafluoroethoxy)phenylsulfonamido)
phenoxy)-5-chloro-2-fluorophenyl)acetic acid (B.3). MS
ESI (neg.) m/e: 683.(M-H). 1H NMR (400MHz)(MeOD)
7.98-8.03 (m, 2H); 7.53 (dd, J=2.1, 4.0, 2H); 7.47 (d,
J=7.5, IH); 7.38 (d, J = 2.1Hz, IH); 7.26 (d, J=8.8Hz,
IH ); 6.68 (d, J = 8.8Hz, IH); 6.24-6.46 (m, 2H); 3.36
(s, 2H); 1.46 (s, 9H).
-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-methylpheny
lsulfonamido)phenoxy)-5-chloro-2- fluorophenyl)acetic
acid (BA). MS ESI (neg.) m/e: 581.0 (M-H) 1H NMR
(400MHz) (MeOD) d 7.99 (d, J = 2.1 Hz, IH); 7.81 (d, J
= 8.1Hz, IH); 7.65 (d, J = 8.1Hz, IH); 7.47- 7.51 (m,
2H); 7.23 (s, IH); 7.16 (d, J = 8.1, IH); 6.68 (d, J =
8.6Hz, IH); 6.19 (d, J = 10.1Hz, IH), 3.67 (s, 2H);
2.33 (s, 3H); 1.46 (s, 9H).
-(5-chloro-4-(2-(2-chloro-4-methylphenylsulfonamido)-4
-(cyclobutylcarbamoyl)phenoxy)-2- fluorophenyl)acetic
acid (B.5). MS ESI (pos.) m/e: 581 .0 (M+H) 1H NMR
(400MHz) (MeOD) d 8.08 (d, J = 2.1 Hz, IH); 7.80 (d, J
= 8.1Hz, IH); 7.57 (dd, J = 8.6, 2.1Hz, IH); 7.48 (d,
J = 7.5Hz, IH); 7.23 (s, IH); 7.15 (d, J = 8.1Hz, IH);
6.68 (d, J = 8.6, IH); 6.21 (d, J = 10.2Hz, IH);
4.44-4.53 (m, IH); 3.67 (s, 2H); 2.32-2.40 (m, 5H);
2.07-2.17 (m, 2H); 1.75-1.83 (m, 2H).
-(5-chloro-4-(2-(2-chloro-4-cyclopropylphenylsulfonami
do)-4-(cyclobutylcarbamoyl)
phenoxy)-2-fluorophenyl)acetic acid (BJ). MS ESI
(neg.) m/e: 605.0 (M-H) 1H NMR (400MHz) (MeOD) d 8.08
(d, J = 1.8Hz, IH); 7.77 (d, J = 8.2Hz, IH); 7.56 (dd,
J = 1.9, 8.6Hz, IH); 7.48 (d, J = 7.4Hz, IH); 7.09 (s,
IH); 6.98 (d, J = 8.2Hz, IH); 6.65 (d, J = 8.6Hz, IH);
6.27 (d, J = 9.9Hz, IH); 4.44-4.52 (m, IH), 3.68 (s,
2H); 2.34-2.67 (b, 2H); 2.10-2.14 (m, 2H); 1.87-1.91
(m, IH); 1.76-1.82 (m, 2H); 1.05-1.10 (m, 2H);
0.72-0.75 (m, 2H).
-(5-chloro-4-(2-(2-chloro-4-methylphenylsulfonamido)-4
-((l-methylcyclobutyl)carbamoyl)
phenoxy)-2-fluorophenyl)acetic acid (B.8). MS ESI
(pos.) m/e: 595.0 (M+H) 1H NMR (400MHz) (MeOD) d 8.00
(d, J = 2.10 Hz, IH); 7.74 (d, J = 8.1Hz, IH); 7.48
(dd, J = 8.6, 2.1Hz, IH); 7.41 (d, J = 7.5Hz, IH);
7.60 (s, IH); 7.09 (d, J = 8.1Hz, IH); 6.61 (d, J =
8.6, IH); 6.1 1 (d, J = 10.1Hz, IH), 3.60 (s, 2H);
2.30-2.38 (m, 2H); 2.26 (s, 3H); 1.98-2.08 (m, 2H);
1.81-1.88 (m, 2H); 1.6 (m, 3H).
-(5-chloro-4-(2-(2-chloro-4-(trifluoromethoxy)phenylsu
lfonamido)-4-((l-methylcyclobutyl)
carbamoyl)phenoxy)-2-fluorophenyl)acetic acid (B.9).
MS ESI (pos.) m/e: 665.0 (M+H)1H NMR (400MHz) (MeOD) d
8.05 (d, J = 3.3 Hz, IH); 8.04 (d, J = 3.3Hz, IH);
7.58 (dd, J = 8.6, 2.1Hz, IH); 7.48 (d, J = 7.5Hz,
IH); 7.42 (s, IH); 7.28 (d, J= 8.8Hz, IH); 6.67 (d, J
= 8.6Hz, IH); 6.48 (d, J = 9.9Hz, IH), 3.68 (s, 2H);
2.37-2.45 (m, 2H); 2.09-2.15 (m, 2H); 1.88- 1.95 (m,
2H); 1.59 (s, 3H).
-(5-chloro-4-(2-(2-chIoro-4-(trifluoromethyl)phenylsul
fonamido)-4-((l-methylcyclobutyl)
carbamoyl)phenoxy)-2-fluorophenyl)acetic acid (B.10).
MS ESI (pos.) m/e: 649.0 (M+H) 1H NMR (400MHz) (MeOD)
d 8.1 1 (d, J = 8.2 Hz, IH); 8.03-8.04 (m, IH); 7.79
(s, IH); 7.66 (d, J = 8.3Hz, IH); 7.58-7.61 (m, IH);
7.45 (d, J = 7.5Hz, IH); 6.68 (d, J = 8.6, 1.8Hz, IH);
6.42 (d, J= 9.9, 1.8Hz, IH), 3.66 (s, 2H); 2.38-2.45
(m, 2H); 2.09-2.15 (m, 2H); 1.90-1.96 (m, 2H); 1.56
(s, 3H).
-(5-chloro-4-(2-(2-chloro-4-(trifluoromethyl)phenylsul
fonamido)-4-(tert-pentylcarbamoyl)
phenoxy)-2-fluorophenyl)acetic acid (B.ll). MS ESI
(pos.) m/e: 651.0 (M+H). 1H NMR (400MHz) (CDCl3) d 8.1
1 (d, J = 8.3 Hz, IH); 7.97 (d, J = 2.0Hz, IH); 7.84
(s, IH); 7.65 (d, J = 8.2Hz, IH); 7.54 (dd, J = 9.0,
2.0Hz, IH); 7.44 (d, J = 7.5Hz, IH); 6.68(d, J =
8.6Hz, IH); 6.43 (d, J = 10.0Hz, IH); 3.66 (s, 2H);
1.87 (q, J = 7.4Hz, 2H), 1.41 (s, 6H); 0.91 (t, J =
7.4Hz, 3H).
-(5-chloro-4-(2-(2-chloro-4-methylphenylsulfonamido)-4
-(tert-pentylcarbamoyl)phenoxy)-2- fluorophenyl)acetic
acid (B.12). MS ESI (pos.) m/e: 597. 1.0 (M+H). 1H NMR
(400MHz) (CDCl3) d 7.98 (d, J = 2.0Hz, IH); 7.81 (d, J
= 8.1Hz, IH); 7.47-7.50 (m, 2H); 7.23 (s, IH); 7.16
(d, J = 8.0Hz IH); 6.68 (d, J = 8.6Hz, IH); 6.21 (d, J
= 10.0Hz, IH); 3.67 (s, 2H); 2.32 (s, 3H); 1.87 (q, J
= 7.4Hz, 2H), 1.40 (s, 6H); 0.91 (t, J = 7.4Hz, 3H).
EXAMPLE 13
2-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-(trifluoro
methoxy)phenylsulfonamido)phenoxy)-5-
chloro-2-fluorophenyl)acetic acid (D).C.4 D.I
tert-butyl
2-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-(trifluoro
methoxy)
phenylsulfonamido)phenoxy)-5-chloro-2-fluorophenyl)ace
tate (D.I). Sulfonylation of the aniline C.4 was
carried out according to the method of Example C
(Scheme C.5). Ester D.I was obtained as a light yellow
glassy solid in 84% yield. 1H NMR (500 MHz) (CDCl3) d
8.10 (d, J=8.8 Hz, IH); 7.96 (s, IH); 7.67 (s, IH);
7.47 (dd, J=2.1, 8.5 Hz, IH); 7.39 (d, J=7.4 Hz, IH);
7.27 (s, IH); 7.19 (dd, J=LO, 8.8 Hz, IH); 6.64 (d,
J=8.6 Hz, IH); 6.39 (d, J=9.6 Hz, IH); 5.91 (s, IH);
3.57 (s, 2H); 1.49 (s, 9H); 1.48 (s, 9H). D.I D
2-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-(trifluoro
methoxy)phenylsulfonamido)
phenoxy)-5-chloro-2-fluorophenyl)acetic acid (D).
Hydrolysis of the /erf-butyl ester was carried out
according to the method of Example C (Scheme C.6).
Acid D was obtained as a colorless solid in 98% yield.
LC-MS ESI (neg.) m/e: 651.0 (M-H). 1H NMR (500 MHz)
(CDCl3) d 8.07 (d, J=8.8 Hz, IH); 7.93 (d, J=2.2 Hz,
IH); 7.73 (s, IH); 7.49 (dd, J=1.9, 8.6 Hz, IH); 7.38
(d, J=7.3 Hz, IH); 7.22 (s, IH); 7.17 (d, J=8.6 Hz,
IH); 6.62 (d, J=8.6 Hz, IH); 6.38 (d, J=9.5 Hz, IH);
5.94 (s, IH); 3.67 (s, 2H); 1.47 (s, 9H) ppm.EXAMPLE
14 2-(4-(4-(?er
-butylcarbamoyl)-2-(2-chloro-4-cyclopropylphenylsulfon
amido) phenoxy)-5- chloro-2-fluorophenyl)acetic acid
(C). C l 4-bromo-2-chloro-5-fluorophenol (Cl).
2-Chloro-5-fluorophenol (24.1 g, 165 mmol) was
dissolved in anhydrous chloroform (200 mL), heated to
75 0C and treated with a solution of bromine (8.5 mL,
165 mmol) in anhydrous chloroform (40 mL) added
dropwise over 5 minutes. After 3 hours the reaction
was treated with additional bromine (1.7 mL, 33 mmol)
in anhydrous chloroform (15 mL) and stirred at 75 0C.
After 2 hours, the reaction was cooled to room
temperature and treated with dichloromethane (300 mL)
and Na2S2O3 (100 mL, saturated aqueous solution).
After mixing vigorously, the layers were separated and
the organic layer was dried over MgSO4, filtered and
concentrated under reduced pressure. The resulting
yellow liquid was purified by vacuum distillation.
Compound C l (22.3 g, 60%) was obtained as a colorless
liquid. LC-MS ESI (neg.) m/e: 224.9 (M-H). 1H NMR (400
MHz) (CDCl3) d 7.51 (d, J = 6.9 Hz, IH); 6.85 (d, J =
9.2 Hz, IH); 5.69 (s, IH). C l C
24-(4-bromo-2-chloro-5-fluorophenoxy)-N-tert-butyl-3-n
itrobenzamide (C.2). Compound C l (13.0 g, 58.0 mmol)
was dissolved in DMSO (140 mL) and treated with Cs2CO3
(24.6 g, 75.4 mmol). After 10 minutes N-/er
-butyl-4-chloro-3-nitrobenzamide (A.5) (12.9 g, 50.2
mmol) was added in one portion and the resulting
mixture was heated to 75 0C. After 18 hours the
reaction mixture was cooled to room temperature and
treated with ethyl acetate (450 mL) and water (200
mL). The separated organic layer was washed with H2O
(2 x 150 mL), dried over MgSO4, filtered and
concentrated under reduced pressure. The resulting
brown solid was dissolved in hot ethyl acetate (200
mL) and poured into hexane (200 mL). The precipitate
was filtered and washed with cold hexane (50 mL).
Compound C.2 (16. Ig, 72%) was obtained as a white
solid. LC-MS ESI (pos.) m/e: 445.0 (M+H). 1H NMR
(400MHz) (CDCl3) d 8.32 (d, J = 2.1 Hz, IH); 7.97 (dd,
J = 8.6, 2.1 Hz, IH); 7.72 (d, J = 6.9 Hz, IH); 6.91
(dd, J = 19.0, 8.6 Hz, 2H); 5.93 (s, IH); 1.50 (s,
9H). C.2 C.3 tert-butyl
2-(4-(4-(tert-butylcarbamoyl)-2-nitrophenoxy)-5-chloro
-2- fluorophenyl)acetate (C.3). Compound C.2 (17.38 g,
39.1 mmol) was dissolved in anhydrous THF (150 mL) and
the mixture was degassed for 20 minutes with a flow of
nitrogen gas. Pddba2 (672 mg, 1.17 mmol) and
CTC-Q-Phos (833 g, 1.17 mmol) were then added in one
portion to the stirred reaction mixture. After 10
minutes a 0.5 M solution of 2-tert-butoxy-2-
oxoethylzinc chloride ( 117.3 mL, 58.6 mmol) in Et2O
was added dropwise via an addition funnel over 10
minutes. After the addition was completed the reaction
was heated to reflux. After 1 hour the reaction was
cooled to room temperature and the mixture was
dissolved in ethyl acetate (400 mL) and water (200
mL). The separated organic layer was dried over MgSO,
, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography
(silica gel, 15% ethyl acetate in hexane eluent).
Compound C.3 (13.2 g, 70%) was obtained as a pale
yellow solid. LC-MS ESI (pos.) m/e: 481 .1 (M+H). 1H
NMR (400MHz) (CDCl3) d 8.29 (d, J = 2.1 Hz, IH); 7.89
(dd, J = 8.6, 2.1 Hz, IH); 7.35 (d, J = 7.3 Hz, IH);
6.80 (dd, J = 8.6, 7.3 Hz, 2H); 6.43 (s, IH); 3.48(s,
2H); 1.40 (s, 18H).C.3 C.4 teft-butyl
2-(4-(2-amino-4-(tert-butylcarbamoyl)phenoxy)-5-chloro
-2- fluorophenyl)acetate. Compound C.3 (13.2 g, 27.5
mmol) was dissolved in acetic acid (108 mL) and water
(72 mL), treated with iron powder (7.7 g, 137.5 mmol)
and then heated to 65 0C. After 3 hours the reaction
was concentrated under reduced pressure and the
resulting residue was diluted with ethyl acetate (500
mL). NaHCC>3 (saturated aqueous solution, 200 mL) was
carefully added dropwise and the separated organic
layer was dried over MgSO4, filtered and concentrated
under reduced pressure. The residue was purified by
flash chromatography (silica gel, 10% MeOH in CH2Cl2
eluent). Compound C.4 (9.2 g, 74%) was isolated as a
white foam. LC-MS ESI (pos.) m/e: 451.1 (M+H). 1H NMR
(400MHz) (CDCl 3) d 7.33 (d, J = 7.5 Hz, IH); 7.25 (s,
IH); 6.96 (d, J = 7.5 Hz, IH); 6.76 (d, J = 8.2 Hz,
IH); 6.58 (d, J = 10.1 Hz, IH); 5.94 (s, IH); 3.50 (s,
2H); 1.44 (s, 18H). C.4 C.5 tert-buty\
2-(4-(4-(ter^-butylcarbamoyl)-2-(2-chIoro-4-cyclopropy
Iphenylsulfonamido)
phenoxy)-5-chloro-2-fluorophenyl)acetate (C.5).
Compound C.4 (10.4 g, 23.1 mmol) was dissolved in
pyridine (100 mL) and treated with
2-chloro-4-cyclopropylbenzene-l-sulfonyl chloride (6.4
g, 25.4 mmol). After 2 hours the mixture was
concentrated under reduced pressure and the resulting
residue was purified by flash chromatography (silica
gel, 10%methanol in CH2Cl2 eluant). Compound C.5 (
11.5 g, 75%) was obtained as a white solid. 1H NMR
(400 MHz) (CDCl3) d 7.90-7.87 (m, 2H); 7.62 (s, IH);
7.46 (d, J = 8.5 Hz, IH); 7.38 (d, J = 7.3 Hz, IH);
7.01 (s, IH); 6.96 (d, J = 8.6 Hz, IH); 6.63 (d, J =
8.6 Hz, IH); 6.27 (d, J = 9.8 Hz, IH); 5.86 (s, IH);
3.55 (s, 2H); 1.85-1.75 (m, IH); 1.46 (s, 18H);
1.10-1.07 (m, 2H); 0.75- 0.73 (m, 2H). C.5
2-(4-(4-(te/t-butylcarbamoyl)-2-(2-chloro-4-cydopropyl
phenylsulfonamido) phenoxy)-5-
ch!oro-2-fluorophenyl)acetic acid (C). Compound C.5
(7.2 g, 10.8 mmol) was dissolved in acetic acid (60
mL), cooled to 10 C and treated with a 30% solution of
HBr in AcOH (18 mL). After 15 minutes the reaction was
warmed to room temperature for 15 minutes and then was
poured into water (100 mL). The resulting precipitate
was dissolved in ethyl acetate (300 mL) and then
washed with H2O (100 mL) and brine (100 mL). The
resulting organic layer was dried over MgSO4, filtered
and concentrated under reduced pressure. Compound C
(3.8 g, 58%) was obtained as a white solid. LC-MS ESI
(pos.) m/e: 609.0 (M+H). 1H NMR (400MHz) (CDCl3) d
7.88 (s, IH); 7.87 (d, J = 6.5 Hz, IH); 7.62 (s, IH);
7.52 (dd, J 8.5, 2.1 Hz, IH); 7.39 (d, J = 7.4 Hz,
IH); 7.01 (s, IH); 6.96 (d, J = 8.2 Hz, IH); 6.63 (d,
J = 8.5 Hz, IH); 6.27 (d, J = 9.6 Hz, IH); 5.88 (s,
IH); 3.69 (s, 2H); 1.87-1.81 (m, IH); 1.47 (s, 9H);
1.11- 1.07 (m, 2H); 0.75-0.71 (m, 2H). Alternative
Synthesisvol) 



EtOH Sulfonamide Synthesis 4-Bromo-2-chlorobenzene
sulfonyl chloride 1 (4.0 Kg, 13.8 mol) was slurried in
heptane (32 L). t-Butyl amine (7.25 L, 69 mol) was
charged over 2h, maintaining a temperature below 40C.
The slurry was aged overnight, then 5 N HCl (8.5 L, 42
mol) was charged maintaining the temperature below
400C. The product was isolated via filtration followed
by a water wash (40L). After drying, 4.2 Kg (93 %) of
2 was obtained. 150 g of 2 (0.46 mol), cyclopropyl
boronic acid (50 g, 0.58 mol), potassium phosphate
(195 g, 0.92 mol), palladium acetate (200 mg, 0.92
mmol), triphenyl phosphine (480 mg, 1.83 mmol),
anisole (300 mL) and water (900 mL) were combined and
heated to 800C overnight. Themixture was cooled to
ambient temperature, and isopropyl acetate was added
(1050 mL). The mixture was neutralized with 5N HCl
(150 mL), dissolving the solids. Water was added (600
mL), and the aq phase was removed. The isopropyl
acetate was distilled off at reduced pressure, and
trifluoroacetic acid (410 mL) was added. The mixture
was heated to 500C overnight, then was cooled to
ambient temperature and isopropyl acetate (1500 mL)
was added. The mixture was neutralized with 5N NaOH
1050 mL), then water was added (750 mL), and the
aqueous phase was removed. . The isopropyl acetate was
distilled off at reduced pressure, and then heptane
(900 mL) was added. After an overnight age, the
product was isolated by filtration, with a heptane
(450 mL) wash. After drying, 101 g of material was
recovered, for a purity corrected yield of 91%.
Mandelic Acid Synthesis The procedure used to prepare
the mandelic acid reactant is outlined below: 1.
Charge 2-Chloro-5-fluorophenol ( 1 equiv.) 2. Charge
NaCl (0.86 equiv.) 3. Charge water. 4. Begin
agitation. 5. Charge NaOH (10 N, 1.8 equiv.)
maintaining temp below 40 0C 6. Charge Glyoxylic Acid
( 1.2 equiv.) dropwise maintaining temp below 40 0C 7.
Adjust pH around 8.6. 8. Maintain stirring and
temperature (35 5 0C) for 24 h. 9. Pull sample (HPLC).
IPC: <3% starting material 10. Slowly charge HCl (5 N)
maintaining temp below 40 0C. pH adjust to 5.9. 11.
Cool overnight 12. Stop stirring sample mother liquor.
IPC: <12 mg/mL 13. Filter the white crystalline solid.
14. Wash filter cake with 10% NaCl aq solution. 15.
Dry at 40 0C in a vacuum oven under nitrogen flush to
constant weight. Reduction of Mandelic Acid1. Charge
10.93 g / 1.0 equiv./ of the mandelic acid sodium salt
into the flask, followed by 2.44 g / 0.5 equiv./ of
sodium hypophosphite. 2. Under nitrogen, charge 25 mL
of 50% aq. methanesulfonic acid into the flask at room
temperature. 3. Establish efficient stirring. 4. Heat
the contents of the flask to 95  1.50C. 5. Under
nitrogen, slowly add a solution of 1.023 g / 0.15
equiv./ sodium iodide and 3.655 g / 0.75 equiv./
sodium hypophosphite in 25 mL 50% aq. methanesulfonic
acid. Continue stirring the homogeneous reactor
content at 95  1.50C until conversion reaches > 99%
LCAP product. 6. Stop heating. Slowly cool to 55C over
Ih. 7. Seed at 55C with 50mg. Seed holds. Hold at 55
0C  1.5 0C for at least Ih. 8. Slowly cool to 450C
over Ih, then to 35C over Ih, then to 0-40C over a
period not shorter than 3h (or overnight). Stop
stirring. Draw sample for ML assay (c = 8.8 mg/g). 9.
Filter suspension over glass frit. 10. Use filtrate to
rinse reactor & filter again. Total ML: 67.92 g (53
ml), contains 0.6Og (6.5% yield). 11. Wash filter cake
by applying a single ice cold DI water rinse (10 ml)
(filtrate: 16.459g, contains 123mg (1.3%) product 12.
Dry filter cake at 45-55C to constant weight, delump
after 3-4 h. 13. Determine weight: 8.45 g (89 % corr.
yield; 97.3 wt%) white, crystalline powdery solid,
99.7% LCAP {220 nm}. Aryl Bromide Synthesis vol)
Phenyl acetic acid (1.82 Kg, 8.89mol, 1.1 eq) and
nitrile (1.62 Kg, 8.08mol, l.Oeq) were dissolved in
DMSO (8 L) at 250C. To this solution was added K2CO3
(2.46 Kg, 17.8 mol, 2.2eq) in portions to control off
gassing. The purple slurry was heated to 6O0C and aged
overnight. Upon reaction completion the reaction
mixture was inversely quenched in to a mixture of
(16L) of MTBE, (12.9L) DI water and (3.5L) methane
sulfonic acid slowly. After mixing for 30 minutes the
aqueous layer was removed and the organic layer was
washed with16L of DI water and concentrated to
dryness. MeOH (4 L) was added and the solution
concentrated to dryness twice, until the residual MTBE
was <5% by GC. To the product, MeOH (22 L) and 8.3mL
of methane sulfonic acid were charged, and the batch
was heated to 63 0C over 15 hours, until 99%
conversion. The reaction was cooled by ramping to 20
0C and the resulting suspension was filtered and
washed with MeOH (2 x 3L). The solid cake was dried
under N2 to provide 74% yield with 101 .8wt% potency
and 99.5A% purity. Chloroisomer content was 2.16A%. A
second recrystallization using 23.6L of MeOH and
heating to 68 0C obtained the desired product in 67%
with 100wt% potency, 99.7A% purity and 0.74A%
chloroisomer content. Recrystallization process was
repeated until <0.5A% of chloroisomer content was
achieved. Pd-Catalyzed Sulfonamide Coupling 2330.9 g
of methyl
2-(4-(2-bromo-4-cyanophenoxy)-5-chloro-2-fluorophenyl)
acetate, 1490.3 g of 2-chloro-4-cyclopropyl-
benzenesulfonamide, 47.0 g of tBu X-Phos, 4513.1 g of
cesium carbonate, and 38.3 g of Pd2dba3*CHCl3 were
charged to the IOOL reactor. The reactor was purged
once by evacuating it to 3 psia and then back up to
atmospheric with N2. 23 L of toluene were charged to
the reactor and the vessel was again vacuum purged to
5 psia. The reactor jacket was set to 85C and agitated
at 350 rpm overnight. At ~16 hours of elapsed reaction
time, a sample analyzed for reaction completion
confirmed 0.88% aryl bromide starting material. 6L of
purified water was charged to the reactor and another
6L charged to the 50 L portable reactor. The reactor
contents were then transferred into the 5OL portable.
A 3L portion of toluene was used to rinse the reactor
and was flushed forward into the portable reactor.
6455 mL of 5N HCl were charged to the reactor over 1
hr 10 min; this rate was bounded by CO2 evolution. The
batch was stirred for 1 hr and a sample taken for pH
confirmed pH < 1. Agitation was halted for phase
separation, and solids were visible precipitating out
of the organic. 2.3 L of HCl were charged and the
batch was agitated in an effort to dissolve the
solids, but upon halting mixing they were still
visible. 2.3 L of MTBE were charged, the batch was
stirred, and when agitation was halted the batch phase
split cleanly. In order to remove palladium from the
endl product 547.6 g of Silicycle(r) Si-Thiourea
silica gel were charged to the reactor and agitated
overnight. The batch was then filtered over a 5um
polypropylene filter cloth with 2kg of celite 521 in
order to remove the Silicycle(r). 8.75 L of toluene
were used to rinse the portable reactor and cake bed.
The filtrate was charged back into the 50 L portable
reactor and agitated overnight with an additional
255.4 g of Silicycle(r). The batch was then filtered
over the same celite bed, and an 8L toluene wash was
flushed fromthe reactor forward through the filter. An
additional 2L wash was used to clear the 5OL vessel.
Sample analysis confirmed a palladium level of 13 ppm.
Ritter Reaction To 3358g of the benzonitrile starting
material (6. 1 mol, 1.0 equiv) in toluene (9 L) at
45-50 0C, methanesulfonic acid (397 ml) was added
followed by tert-butylacetate (8.24 L). The reaction
was maintained at 45 0C. After 2 h, additional MsOH
(0.177 L) and tBuOAc (1.84L) were added and the
reaction was stirred until 97% conversion was reached.
The reaction was diluted with toluene (13.43 L),
cooled to 25 0C, washed with sodium phosphate dibasic
IM aq. solution (2 x 4.5 vol, 15 L) and water ( 1 x 15
L). The solution was heated to 45-50 0C and
concentrated to 5 vol. under reduced pressure.
Additional toluene was added to readjust to 7.4 vol.
(24.85L). The solution was heated to 60 0C and
n-heptane (6.21 L = 1.85 vol). The solution was seeded
with Ig and slowly cooled to 20 0C over a period of 4h
or overnight. The toluene/heptane ratio was adjusted
to 65:35 by slowly charging n-heptane (7.17 L). The
suspension was filtered to isolate white, cryst.
solid. The filter cake was washed with
n-heptane-toluene 35:65 (2 vol, 6.7 L) and n-heptane
(2 vol, 6.7 L) at r.t. and dried at r.t. under
nitrogen flush to constant weight to give 2.68 kg of
Ritter product, 77%, 97 LCAP, 0.84 LCAP Cl-isomer, 9
ppm Pd. Hydrolysis To a slurry of the methyl ester
starting material ( 1139 g, 1 equiv.) in ethanol (10.3
L) and water (2.9 L), ION NaOH (455 mL, 2.5 equiv.)
was charged. After 100% conversion was reached the
solution was polish filtered. The solution was heated
to 60 C and citric acid ( 1.29 M, 3.6 L, 2.5 equiv.)
was added. The solution was seeded with 62 g product
and water (4.5 L) was charged slowly and mixture was
cooled to RT. The product was isolated by filtration,
washed with 1:1 ethanol/water (2.3 L), followed by
water (4.5 L). The product was dried at 40 0C in a
vacuum oven l,048.5g of title compound, 88.5% yield.
Polymorphs Example compound 14 exists in at least six
different physical forms. Anhydrous Form II free acid
is the preferred embodiment. Form II is isolated from
the hydrolysis of the methyl ester precursor of
compound starting material according to the following
procedure: Form II Slurry of the methyl ester starting
material in ( 1139 g, 1 equiv.) in ethanol (10.3 L),
water (2.9 L), ION NaOH (455 mL, 2.5 equiv.). After
100% conversion was reached the solution was polish
filtered. The solution was heated to 60 C and citric
acid (1.29 M, 3.6 L, 2.5 equiv.) was added. The
solution was seeded with 62 g product and water (4.5
L) was charged slowly and mixture was cooled to RT.
The product was isolated by filtration, washed with
1:1ethanol/water (2.3 L), and followed by water (4.5
L). The product was dried at 40 0C in a vacuum oven
l,048.5g of Form p , 88.5% yield. Form p anhydrous
(Form II product of previous procedure, dissolved in
7.8 vol of EtOH at 60 0C. Added water as antisolvent,
Seeded at 65% EtOH, Continued adding water until 50%
EtOH at RT, Cooled, Filtered 104.7 g isolated - 96%.
Form II is anhydrous and non hygroscopic form. The
form has a single thermal transistion when analysed
using Differential Scanning Calorimetry (DSC) with
heating at 10 0C per minute (Figure #). The single
thermal transition is an endothermic transition with a
peak temperature around 203 0C. Form II is crystalline
by x-ray powder diffraction. The X-Ray Powder
Diffraction Spectra, and DSC thermogram for Form II,
are illustrated in Figures 8 and 14 respectively.
Forms I, III, IV, V and VI were prepared as follows
Form I anhydrous adding Heptane as anti-solvent to an
IPA saturated solution of form II 



anyhydrous. The X-Ray Powder Diffraction Spectra, and
DSC thermogram for Form I, are illustrated in Figures
7 and 13 respectively. Form III anhydrous: Form II
anhydrous was generated via crash out by concentration
of solvent after chromatography. The X-Ray Powder
Diffraction Spectra, and DSC thermogram for Form III,
are illustrated in Figures 9 and 15 respectively. Form
IV monohydrate (3.5 eq LiOH hydrate in 50 mL MeOH/20
mL water was added to methyl ester precursor of
compound 14 and stirred at rt. Hydrolysis was complete
in 1 h (HPLC). The solution was dropped in slowly to
20% (w/v) citric acid (28 mL) at 5 0C. Solid
precipitates were stirred for 1 h at 0-5C, filtered,
washed with water, and dried in vac. oven at 40oC,
very high water cone on crystallization. The X-Ray
Powder Diffraction Spectra, and DSC thermogram for
Form VI, are illustrated in Figures 10 and 16
respectively. Form V Ethanol solvate: cooling of the
saturated solution of anhydrous Form II in EtOH:water
(1:1) from 55C to RT. The X-Ray Powder Diffraction
Spectra, and DSC thermogram for FormV, are illustrated
in Figures 11 and 17 respectively.Form VI monohydrate
: Dissolved form II anyhydrous in EtOH (10 vol) using
heat. Cooled and added water in single portion, highly
saturated. The X-Ray Powder Diffraction Spectra, and
DSC thermogram for Form I, are illustrated in Figures
12 and 18 respectively. Raman and Near IR data for
polymorph Forms I through VI of Example Compound 14
are set forth in the tables provided below:
Characteristic Peaks of Compound 14 polymorphs by NIR
(Resolution 4 cm 1, diffusion reflectance mode,
Antaris(tm), Near-IR Analyzer, Nicolet) Polymorph
Region 1, cm 1 Region 2, cm 1 Form 1 6760s 6413m,b
4978s 4942s Form 2 6739s 6432m, b 4969s 4935m Form 3
6691s 6466m, b 4944s 4912m,sh Form 4 6996m 6720m 6493w
5220s 5111w 4971m 4935m,sh Form 5 7083m,b 6619m,b
6502m 5254m 4919m Form 6 7085m 6683m, sh 6627m 5249s
5075w 4919sCharacteristic Peaks of Compound 14
polymorphs by Raman (Resolution 13 cm-1 Millennia Hi
Nd:YAG laser at 532 nm, Falcon II, Chemlmage) Form 1
3453w 3091m 1737w 1314s 3263w 3075m 1623m 1258m 3035m
1604m 1218m 3017m 1591s 3000m 2967m 2950m 2927m Form 2
3444w 3098m 1737w 1314s 3275w 3088m 1641m 1258m 3077m
1618m,sh 1217m 3063m 1606s 3011m 1589s 2978m 1531w
2965m, sh 2926m Form 3 341 9w 3079m 1623m 1319m 3065m,
sh 1607m 1258m 3005m 1589s 1225m 2977m 1533w 2933m
Form 4 3427w 3086m 1619s 1326m 3065m 1607s 1269m 3014m
1596s 1222m 2997m 1546w 2925m 2888w Form 5 3379w 3079m
1719w 1322s 3009m 1616s,sh 1260m 2978m 1607s 1222m
2929m 1591s 1544w Form 6 3379w 3079m 1719w 1322s 3008m
1617s, sh 1260m 2978m 1607s 1222m 2929m 1591s 1544w s
= strong, m = medium, w = weak, sh = shoulder, b =
broadEXAMPLE 15
2-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-(trifluoro
methyl)phenylsulfonamido)phenoxy)-5-
chloro-2-fluorophenyl)acetic acid (F). C.4 F.I
tert-butyl
2-(4-(4-(tert-butylcarbamoyl)-2-(2-chloro-4-
(trifluoromethyl)phenylsulfonamido)
phenoxy)-5-chloro-2-fluorophenyl)acetate (F.I).
Sulfonylation of the aniline C.4 was carried out
according to the method of Example C (Scheme C.5).
Ester F.I was obtained as a light yellow glassy solid.
LC-MS ESI (pos.) m/e: 693.1 (M+H).
F.I2-(4-(4-(tert-butyIcarbamoyl)-2-(2-chloro-4-
(trifluoromethyl)phenylsulfonamido)phenoxy)-5-chloro-2
-fluorophenyl)acetic acid (F). Hydrolysis of the
tert-butyl ester was carried out according to the
method of Example C (Scheme C.6). Acid F was obtained
as a colorless solid in 72% yield. LC-MS ESI (neg.)
m/e: 651.0 (M-H). 1H NMR (500 MHz) ( -DMSO) d 12.58
(br s, IH); 10.60 (br s, IH); 8.02 (d, J=8.0 Hz, IH);
7.94 (d, J=I. 2 Hz, IH); 7.90 (d, J=2.2 Hz, IH); 7.83
(s, IH); 7.75 (dd, J=I. 2, 8.3 Hz, IH); 7.67 (dd,
J=2.2, 8.6 Hz, IH); 7.53 (d, J=10.2 Hz, IH); 6.73 (d,
J=7.6 Hz, IH); 6.41 (d, J=10.2 Hz, IH); 3.61 (s, 2H);
1.38 (s, 9H). BIOLOGICAL TESTING Human CRTH2 binding
assay Full-length human CRTH2 cDNA was generated by
polymerase chain reaction (PCR) using human genomic
DNA as template and subsequently cloned into pCDNA3
.1(+) (Invitrogen), generating a CRTH2 expression
plasmid pHLT124. The plasmid was transfected into 293
cells, which normally express CRTH2, using
LipofectAMINETM reagents (Gibco/BRL). G418 (800mg/mL)
was added to the culture 48 h after transfection and
cells were maintained under selection for 3 weeks to
ensure that all surviving cells stably expressed
CRTH2. These cells are labeled as 293(1 24) hereafter.
3H-PGD2 binding assay was performed using 293(124)
cells. In brief, cells were washed and suspended in
RPMI containing 0.5% BSA and 2OmM HEPES. Each assay
contained 25,000 cells, appropriate amount of test
compound when necessary and a mixture of InM 3H-PGD2
(Amersham Pharmacia Biotech) and 3OnM of unlabeled PGD
(Cayman Chemicals) in 200 mL final volume. The cell
mixture was incubated at room temperature for 2.5 h
with shaking and the cells were separated from free
3H-PGD2 and transferred onto a filter plate using a
cell harvester. Radioactivity bound to the cells was
measured on a liquid scintillation counter.
Nonspecific binding was determined in the presence of
1OmM of unlabeled PGD2. Modulation of CRTH2 and/or one
or more other PGD2 receptors by test compounds can be
assessed by other in vitro and in vivo assays.
Examples of such assays include measuring second
messenger (e.g., cAMP, IP3 or Ca2+) levels, ion flux,
phosphorylation levels, transcription levels, and the
like. Recombinant or naturally occurring CRTH2
polypeptides and/or other PGD2 receptor peptides can
be used and the protein can be isolated, expressed in
a cell, expressed in a membrane derived from a cell,
expressed in tissue or in an animal. Signal
transduction can also be examined in vitro with
soluble or solid state reactions, using achimeric
molecule such as an extracellular domain of a receptor
covalently linked to a heterologous signal
transduction domain, or a heterologous extracellular
domain covalently linked to the transmembrane and/or
cytoplasmic domain of a receptor. Gene amplification
can also be examined. Furthermore, ligand-binding
domains of the protein of interest can be used in
vitro in soluble or solid state reactions to assay for
ligand binding. CRTH2-G-protein or another PGD2
receptor-G-protein interactions can also be examined,
by, for example, analysis of binding of the G-protein
to the receptor or its release from the receptor. The
compounds exemplified herein have been tested for both
CRTH2 and DP activity, and the measured IC50 values
are provided below in TABLE 1. The corresponding
activities of AMG 009, as well as the closest
compounds exemplified in WO 04/058164 are also
provided below in REFERENCE TABLE 2 for purposes of
comparison. As can be readily seen, the compounds of
the present invention are significantly more potent DP
inhibitors (especially in plasma and/or whole blood)
than AMG 009 and the other prior art compounds. At the
same time the compounds of the present invention
either maintain or improve upon the CRTH2 activity
found in the prior art compounds-resulting in a
significant improvement of the balance between CRTH2
activity and DP activity. TABLE lFUSED PYRIDINE,
PYRIMIDINE AND TRIAZINE COMPOUNDS AS CELL CYCLE
INHD3ITORS FIELD OF THE INVENTION This invention is in
the field of pharmaceutical agents and specifically
relates to compounds, compositions, uses and methods
for treating cancer. BACKGROUND OF THE INVENTION
Cyclin-dependent kinases (Cdks) are a family of
serine/ threonine protein kinases playing important
cellular functions. The cyclins are the regulatory
subunits that activate the catalytic Cdks. Cdkl/Cyclin
Bl , Cdk2/Cyclin A, Cdk2/Cyclin E, Cdk4/Cyclin D,
Cdk6/Cyclin D are critical regulators of cell cycle
progression. Cdks also regulate transcription, DNA
repair, differentiation, senescence and apoptosis
(Morgan D.O., Annu. Rev. Cell. Dev. Biol. 1997;
13:261-291). Small molecule inhibitors of Cdks have
been developed to treat cancer (de Career G et al.,
Curr Med Chem. 2007; 14:969-85). Large amount of
genetic evidence support that Cdks play critical roles
in the development of most human cancers (Malumbres M.
et al, Nature Rev Cancer, 2001; 1:222-231). Genetic
alterations in Cdks, their substrates or regulators
have been shown to be associated with human cancer.
Endogenous protein inhibitors of Cdks including pi 6,
p21 and p27 inhibit Cdk activity and their
overexpression result in cell cycle arrest and
inhibition of tumor growth in preclinical models (Kamb
A., Curr. Top. Microbiolo. Immunol., 1998;
227:139-148). Small molecule inhibitors of Cdks may
also be used to treat variety of other diseases that
result from aberrant cell proliferation, including
cardiovascular disorders, renal diseases, certain
infectious diseases and autoimmune diseases. Cell
proliferation regulatory pathways including genes
involved in 



the cell cycle Gl and S phase checkpoint (p53, pRb,
pl5, pl6, and Cyclins A, D, E, Cdk 2 and Cdk4) have
been associated with plaque progression, stenosis and
restenosis after angioplasty. Overexpression of the
Cdk inhibitor protein p21 has been shown to inhibit
vascular smooth muscle proliferation and intimal
hyperplasia following angioplasty (Chang M.W. et al.,
J. CHn. Invest, 1995; 96:2260; Yang Z-Y. et al., Proc.
Natl. Acad. Sci. (USA) 1996; 93:9905). A small
molecule Cdk2 inhibitor CVT-3 13 (Ki = 95 nM) was
shown to cause in significant inhibition of neointima
formation in animal models (Brooks E.E. et al., J.
Biol. Chem. 1997; 272:29207-2921 1). Disregulation of
cell cycle has been associated with polycystic kidney
diseases, which are characterized by the growth of
fluidfilled cysts in renal tubules. Treatment with
small molecule inhibitors of Cdks yielded effective
arrest of cystic disease in mouse models (Bukanov N.
O., et al., Nature, 2006; 4444:949-952). Infection by
a variety of infectious agents, including fungi,
protozoan parasites such as Plasmodium falciparum, and
DNA and RNA viruses may be treated with Cdk
inhibitors. Cdks have been shown to be required for
replication of herpes simplex virus (HSV) (Schang L.M.
et al., J. Virol. 1998; 72:5626). Cdks are essential
proteins in yeast. Synovial tissue hyperplasia plays
important roles in the development ofrheumatoid
arthritis; inhibition of synovial tissue proliferation
may suppress inflammation and prevent joint
destruction. It has been shown that over-expression of
Cdk inhibitor protein pi 6 inhibited synovial
fibroblast growth (Taniguchi K. et al., Nat. Med.
1999; 5:760-767) and joint swelling was substantially
inhibited in animal arthritis models. Selective
inhibitors of some Cdks may also be used to protect
normal untransformed cells by inhibiting specific
phases of cell cycle progression (Chen et al. . Natl.
Cancer Institute, 2000; 92:1999- 2008). Pre-treatment
with a selective Cdk inhibitor prior to the use of a
cytotoxic agent that inhibits a different phase of the
cell cycle may reduce the side effects associated with
the cytotoxic chemotherapy and possibly increase the
therapeutic widow. It has been shown that induction of
cellular protein inhibitors of Cdks (pl6, p27 and p21)
conferred strong resistance to paclitaxel- or
cisplatin-mediated cytotoxicity on the
inhibitor-responsive cells but not on the
inhibitor-unresponsive cells (Schmidt, M, Oncogene,
2001 20:6164-71). DESCRIPTION OF THE INVENTION A class
of compounds useful in treating cancer is defined by
the following Formula I or II A compound of Formula I
or II enantiomers, diastereomers, salts and solvates
thereof wherein W and X are independently CH or N; A1
and A2 together with ring carbon atoms to which they
are attached combine to form benzene, cyclopentadiene,
pyridine, pyridone, pyrimidine, pyrazine, pyridazine,
2H-pyran, pyrrole, imidazole, pyrazole, triazole,
furan, oxazole, isoxazole, oxadiazole, thiophene,
thiazole, isothiazole or thiadiazoleany of which may
be optionally partially saturated, and any of which
may be optionally independently substituted with one
or more Rx groups as allowed by valance; B1 and B2
together with the ring atoms to which they are
attached combine to form dihydropyridine,
dihydropyridone, dihydropyrimidine, dihydropyrimidone,
dihydropyrazine, dihyrdopyridazine, pyrrole,
imidazole, pyrazole, triazole, or tetrazole any of
which may be optionally partially saturated, and any
of which may be optionally independently substituted
with one or more Rx groups as allowed by valance; R1
is -Y-(alkylene) m-Ra; Y is alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, heterocyclo, aryl or
heteroaryl any of which may be optionally
independently substituted with one or more R groups as
allowed by valance; Ra is heterocyclo, heteroaryl,
-NR3R4, -C(=O)NR3R4; -O-R5, -S(O)n-R5, or -S(O)n-NR3R4
any of which may be optionally independently
substituted with one or more R groups as allowed by
valance, and wherein two Rx groups bound to the same
or adjacent atom may optionally combine to form a
ring; R2 is alkyl, cycloalkyl, heterocyclo, aryl,
-S(O)nR5, -C(=O)R5, -C(=S)R5, -C(=O)OR5, -C(=S)OR5,
-C(O)NR 3R4, -C(=S)NR3R4, -SO2NR3R4, any of which may
be optionally independently substituted with one or
more Rx groups as allowed by valance; R3 and R4 at
each occurance are independently (i) hydrogen or (ii)
alkyl, cycloalkyl, heterocyclo, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkyl, arylalkyl, or
heteroarylalkyl any of which may be optionally
independently substituted with one or more Rx groups
as allowed by valance, and wherein two Rx groups bound
to the same or adjacent atom may optionally combine to
form a ring; or R3 and R4 together with the nitrogen
atom to which they are attached may combine to form a
heterocyclo ring optionally independently substituted
with one or more R" groups as allowed by valance, and
wherein two Rx groups bound to the same or adjacent
atom may optionally combine to form a ring; R3* and
R4* at each occurance are independently (i) hydrogen
or (ii) alkyl, alkenyl, alkynyl cycloalkyl,
heterocyclo, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkyl, arylalkyl, or heteroarylalkyl any of
which may be optionally independently substituted with
one or more Rx groups as allowed by valance; or R3*
and R4* together with the nitrogen atom to which they
are attached may combine to form a heterocyclo ring
optionally independently substituted with one or more
Rx groups as allowed by valance; R5 and R5* at each
occurance is (i) hydrogen or(ii) alkyl, alkenyl,
alkynyl cycloalkyl, heterocyclo, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkyl, arylalkyl, or
heteroarylalkyl any of which may be optionally
independently substituted with one or more R" groups
as allowed by valance; R" at each occurrence is
independently, halo, cyano, nitro, oxo, alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl,
-(alkylene)ra -OR5, -(alkylene)m-S(O)nR5, -(alkykne)
m-NR3R4, -(alkylene)ra -C(=O)R5, -(alkylene)m-C(=S)R5,
-(alkylene)m-C(=O)OR5, -(alkylene)m-OC(=O)R5,
-(alkylene)ro -C(=S)OR5, -(alkylene) m-C(=O)NR3R4,
-(alkylene)m-C(=S)NR3R4, -(alkylene) ra
-N(R3)C(=O)NR3R4, -(alkylene)ra -N(R3)C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)R5, -(alkylene)m-N(R3)C(=S)R 5,
-(alkylene)m-OC(=O)NR3R4, -(alkylene)m-OC(=S)NR3R4,
-(alkylene)m-SO2NR3R4, -(alkylene)m-N(R3)SO2R5,
-(alkylene)m-N(R3)SO2NR3R4, -(alkylene)m-N(R3)C(=O)OR
5 -(alkylene)m-N(R3)C(=S)OR 5, or
-(alkylene)m-N(R3)SO2R5; wherein said alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene)m-CN, -(alkylene)m-OR5 ,
-(alkylene)m-S(O)nR5*, -(alkylene)ra -NR3*R4*,
-(alkylene)m-C(=O)R5*, -(alkylene) ra -C(=S)R5*,
-(alkylene) ra -C(=O)O R5*, -(alkylene)m-OC(=O)R5*,
-(alkylene)m-C(=S)OR5*, -(alkylene) m-C(=O)NR3*R4*,
-(alkylene)m-C(=S)NR3*R4*, -(alkylene) ra
-N(R3*)C(=O)NR3*R4*, -(alkylene)m-N(R3*)C(=S)NR3*R4*,
-(alkylene)m-N(R3*)C(=O)R5 ,
-(alkylene)m-N(R3*)C(=S)R5*, -(alkylene)m-OC(=O)NR 3
R4*, -(alkylene)m-OC(=S)NR3*R4*,
-(alkylene)m-SO2NR3*R4*, -(alkylene) ra -N(R3*)SO2R5 ,
-(alkylene) ra -N(R3*)SO2NR3*R4*, -(alkylene) ra
-N(R3*)C(=O)OR5*, -(alkylene)m-N(R3*)C(=S)OR5*, or
-(alkylene)m-N(R3*)SO2R5*; n is independently 0, 1 or
2; and m is independently 0 or 1. Compounds of this
invention are selective inhibitors of cyclin dependent
kinase Cdk4, which is to say that they inhibit Cdk4
with higher potency than they inhibit tyrosine kinases
and other serinethreonine kinases including other
cyclin-dependent kinases such as Cdkl . Cdk6 is
structurally and functionally similar to Cdk4.
Compounds of the present invention also inhibit Cdk6
at similar concentrations to those to inhibit Cdk4.
Preferred embodiments of the present invention are
compounds of the formula 1 inhibit Cdk4 at least about
100-fold more potently than they inhibit Cdkl . The
compounds of the present invention are useful for
treating cancer including leukemia and solid cancer of
the lung, breast, prostate, and skin such as melanoma,
and other diseases with abnormal cell proliferation
including but not limited to psoriasis, HSV, HTV,
restenosis, and atherosclerosis.Preferred compounds
within the scope of Formula I include compounds
wherein A1 and A2 together with the ring atoms to
which they are attached combine to form, andPreferred
compounds within the scope of Formula II include
compounds wherein B1 and B2 together with the ring
atoms to which they are attached combine to
formPreferred compounds within the scope of Formula I
and II include compounds where Y is cyclopentyl,
cyclohexyl, piperidinyl, piperazinyl, phenyl,
pyridinyl, pyrimidinyl, cyclopentadienyl, pyrrolyl,
imidazolyl, oxazolyl or thiazolyl. Preferred compounds
within the scope of Formula I and II further include
compounds where R1 is selected from andPreferred
compounds within the scope of Formula I and II further
include comounds where Ra is selected from (a) -OR 5
or -S(O)JR.5 where R5 is alkyl optionally
independently substituted with one or more -OR 5*,
or-NR 3*R4*; (b) -C(O)NR 3R4 Or-NR 3R4 where R3 and R4
are independently alkyl optionally independently
substituted with one or more -OR 5*, or -NR 3*R4*; or
R3 and R4 together with the nitrogen atom to which
they are attached combine to form Preferred compounds
within the scope of Formula I and II further include
compounds where R2 is Preferred compounds within the
scope of Formula I include compounds of the following
formula IAwherein R" is at each occurrence is
independently, halo, cyano, nitro, oxo, alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl,
-(alkylene)m-OR5, -(alkylene)m-S(O)nR5,
-(alkylene)m-NR3R4, -(alkylene)m-C(=O)R5,
-(alkylene)m-C(=S)R5, -(alkylene)m-C(=O)OR5,
-(alkylene)m-OC(=O)R5, -(alkylene)m-C(=S)OR5,
-(alkylene) m-C(=O)NR3R4, -(alkylene)m-C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)NR3R4,
-(alkylene)m-N(R3)C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)R5, -(alkylene)m-N(R3)C(=S)R5,
-(alkylene)m-OC(=O)NR3R4, -(alkylene)m-OC(=S)NR3R4,
-(alkylene)m-SO2NR3R4, -(alkylene)m-N(R3)SO2R5,
-(alkylene)m-N(R3)SO2NR3R4,
-(alkylene)m-N(R3)C(=O)OR5,
-(alkylene)m-N(R3)C(=S)OR5, or
-(alkylene)m-N(R3)SO2R5; wherein said alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene)m-OR5*, -(alkylene)m-S(O)nR5*,
-(alkylene)m-NR3*R4*, -(alkylene)m-C(=O)R5*,
-(alkylene)ra -C(=S)R5*, -(alkylene)m-C(=O)O R5*,
-(alkylene)m-OC(=O)R5*, -(alkylene)m-C(=S)OR5*,
-(alkylene) m-C(=O)NR3*R4* -(alkylene)m-C(=S)NR3*R4*,
-(alkylene)m-N(R3*)C(=O)NR3*R4*,
-(alkylene)m-N(R3*)C(=S)NR3*R4*,
-(alkylene)m-N(R3*)C(=O)R5*,
-(alkylene)m-N(R3*)C(=S)R5*,
-(alkylene)m-OC(=O)NR3*R4*,
-(alkylene)m-OC(=S)NR3*R4*, -(alkylene)m-SO2NR3 R4*,
-(alkylene)m-N(R3*)SO2R5*,
-(alkylene)m-N(R3*)SO2NR3*R4*,
-(alkylene)m-N(R3*)C(=O)OR5*,
-(alkylene)m-N(R3*)C(=S)OR5*, or -(alkylene)ra
-N(R3*)SO2R5*; m is 0 or 1 ; and p is zero to three.
Preferred compounds within the scope of Formula IA
include compounds having any of the 



preferred Y, R1, Ra and/or R2 substituents previously
listed above. Preferred compounds within the scope of
Formula I include compounds having the following
Formula IBwherein R is at each occurrence is
independently, halo, cyano, nitro, oxo, alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl,
-(alkylene)m-OR5, -(alkylene)m-S(O)nR5, -(alkykne)
m-NR3R4, -(alkylene)m-C(=O)R5, -(alkylene)m-C(=S)R5,
-(alkylene)m-C(=O)OR3, -(alkylene)m-OC(=O)R5,
-(alkylene)ra -C(=S)OR5, -{alkylene) m-C(=O)NR3R4,
-(alkylene)m-C(=S)NR3R4, -(alkylene)m-N(R3)C(=O)NR3R4,
-(alkylene)m-N(R3)C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)R3, -(alkylene)m-N(R3)C(=S)R5,
-(alkylene)m-OC(=O)NR3R4, -(alkylene)m-OC(=S)NR3R4,
-(alkylene)m-SO2NR3R4, -(alkylene)m-N(R3)SO2R5,
-(alkylene)m-N(R3)SO2NR3R4, -(alkylene)ra
-N(R3)C(=O)OR5, -(alkylene)m-N(R3)C(=S)OR5, or
-(alkylene)ra -N(R3)SO2R5; wherein said alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene)m-OR5*, -(alkylene)m-S(O)nR5*,
-(alkylene)m-NR3*R4*, -(alkylene)ra -C(=O)R5*,
-(alkylene)m-C(=S)R5*, -(alkylene)m-C(=O)O R5*,
-(alkylene)ra -OC(=O)R5*, -(alkylene)ra -C(=S)OR5*,
-(alkylene) m-C(=O)NR3*R4*, -(alkylene)ra -C(=S)NR3*R4
, -(alkylene)m-N(R3*)C(=O)NR3*R4*, -(alkylene)ra
-N(R3*)C(=S)NR3*R4*, -(alkylene)m-N(R3*)C(=O)R5*,
-(alkylene)ra -N(R3*)C(=S)R5*,
-(alkylene)m-OC(=O)NR3*R4*, -(alkylene)ra
-OC(=S)NR3*R4*, -(alkylene)ra -SO2NR3*R4*,
-(alkylene)m-N(R3*)SO2R5*,
-(alkylene)m-N(R3*)SO2NR3*R4*, -(alkylene)ra
-N(R3*)C(=O)OR5*, -(alkylene)ra -N(R3*)C(=S)OR5*, or
-(alkylene)m-N(R3*)SO2R5*; m is 0 or 1 ; and q is zero
to two. Preferred compounds within the scope of
Formula IB include compounds having any of the
preferred Y, R1, Ra and/or R2 substituents previously
listed above. Preferred compounds within the scope of
Formula I include compounds having the following
Formula ICwherein R is at each occurrence is
independently, halo, cyano, nitro, oxo, alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl,
-(alkylene)ra -OR5, -(alkylene)ra -S(O)nR5,
-(alkylene)m-NR3R4, -(alkylene)m-C(=O)R5,
-(alkylene)m-C(=S)R5, -(alkylene)ra -C(=O)OR5,
-(alkylene)m-OC(=O)R5, -(alkylene)m-C(=S)OR5,
-<alkylene) II1-C(=O)NR R4, -(alkylene)ra -C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)NR3R4,
-(alkylene)m-N(R3)C(=S)NR3R4, -(alkylene)ra
-N(R3)C(=O)R5, -(alkylene)m-N(R3)C(=S)R5,
-(alkylene)m-OC(=O)NR3R4, -(alkylene)m-OC(=S)NR3R4,
-(alkylene)m-SO2NR3R4, -(alkylene)m-N(R3)SO2R5,
-(alkylene)m-N(R3)SO2NR3R4,
-(alkylene)m-N(R3)C(=O)OR5,
-(alkylene)m-N(R3)C(=S)OR5, or
-(alkylene)m-N(R3)SO2R5; wherein said alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene)m-OR5*, -(alkylene)m-S(O)nR5*,
-(alkylene)m-NR3*R4*, -(alkylene)m-C(=O)R5*,
-(alkylene)m-C(=S)R5*, -(alkylene)m-C(=O)O R5*,
-(alkylene)m-OC(=O)R5*, -(alkylene)ra -C(=S)OR5*,
-(alkylene) m-C(=O)NR3*R4*, -(alkylene)m-C(=S)NR3*R4*,
-(alkylene)m-N(R3*)C(=O)NR3*R4*,
-(alkylene)m-N(R3*)C(=S)NR3*R4*,
-(alkylene)m-N(R3*)C(=O)R5 ,
-(alkylene)m-N(R3*)C(=S)R5*, -(alkylene)m-0C(O)NR
3*R4*, -(alkylene)m-OC(=S)NR3*R4*,
-(alkylene)m-SO2NR3*R4*, -(alkylene)ra -N(R3*)SO2R5*,
-(alkylene)m-N(R3*)SO2NR3 R4*, -(alkylene)ra
-N(R3*)C(=O)OR5*, -(alkylene)m-N(R3*)C(=S)OR5*, or
-(alkylene)m-N(R3*)SO2R5*; m is 0 or 1 ; and q is zero
to two. Preferred compounds within the scope of
Formula IC include compounds having any of the
preferred Y, R1, Ra and/or R2 substituents previously
listed above. Preferred compounds within the scope of
Formula I include compounds having the following
Formula IDwherein R is at each occurrence is
independently, halo, cyano, nitro, oxo, alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl.
-(alkylene)m-OR5, -(alkylene)m-S(O)nR5,
-(alkylene)m-NR3R4, -(alkylene)m-C(=O)R5,
-(alkylene)m-C(=S)R , -(alkylene)m-C(=O)OR5,
-(alkylene)m-OC(=O)R5, -(alkylene)m-C(=S)OR5,
-(alkylene) m-C(=O)NR3R4, -(alkylene)m-C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)NR3R4 J
-(alkylene)m-N(R3)C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)R5, -(alkylene)m-N(R3)C(=S)R5,
-(alkylene)m-OC(=O)NR3R4, -(alkylene)m-OC(=S)NR3R4,
-(alkylene)m-SO2NR3R4, -(alkylene)m-N(R3)SO2R5, or
-(alkylene)m-N(R3)SO2R5; wherein said alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene)m-OR5*, -(alkylene)m-S(O)nR5*,
-(alkylene)m-NR3*R4*, -(alkylene)m-C(=O)R5*,
-(alkylene)m-C(=S)R5*, -(alkylene)m-C(=O)O R5*,
-(alkylene)m-OC(=O)R5*, -(alkylene)m-C(=S)OR5*,
-(alkylene) ra -C(=O)NR3*R4*,
-(alkylene)m-C(=S)NR3*R4*,
-(alkylene)m-N(R3*)C(=O)NR3*R4 ,
-(alkylene)m-N(R3*)C(=S)NR3 R4 , -(alkylene)ra
-N(R3*)C(=O)R5*, -(alkylene)m-N(R3*)C(=S)R5*,
-(alkylene)m-OC(=O)NR3*R4*,
-(alkylene)m-OC(=S)NR3*R4*, -(alkylene)m-SO2NR3*R4*,
-(alkylene)m-N(R3*)SO2R5*,
-(alkylene)m-N(R3*)SO2NR3*R4*,
-(alkylene)m-N(R3*)C(=O)OR5 ,
-(alkylene)m-N(R3*)C(=S)OR5*, or
-(alkylene)m-N(R3*)SO2R5 ; m is 0 or 1 ; and q is zero
to two. Preferred compounds within the scope of
Formula ED include compounds having any of the
preferred Y, R1, Ra and/or R2 substituents previously
listed above. Preferred compounds within the scope of
Formula I include compounds having the following
Formula EEwherein R is at each occurrence is
independently, halo, cyano, nitro, oxo, alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, heterocycloalkyl,
-(alkylene)m-OR5, -(alkylene)m-S(O)nR5,
-(alkylene)m-NR3R4, -(alkylene)m-C(=O)R5,
-(alkylene)m-C(=S)R5, -(alkylene)m-C(=O)OR5,
-(alkylene)m-OC(=O)R5, -(alkylene)m-C(=S)OR5,
-(alkylene) in-C(=O)NR3R4, -(alkylene)m-C(=S)NR3R4,
-(alkylene)m-N(R3)C(=O)NR3R4,
-(alkylene)m-N(R3)C(=S)NR3R4
-(alkylene)m-N(R3)C(=O)R5, -(alkylene)m-N(R3)C(=S)R5,
-(alkylene)ra -OC(=O)NR3R4, -(alkylene)m-OC(=S)NR3R4,
-(alkylene)m-SO2NR3R4, -(alkylene)m-N(R3)SO2R5,
-(alkylene)m-N(R3)SO2NR3R4, -(alkylene)ra
-N(R3)C(=O)OR5, -(alkylene)m-N(R3)C(=S)OR5, or
-(alkylene)m-N(R3)SO2R5; wherein said alkyl,
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene)m-OR5*, -(alkylene)m-S(O)nR5*,
-(alkylene)m-NR3*R4*, -(alkylene)m-C(=O)R5*,
-(alkylene)m-C(=S)R5 , -(alkylene)ra -C(=O)O R5*,
-(alkylene)m-OC(=O)R5*, -(alkylene)m-C(=S)OR5*,
-(alkylene) in-C(=O)NR3*R4 ,
-(alkylene)m-C(=S)NR3*R4*, -(alkylene)m-N(R3*)C(=O)NR3
R4*, -(alkylene)m-N(R3*)C(=S)NR3*R4 ,
-(alkylene)m-N(R3*)C(=O)R5
-(alkylene)p,-N(R3*)C(=S)R5*, -(alkylene)m-OC(=O)NR3
R4 , -(alkylene)m-OC(=S)NR3*R4 ,
-(alkylene)m-SO2NR3*R4*, -(alkylene)m-N(R3*)SO2R5*,
-(alkylene) -N(R3*)Sq 2NR3*R4*, -(alkylene)ra
-N(R3*)C(=O)OR5*, -(alkylene)m-N(R3*)C(=S)OR5*, or
-(alkylene)m-N(R3*)SO2R5*; m is 0 or 1 ; and q is zero
to two. Preferred compounds within the scope of
Formula IE include compounds having any of the
preferred Y, R1, Ra and/or R2 substituents previously
listed above. Certain compounds within the scope of
the present invention exist as keto-enol tautomers.
For example compounds such as the following:The
current invention further provides a method of
treating disorders or conditions consisting of
abnormal cell proliferation, such as cancer,
atherosclerosis, postsurgical vascular stenosis,
restenosis, and endometriosis; infections, including
viral infections such as DNA viruses like herpes and
RNA viruses like HFV, and fungal infections;
autoimmune diseases such as psoriasis, inflammation
like rheumatoid arthritis, lupus, type 1 diabetes,
diabetic nephropathy, multiple sclerosis, and
glomerulonephritis, organ transplant rejection,
including host versus graft disease, in a mammal,
including human, comprising administering to said
mammal an amount of a compound of formula I or p, or a
pharmaceutically acceptable salt thereof, that is
effective in treating such disorder or condition. This
invention further provides compounds of Formula I and
p that are useful for treating abnormal cell
proliferation such as cancer. The invention provides a
method of treating a abnormal cell proliferation
disorder such as myeloid disorders, lymphoid
disorders, Hodgkin's hairy cells, leukemia, cancers of
the breast, lung, colon, ovary, cervix, prostrate,
testis, esophagus, stomach, skin, bone, pancreas,
thyroid, biliary passages, buccal cavity and pharyns
(oral), lip, tongue, mouth, pharynx, small intestine,
colon-rectum, large intestine, rectum, brain and
central nervous system, glioblastoma, neuroblastoma,
keratocanthoma, epidermoid carcinoma, large cell
carcinoma, adenocarcinoma, adenocarcinoma, adenoma,
adenocarcinoma, follicular carcinoma, undifferentiated
carcinoma, papillary carcinoma, seminoma, melanoma,
sarcoma, bladder carcinoma, liver carcinoma, and
kidney carcinoma, comprising administering a
therapeutically effective amount of a compound of
formula I, or a pharmaceutically acceptable salt
thereof, to a subject with one or more above
disorders. Embodiment of this invention is also a
method of treating subjects with diseases caused by
vascular smooth muscle cell proliferation. The method
comprises administering to a subject with such a
disorder an amount of a compound of formula I, or a
pharmaceutically acceptable salt thereof. This
invention further provides a method of treating a
subject suffering from gout comprising administering
to said subject in need of treatment an amount of a
compound of formula I, or a pharmaceutically
acceptable salt thereof, sufficient to treat the
condition. The present invention further provides a
method of treating a subject with kidney disease, such
as polycystic kidney disease, comprising administering
to said subject in need of treatment an amount of a
compound of formula I and II, or a pharmaceutically
acceptable salt thereof, sufficient to treat the
condition.DEFINITIONS The terms "cancer" and
"cancerous" when used herein refer to or describe the
physiological condition in mammals that is typically
characterized by unregulated cell growth. Examples of
cancer include but are not limited to, carcinoma,
lymphoma, sarcoma, blastoma and leukemia. More
particular examples of such cancers include squamous
cell carcinoma, lung cancer, pancreatic cancer,
cervical cancer, bladder cancer, hepatoma, breast
cancer, colon carcinoma, and head and neck cancer. The
terms "treating," "treatment," and "therapy" as used
herein refer to curative therapy, prophylactic
therapy, and preventative therapy. The term "mammal"
as used herein refers to any mammal classified as a
mammal, including 



humans, cows, horses, dogs and cats. In a preferred
embodiment of the invention, the mammal is a human.
The term "treatment" includes therapeutic treatment as
well as prophylactic treatment (either preventing the
onset of disorders altogether or delaying the onset of
a pre-ciinically evident stage of disorders in
individuals). The phrase "therapeutically-effective"
is intended to qualify the amount of each agent, which
will achieve the goal of improvement in disorder
severity and the frequency of incidence over treatment
of each agent by itself, while avoiding adverse side
effects typically associated with alternative
therapies. For example, effective neoplastic
therapeutic agents prolong the survivability of the
patient, inhibit the rapidly proliferating cell growth
associated with the neoplasm, or effect a regression
of the neoplasm. The term "H" denotes a single
hydrogen atom. This radical may be attached, for
example, to an oxygen atom to form a hydroxyl radical.
Where the term "alkyl" is used, either alone or within
other terms such as "haloalkyl" and "alkylamino", it
embraces linear or branched radicals having one to
about twelve carbon atoms. More preferred alkyl
radicals are "lower alkyl" radicals having one to
about six carbon atoms. Examples of such radicals
include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isoamyl,
hexyl and the like. Even more preferred are lower
alkyl radicals having one or two carbon atoms. The
term "alkylene" embraces bridging divalent alkyl
radicals such as methylene, ethylene, propylene,
isopropylene and the like. The term "lower alkyl
substituted with R2" does not include an acetal
moiety. The term "alkenyl" embraces linear or branched
radicals having at least one carbon-carbon double bond
of two to about twelve carbon atoms. More preferred
alkenyl radicals are "lower alkenyl" radicals having
two to about six carbon atoms. Most preferred lower
alkenyl radicals are radicals having two to about four
carbon atoms. Examples of alkenyl radicals include
ethenyl, propenyl, allyl, propenyl, butenyl and
4-methylbutenyl. The terms "alkenyl" and "lower
alkenyl", embrace radicals having "cis" and "trans"
orientations, or alternatively, "E" and "Z"
orientations.The term "alkynyl" denotes linear or
branched radicals having at least one carbon-carbon
triple bond and having two to about twelve carbon
atoms. More preferred alkynyl radicals are "lower
alkynyl" radicals having two to about six carbon
atoms. Most preferred are lower alkynyl radicals
having two to about four carbon atoms. Examples of
such radicals include propargyl, butynyl, and the
like. Alkyl, alkylenyl, alkenyl, and alkynyl radicals
may be optionally substituted with one or more
functional groups such as halo, hydroxy, nitro, amino,
cyano, haloalkyl, aryl, heteroaryl, heterocyclo and
the like. The term "halo" means halogens such as
fluorine, chlorine, bromine or iodine atoms. The term
"haloalkyl" embraces radicals wherein any one or more
of the alkyl carbon atoms is substituted with halo as
defined above. Specifically embraced are
monohaloalkyl, dihaloalkyl and polyhaloalkyl radicals
including perhaloalkyl. A monohaloalkyl radical, for
one example, may have either an iodo, bromo, chloro or
fluoro atom within the radical. Dihalo and
polyhaloalkyl radicals may have two or more of the
same halo atoms or a combination of different halo
radicals. "Lower haloalkyl" embraces radicals having
1-6 carbon atoms. Even more preferred are lower
haloalkyl radicals having one to three carbon atoms.
Examples of haloalkyl radicals include fluoromethyl,
difluoromethyl, trifluoromethyl, chloromethyl,
dichloromethyl, trichloromethyl, pentafluoroethyl,
heptafluoropropyl, difluorochloromethyl,
dichlorofluoromethyl, difluoroethyl, difluoropropyl,
dichloroethyl and dichloropropyl. "Perfluoroalkyl"
means alkyl radicals having all hydrogen atoms
replaced with fluoro atoms. Examples include
trifluoromethyl and pentafluoroethyl. The term
"hydroxyalkyl" embraces linear or branched alkyl
radicals having one to about ten carbon atoms any one
of which may be substituted with one or more hydroxyl
radicals. More preferred hydroxyalkyl radicals are
"lower hydroxyalkyl" radicals having one to six carbon
atoms and one or more hydroxyl radicals. Examples of
such radicals include hydroxymethyl, hydroxyethyl,
hydroxypropyl, hydroxybutyl and hydroxyhexyl. Even
more preferred are lower hydroxyalkyl radicals having
one to three carbon atoms. The term "alkoxy" embraces
linear or branched oxy-containing radicals each having
alkyl portions of one to about ten carbon atoms. More
preferred alkoxy radicals are "lower alkoxy" radicals
having one to six carbon atoms. Examples of such
radicals include methoxy, ethoxy, propoxy, butoxy and
tert-butoxy. Even more preferred are lower alkoxy
radicals having one to three carbon atoms. Alkoxy
radicals may be further substituted with one or more
halo atoms, such as fluoro, chloro or bromo, to
provide "haloalkoxy" radicals. Even more preferred are
lower haloalkoxy radicals having one to three carbon
atoms. Examples of such radicals include
fluoromethoxy, chloromethoxy, trifluoromethoxy,
trifluoroethoxy, fluoroethoxy and fluoropropoxy. The
term "aryl", alone or in combination, means a
carbocyclic aromatic system containing one or two
rings wherein such rings may be attached together in a
fused manner. The term "aryl" embraces aromatic
radicals such as phenyl, naphthyl, indenyl,
tetrahydronaphthyl, and indanyl. More preferred aryl
is phenyl. Said "aryl" group may have 1 or more
substituents such as lower alkyl, hydroxyl,
halo,haloalkyl, nitro, cyano, alkoxy, lower
alkylamino, and the like. Phenyl substituted with
-0-CH 2-Oforms the aryl benzodioxolyl substituent. The
term "heterocyclyl" (or "heterocyclo") embraces
saturated, and partially saturated
heteroatom-containing ring radicals, where the
heteroatoms may be selected from nitrogen, sulfur and
oxygen. Heterocyclic rings comprise monocyclic 6-8
membered rings, as well as 5-16 membered bicyclic ring
systems (which can include bridged fused and
spiro-fused bicyclic ring systems). It does not
include rings containing -O-O-.-O-S- or -S-S-
portions. Said "heterocyclyl" group may have 1 to 3
substituents such as hydroxyl, Boc, halo, haloalkyl,
cyano, lower alkyl, lower aralkyl, oxo, lower alkoxy,
amino, lower alkylamino, and the like. Examples of
saturated heterocyclic radicals include saturated 3 to
6-membered heteromonocyclic groups containing 1 to 4
nitrogen atoms [e.g. pyrrolidinyl, imidazolidinyl,
piperidinyl, pyrrolinyl, piperazinyl]; saturated 3 to
6-membered heteromonocyclic group containing 1 to 2
oxygen atoms and 1 to 3 nitrogen atoms [e.g.
morpholinyl]; saturated 3 to 6-membered
heteromonocyclic group containing 1 to 2 sulfur atoms
and 1to 3 nitrogen atoms [e.g., thiazolidinyl].
Examples of partially saturated heterocyclyl radicals
include dihydrothienyl, dihydropyranyl, dihydrofuryl,
dihydrothiazolyl, and the like. Particular examples of
partially saturated and saturated heterocyclyl include
pyrrolidinyl, imidazolidinyl, piperidinyl, pyrrolinyl,
pyrazolidinyl, piperazinyl, morpholinyl,
tetrahydropyranyl, thiazolidinyl, dihydrothienyl,
2,3-dihydro-benzo[l,4]dioxanyl, indolinyl,
isoindolinyl, dihydrobenzothienyl, dihydrobenzofuryl,
isochromanyl, chromanyl, 1,2-dihydroquinolyl, 1,2,3,4-
tetrahydro-isoquinolyl, 1,2,3,4-tetrahydro-quinolyl,
2,3,4,4a,9,9a-hexahydro-lH-3-aza-fluorenyl, 5,6,7-
trihydro-l,2,4-triazolo[3,4-a]isoquinolyl,
3,4-dihydro-2H-benzo[l,4]oxazinyl, benzo[l,4]dioxanyl,
2,3- dihydro-lH-l l'-benzo[d]isothiazol-6-yl,
dihydropyranyl, dihydrofuryl and dihydrothiazolyl, and
the like. The term heterocyclyl, (or heterocyclo) also
embraces radicals where heterocyclic radicals are
fused/condensed with aryl radicals: unsaturated
condensed heterocyclic group containing 1 to 5
nitrogen atoms, for example, indolyl, isoindolyl,
indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
indazolyl, benzotriazolyl, tetrazolopyridazinyl [e.g.,
tetrazolo [l,5-b]pyridazinyl]; unsaturated condensed
heterocyclic group containing 1 to 2 oxygen atoms and
1 to 3 nitrogen atoms [e.g. benzoxazolyl,
benzoxadiazolyl]; unsaturated condensed heterocyclic
group containing 1 to 2 sulfur atoms and 1 to 3
nitrogen atoms [e.g., benzothiazolyl,
benzothiadiazolyl]; and saturated, partially
unsaturated and unsaturated condensed heterocyclic
group containing 1 to 2 oxygen or sulfur atoms [e.g.
benzofuryl, benzothienyl,
2,3-dihydro-benzo[l,4]dioxinyl and dihydrobenzofuryl].
The term "heteroaryl" denotes aryl ring systems that
contain one or more heteroatoms selected from the
group O, N and S, wherein the ring nitrogen and sulfur
atom(s) are optionally oxidized, and nitrogen atom(s)
are optionally quarternized. Examples include
unsaturated 5 to 6 membered heteromonocyclyl group
containing 1 to 4 nitrogen atoms, for example,
pyrrolyl, imidazolyl, pyrazolyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, pyrimidyl, pyrazinyl, pyridazinyl,
triazolyl [e.g., 4H-l,2,4-triazolyl,
IH1,2,3-triazolyl, 2H-l,2,3-triazolyl]; unsaturated 5-
to 6-membered heteromonocyclic group containing an
oxygen atom, for example, pyranyl, 2-furyl, 3-furyl,
etc.; unsaturated 5 to 6-membered heteromonocyclic
group containing a sulfur atom, for example,
2-thienyl, 3-thienyl, etc.; unsaturated 5- to
6-membered heteromonocyclic group containing 1 to 2
oxygen atoms and 1 to 3 nitrogen atoms, for example,
oxazolyl, isoxazolyl, oxadiazolyl [e.g.,
1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-
oxadiazolyl]; unsaturated 5 to 6-membered
heteromonocyclic group containing 1 to 2 sulfur atoms
and 1 to 3 nitrogen atoms, for example, thiazolyl,
thiadiazolyl [e.g., 1,2,4-thiadiazolyl,
1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl]. The term
"sulfonyl", whether used alone or linked to other
terms such as alkylsulfonyl, denotes respectively
divalent radicals -SO2-. The terms "sulfamyl,"
"aminosulfonyl" and "sulfonamidyl," denotes a sulfonyl
radical substituted with an amine radical, forming a
sulfonamide (-SO2NH2). The term "alkylaminosulfonyl"
includes "N-alkylaminosulfonyl" where sulfamyl
radicals are independently substituted with one or two
alkyl radical(s). More preferred alkylaminosulfonyl
radicals are "lower alkylaminosulfonyl" radicals
having one to six carbon atoms. Even more preferred
are lower alkylaminosulfonyl radicals having one to
three carbon atoms. Examples of such lower
alkylaminosulfonyl radicals include
N-methylaminosulfonyl, and N-ethylaminosulfonyl. The
terms "carboxy" or "carboxyl", whether used alone or
with other terms, such as "carboxyalkyl", denotes
-CO2H. The term "carbonyl", whether used alone or with
other terms, such as "aminocarbonyl", denotes -(C=O)-.
The term "aminocarbonyl" denotes an amide group of the
formula -C(=0)NH 2. The terms "N-alkylaminocarbonyl"
and "N,N-dialkylaminocarbonyl" denote aminocarbonyl
radicals independently substituted with one or two
alkyl radicals, respectively. More preferred are
"lower alkylaminocarbonyl" having lower alkyl radicals
as described above attached to an aminocarbonyl
radical. The terms "N-arylaminocarbonyl" and
"N-alkyl-N-arylaminocarbonyl" denote aminocarbonyl
radicals substituted, respectively, with one aryl
radical, or one alkyl and one aryl radical. The terms
"heterocyclylalkylenyl" and "heterocyclylalkyl"
embrace heterocyclic-substituted alkyl radicals. More
preferred heterocyclylalkyl radicals are "5- or
6-membered heteroarylalkyl" radicals having alkyl
portions of one to six carbon atoms and a 5- or
6-membered heteroaryl radical. Even more preferred are
lower heteroarylalkylenyl radicals having alkyl
portions of one to three carbon atoms. Examples
include such radicals as pyridylmethyl and
thienylmethyl. The term "aralkyl" embraces
aryl-substituted alkyl radicals. Preferable aralkyl
radicals are "lower aralkyl" radicals having aryl
radicals attached to alkyl radicals having one to six
carbon atoms. Even more preferred are
"phenylalkylenyl" attached to alkyl portions having
one to three carbon atoms. Examples of such radicals
include benzyl, diphenylmethyl and phenylethyl. The
aryl in said aralkyl may be additionally substituted
with halo, alkyl, alkoxy, halkoalkyl and
haloalkoxy.The term "alkylthio" embraces radicals
containing a linear or branched alkyl radical, of one
to ten carbon atoms, attached to a divalent sulfur
atom. Even more preferred are lower alkylthio radicals
having one to three carbon atoms. An example of
"alkylthio" is methylthio, (CH3S-). The term
"haloalkylthio" embraces radicals containing a
haloalkyl radical, of one to ten carbon atoms,
attached to a divalent sulfur atom. Even more
preferred are lower haloalkylthio radicals having one
to three carbon atoms. An example of "haloalkylthio"
is trifluoromethylthio. The term "alkylamino" embraces
"N-alkylamino" and "N,N-dialkylamino" where amino
groups 



are independently substituted with one alkyl radical
and with two alkyl radicals, respectively. More
preferred alkylamino radicals are "lower alkylamino"
radicals having one or two alkyl radicals of one to
six carbon atoms, attached to a nitrogen atom. Even
more preferred are lower alkylamino radicals having
one to three carbon atoms. Suitable alkylamino
radicals may be mono or dialkylamino such as
N-methylamino, N-ethylamino, N.N-dimethylamino,
N,N-diethylamino and the like. The term "arylamino"
denotes amino groups, which have been substituted with
one or two aryl radicals, such as N-phenylamino. The
arylamino radicals may be further substituted on the
aryl ring portion of the radical. The term
"heteroarylamino" denotes amino groups, which have
been substituted with one or two heteroaryl radicals,
such as N-thienylamino. The "heteroarylamino" radicals
may be further substituted on the heteroaryl ring
portion of the radical. The term "aralkylamino"
denotes amino groups, which have been substituted with
one or two aralkyl radicals. More preferred are
phenyl-Ci-C -alkylamino radicals, such as
N-benzylamino. The aralkylamino radicals may be
further substituted on the aryl ring portion. The
terms "N-alkyl-N-arylamino" and
"N-aralkyl-N-alkylamino" denote amino groups, which
have been independently substituted with one aralkyl
and one alkyl radical, or one aryl and one alkyl
radical, respectively, to an amino group. The term
"aminoalkyl" embraces linear or branched alkyl
radicals having one to about ten carbon atoms any one
of which may be substituted with one or more amino
radicals. More preferred aminoalkyl radicals are
"lower aminoalkyl" radicals having one to six carbon
atoms and one or more amino radicals. Examples of such
radicals include aminomethyl, aminoethyl, aminopropyl,
aminobutyl and aminohexyl. Even more preferred are
lower aminoalkyl radicals having one to three carbon
atoms. The term "alkylaminoalkyl" embraces alkyl
radicals substituted with alkylamino radicals. More
preferred alkylaminoalkyl radicals are "lower
alkylaminoalkyl" radicals having alkyl radicals of one
to six carbon atoms. Even more preferred are lower
alkylaminoalkyl radicals having alkyl radicals of one
to three carbon atoms. Suitable alkylaminoalkyl
radicals may be mono or dialkyl substituted, such as
N-methylaminomethyl, N,N-dimethyl-aminoethyl,
N,N-diethylaminomethyl and the like. The term
"alkylaminoalkoxy" embraces alkoxy radicals
substituted with alkylamino radicals. More preferred
alkylaminoalkoxy radicals are "lower alkylaminoalkoxy"
radicals having alkoxy radicals of one to six carbon
atoms. Even more preferred are lower alkylaminoalkoxy
radicals having alkyl radicals of one to three carbon
atoms. Suitable alkylaminoalkoxy radicals may be mono
or dialkylsubstituted, such as N-methylaminoethoxy,
N,N-dimethylaminoethoxy, N,N-diethylaminoethoxy and
the like. The term "alkylaminoalkoxyalkoxy" embraces
alkoxy radicals substituted with alkylaminoalkoxy
radicals. More preferred alkylaminoalkoxyalkoxy
radicals are "lower alkylaminoalkoxyalkoxy" radicals
having alkoxy radicals of one to six carbon atoms.
Even more preferred are lower alkylaminoalkoxyalkoxy
radicals having alkyl radicals of one to three carbon
atoms. Suitable alkylaminoalkoxyalkoxy radicals may be
mono or dialkyl substituted, such as
Nmethylaminomethoxyethoxy, N-methylaminoethoxyethoxy,
N,N-dimethylaminoethoxyethoxy,
N,Ndiethylaminomethoxymethoxy and the like. The term
"carboxyalkyl" embraces linear or branched alkyl
radicals having one to about ten carbon atoms any one
of which may be substituted with one or more carboxy
radicals. More preferred carboxyalkyl radicals are
"lower carboxyalkyl" radicals having one to six carbon
atoms and one carboxy radical. Examples of such
radicals include carboxymethyl, carboxypropyl, and the
like. Even more preferred are lower carboxyalkyl
radicals having one to three CH2 groups. The term
"halosulfonyl" embraces sulfonyl radicals substituted
with a halogen radical. Examples of such halosulfonyl
radicals include chlorosulfonyl and fluorosulfonyl.
The term "arylthio" embraces aryl radicals of six to
ten carbon atoms, attached to a divalent sulfur atom.
An example of "arylthio" is phenylthio. The term
"aralkylthio" embraces aralkyl radicals as described
above, attached to a divalent sulfur atom. More
preferred are phenyl-Cr C3-alkylthio radicals. An
example of "aralkylthio" is benzylthio. The term
"aryloxy" embraces optionally substituted aryl
radicals, as defined above, attached to an oxygen
atom. Examples of such radicals include phenoxy. The
term "aralkoxy" embraces oxy-containing aralkyl
radicals attached through an oxygen atom to other
radicals. More preferred aralkoxy radicals are "lower
aralkoxy" radicals having optionally substituted
phenyl radicals attached to lower alkoxy radical as
described above. The term "heteroaryloxy" embraces
optionally substituted heteroaryl radicals, as defined
above, attached to an oxygen atom. The term
"heteroarylalkoxy" embraces oxy-containing
heteroarylalkyl radicals attached through an oxygen
atom to other radicals. More preferred
heteroarylalkoxy radicals are "lower heteroarylalkoxy"
radicals having optionally substituted heteroaryl
radicals attached to lower alkoxy radical as described
above. The term "cycloalkyl" includes saturated
carbocyclic groups. Preferred cycloalkyl groups
include C3-C6 rings. More preferred compounds include,
cyclopentyl, cyclopropyl, and cyclohexyl. The term
"cycloalkylalkyl" embraces cycloalkyl-substituted
alkyl radicals. Preferable cycloalkylalkyl radicals
are "lower cycloalkylalkyl" radicals having cycloalkyl
radicals attached to alkyl radicals having one to six
carbon atoms. Even more preferred are "5-6-membered
cycloalkylalkyl" attached to alkyl portions having one
to three carbon atoms. Examples of such
radicalsinclude cyclohexylmethyl The cycloalkyl in
said radicals may be additionally substituted with
halo, alkyl, alkoxy and hydroxy. The term
"cycloalkenyl" includes carbocyclic groups having one
or more carbon-carbon double bonds including
"cycloalkyldienyl" compounds. Preferred cycloalkenyl
groups include C3-C6 rings. More preferred compounds
include, for example, cyclopentenyl, cyclopentadienyl,
cyclohexenyl and cycloheptadienyl. The term
"comprising" is meant to be open ended, including the
indicated component but not excluding other elements.
The present invention also comprises the use of a
compound of the invention, or pharmaceutically
acceptable salt thereof, in the manufacture of a
medicament for the treatment either acutely or
chronically of an angiogenesis mediated disease state,
including those described previously. The compounds of
the present invention are useful in the manufacture of
an anti-cancer medicament. The present invention
comprises a pharmaceutical composition comprising a
therapeutically effective amount of a compound of the
current invention in association with a least one
pharmaceutically acceptable carrier, adjuvant or
diluent. The present invention also comppses a method
of treating angiogenesis related disorders in a
subject having or susceptible to such disorder, the
method comprising treating the subject with a
therapeutically effective amount of a compound of the
current invention. COMBINATIONS While the compounds of
the invention can be administered as the sole active
pharmaceutical agent, they can also be used in
combination with one or more compounds of the
invention or other agents. When administered as a
combination, the therapeutic agents can be formulated
as separate compositions that are administered at the
same time or sequentially at different times, or the
therapeutic agents can be given as a single
composition. The phrase "co-therapy" (or
"combination-therapy"), in defining use of a compound
of the present invention and another pharmaceutical
agent, is intended to embrace administration of each
agent in a sequential manner in a regimen that will
provide beneficial effects of the drug combination,
and is intended as well to embrace co-administration
of these agents in a substantially simultaneous
manner, such as m a single capsule having a fixed
ratio of these active agents or in multiple, separate
capsules for each agent. Specifically, the
administration of compounds of the present invention
may be in conjunction with additional therapies known
to those skilled in the art in the prevention or
treatment of neoplasia, such as with radiation therapy
or with cytostatic or cytotoxic agents If formulated
as a fixed dose, such combination products employ the
compounds of this invention within the accepted dosage
ranges. Compounds of the current invention may also
beadministered sequentially with known anticancer or
cytotoxic agents when a combination formulation is
inappropriate. The invention is not limited in the
sequence of administration; compounds of the invention
may be administered either prior to, simultaneous with
or after administration of the known anticancer or
cytotoxic agent. Currently, standard treatment of
primary tumors consists of surgical excision followed
by either radiation or FV administered chemotherapy.
The typical chemotherapy regime consists of either DNA
alkylating agents, DNA intercalating agents, CDK
inhibitors, or microtubule poisons. The chemotherapy
doses used are just below the maximal tolerated dose
and therefore dose limiting toxicities typically
include, nausea, vomiting, diarrhea, hair loss,
neutropenia and the like. There are large numbers of
antineoplastic agents available in commercial use, in
clinical evaluation and in pre-clinical development,
which would be selected for treatment of neoplasia by
combination drug chemotherapy. Such antineoplastic
agents fall into several major categories, namely,
antibiotic-type agents, alkylating agents,
antimetabolite agents, hormonal agents, immunological
agents, interferon-type agents and a category of
miscellaneous agents. A first family of antineoplastic
agents, which may be used in combination with
compounds of the present invention, consists of
antimetabolite-type/thymidilate synthase inhibitor
antineoplastic agents. Suitable antimetabolite
antineoplastic agents may be selected from but not
limited to the group consisting of 5-FU-fibrinogen,
acanthifolic acid, aminothiadiazole, brequinar sodium,
carmofur, Ciba- Geigy CGP-30694, cyclopentyl cytosine,
cytarabine phosphate stearate, cytarabine conjugates,
Lilly DATHF, Merrel Dow DDFC, dezaguanine,
dideoxycytidine, dideoxyguanosine, didox, Yoshitomi
DMDC, doxifluridine, Wellcome EHNA, Merck & Co. EX-Ol
5, fazarabine, floxuridine, fludarabine phosphate,
5-fluorouracil, N-(2'-furanidyl)-5-fluorouracil,
Daiichi Seiyaku FO-1 52, isopropyl pyrrolizine, Lilly
LY-18801 1, Lilly LY-264618, methobenzaprim,
methotrexate, Wellcome MZPES, norspermidine, NCI
NSC-127716, NCI NSC-264880, NCI NSC-39661, NCI
NSC-612567, Warner- Lambert PALA, pentostatin,
piritrexim, plicamycin, Asahi Chemical PL-AC, Takeda
TAC-788, thioguanine, tiazofurin, Erbamont TIF,
trimetrexate, tyrosine kinase inhibitors, Taiho UFT
and uricytin. A second family of antineoplastic
agents, which may be used in combination with
compounds of the present invention, consists of
alkylating-type antineoplastic agents. Suitable
alkylating-type antineoplastic agents may be selected
from but not limited to the group consisting of
Shionogi 254-S, aldo-phosphamide analogues,
altretamine, anaxirone, Boehringer Mannheim BBR-2207,
bestrabucil, budotitane, Wakunaga CA-102, carboplatin,
carmustine, Chinoin-139, Chinoin-153, chlorambucil,
cisplatin, cyclophosphamide, American Cyanamid
CL-286558, Sanofi CY-233, cyplatate, Degussa D-
19-384, Sumimoto DACHP(Myr)2, diphenylspiromustine,
diplatinum cytostatic, Erba distamycin derivatives,
Chugai DWA-21 14R, ITI E09, elmustine, Erbamont
FCE-24517, estramustine phosphate sodium, fotemustine,
Unimed G-6-M, Chinoin GYKI- 17230, hepsul-fam,
ifosfamide, iproplatin, lomustine, mafosfamide,
mitolactol, Nippon Kayaku NK-1 21, NCI NSC-264395, NCI
NSC-342215, oxaliplatin, Upjohn PCNU, prednimustine,
Proter PTT-1 19, ranimustine, semustine,
SmithKlineSK&F-101772, Yakult Honsha SN-22,
spiromus-tine, Tanabe Seiyaku TA-077, tauromustine,
temozolomide, teroxirone, tetraplatin and trimelamol.
A third family of antineoplastic agents which may be
used in combination with compounds of the present
invention consists of antibiotic-type antineoplastic
agents. Suitable antibiotic-type antineoplastic agents
may be selected from but not limited to the group
consisting of Taiho 4 18 1-A, aclarubicin, actinomycin
D, actinoplanone, Erbamont ADR-456, aeroplysinin
derivative, Ajinomoto AN-201-II, Ajinomoto AN-3,
Nippon Soda anisomycins, anthracycline, azino-mycin-A,
bisucaberin, 



Bristol-Myers BL-6859, Bristol-Myers BMY-25067,
Bristol-Myers BMY-25551, Bristol-Myers BMY- 26605,
Bristol-Myers BMY-27557, Bristol-Myers BMY-28438,
bleomycin sulfate, bryostatin-1, Taiho C-1 027,
calichemycin, chromoximycin, dactinomycin,
daunorubicin, Kyowa Hakko DC-102, Kyowa Hakko DC-79,
Kyowa Hakko DC-88A, Kyowa Hakko DC89-A1, Kyowa Hakko
DC92-B, ditrisarubicin B, Shionogi DOB-41,
doxorubicin, doxorubicin-fibrinogen, elsamicin-A,
epirubicin, erbstatin, esorubicin, esperamicin-Al,
esperamicin-Alb, Erbamont FCE-21954, Fujisawa FK-973,
fostriecin, Fujisawa FR-900482, glidobactin,
gregatin-A, grincamycin, herbimycin, idarubicin,
illudins, kazusamycin, kesarirhodins, Kyowa Hakko
KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko KT- 5432,
Kyowa Hakko KT-5594, Kyowa Hakko KT-6149, American
Cyanamid LL-D49194, Meiji Seika ME 2303, menogaril,
mitomycin, mitoxantrone, SmithKline M-TAG, neoenactin,
Nippon Kayaku NK- 313, Nippon Kayaku NKT-01, SRI
International NSC-357704, oxalysine, oxaunomycin,
peplomycin, pilatin, pirarubicin, porothramycin,
pyrindanycin A, Tobishi RA-I, rapamycin, rhizoxin,
rodorubicin, sibanomicin, siwenmycin, Sumitomo
SM-5887, Snow Brand SN-706, Snow Brand SN-07,
sorangicin- A, sparsomycin, SS Pharmaceutical
SS-21020, SS Pharmaceutical SS-7313B, SS
Pharmaceutical SS- 9816B, steffimycin B, Taiho 4181-2,
talisomycin, Takeda TAN-868A, terpentecin, thrazine,
tricrozarin A, Upjohn U-73975, Kyowa Hakko UCN-10028A,
Fujisawa WF-3405, Yoshitomi Y-25024 and zorubicin. A
fourth family of antineoplastic agents which may be
used in combination with compounds of the present
invention consists of a miscellaneous family of
antineoplastic agents, including tubulin interacting
agents, topoisomerase II inhibitors, topoisomerase I
inhibitors and hormonal agents, selected from but not
limited to the group consisting of a-carotene,
a-difluoromethyl-arginine, acitretin, Biotec AD-5,
Kyorin AHC-52, alstonine, amonaf de, amphethinile,
amsacrine, Angiostat, ankinomycin, antineoplaston AlO,
antineoplaston A2, antineoplaston A3, antineoplaston
A5, antineoplaston AS2-1, Henkel APD, aphidicolin
glycinate, asparaginase, Avarol, baccharin,
batracylin, benfluron, benzotript, Ipsen-Beaufour
BIM-23015, bisantrene, Bristol-Myers BMY-40481, Vestar
boron- 10, bromofosfamide, Wellcome BW-502, Wellcome
BW-773, caracemide, carmethizole hydrochloride,
Ajinomoto CDAF, chlorsulfaquinoxalone, Chemes
CHX-2053, Chemex CHX-100, Warner-Lambert CI-921,
Warner- Lambert CI-937, Warner-Lambert CI-941,
Warner-Lambert CI-958, clanfenur, claviridenone, ICN
compound 1259, ICN compound 4711, Contracan, Yakult
Honsha CPT-1 1, crisnatol, curaderm, cytochalasin B,
cytarabine, cytocytin, Merz D-609, DABIS maleate,
dacarbazine, datelliptinium,didemnin-B, dihaematopo f
hyrin ether, dihydrolenperone, dinaline, distamycin,
Toyo Pharmar DM- 341, Toyo Pharmar DM-75, Daiichi
Seiyaku DN-9693, docetaxel elliprabin, elliptinium
acetate, Tsumura EPMTC, the epothilones, ergotamine,
etoposide, etretinate, fenretinide, Fujisawa FR-57704,
gallium nitrate, genkwadaphnin, Chugai GLA-43, Glaxo
GR-63178, grifolan NMF-5N, hexadecylphosphocholine,
Green Cross HO-221, homoharringtonine, hydroxyurea,
BTG ICRF-1 87, ilmofosine, isoglutamine, isotretinoin,
Otsuka JI-36, Ramot K-477, Otsuak K-76COONa, Kureha
Chemical K-AM, MECT Corp KI-81 10, American Cyanamid
L-623, leukoregulin, lonidamine, Lundbeck LU-23-1 12,
Lilly LY-186641, NCI (US) MAP, marycin, Merrel Dow
MDL-27048, Medco MEDR-340, merbarone, merocyanlne
derivatives, methylanilinoacridine, Molecular Genetics
MGI- 136, minactivin, mitonafide, mitoquidone
mopidamol, motretinide, Zenyaku Kogyo MST-16, N-
(retinoyl)amino acids, Nisshin Flour Milling N-021,
N-acylated-dehydroalanines, nafazatrom, Taisho
NCU-190, nocodazole derivative, Normosang,
NCINSC-145813, NCI NSC-361456, NCI NSC- 604782, NCI
NSC-95580, ocreotide, Ono ONO-1 12, oquizanocine, Akzo
Org-10172, paclitaxel, pancratistatin, pazelliptine,
Warner-Lambert PD-1 11707, Warner-Lambert PD-1 15934,
Warner- Lambert PD-1 3 1141, Pierre Fabre PE-1001,
ICRT peptide D, piroxantrone, polyhaematoporphyrin,
polypreic acid, Efamol porphyrin, probimane,
procarbazine, proglumide, Invitron protease nexin I,
Tobishi RA-700, razoxane, Sapporo Breweries RBS,
restrictin-P, retelliptine, retinoic acid, Rhone-
Poulenc RP-49532, Rhone-Poulenc RP-56976, SmithKline
SK&F-104864, Sumitomo SM-108, Kuraray SMANCS, SeaPharm
SP-1 0094, spatol, spirocyclopropane derivatives,
spirogermanium, Unimed, SS Pharmaceutical SS-554,
strypoldinone, Stypoldione, Suntory SUN 0237, Suntory
SUN 2071, superoxide dismutase, Toyama T-506, Toyama
T-680, taxol, Teijin TEI-0303, teniposide,
thaliblastine, Eastman Kodak TJB-29, tocotrienol,
topotecan, Topostin, Teijin TT-82, Kyowa Hakko UCN-Ol,
Kyowa Hakko UCN- 1028, ukrain, Eastman Kodak USB-006,
vinblastine sulfate, vincristine, vindesine,
vinestramide, vinorelbine, vintriptol, vinzolidine,
withanolides and Yamanouchi YM-534. Alternatively, the
present compounds may also be used in co-therapies
with other anti neoplastic agents, such as acemannan,
aclarubicin, aldesleukin, alemtuzumab, alitretinoin,
altretamine, amifostine, aminolevulinic acid,
amrubicin, amsacrine, anagrelide, anastrozole, ANCER,
ancestim, ARGLABIN, arsenic trioxide, BAM 002
(Novelos), bexarotene, bicalutamide, broxuridine,
capecitabine, celmoleukin, cetrorelix, cladribine,
clotrimazole, cytarabine ocfosfate, DA 3030 (Dong- A),
daclizumab, denileukin diftitox, deslorelin,
dexrazoxane, dilazep, docetaxel, docosanol,
doxercalciferol, doxifluridine, doxorubicin,
bromocriptine, carmustine, cytarabine, fluorouracil,
HIT diclofenac, interferon alfa, daunorubicin,
doxorubicin, tretinoin, edelfosine, edrecolomab,
eflornithine, emitefur, epirubicin, epoetin beta,
etoposide phosphate, exemestane, exisulind, fadrozole,
filgrastim, finasteride, fludarabine phosphate,
formestane, fotemustine, gallium nitrate, gemcitabine,
gemtuzumab zogamicin, gimeracil/oteracil/tegafur
combination, glycopine, goserelin, heptaplatin, human
chorionic gonadotropin, human fetal alpha fetoprotein,
ibandronic acid, idambicin, (imiquimod, interferon
alfa, interferon alfa, natural, interferon alfa-2,
interferon alfa-2a, interferon alfa-2b, interferon
alfa-Nl, interferon alfa-n3, interferon alfacon-1,
interferon alpha, natural, interferon beta, interferon
beta- Ia,interferon beta- Ib, interferon gamma,
natural interferon gamma- Ia, interferon gamma- Ib,
interleukin-1 beta, iobenguane, irinotecan,
irsogladine, lanreotide, LC 9018 (Yakult),
leflunomide, lenograstim, lentinan sulfate, letrozole,
leukocyte alpha interferon, leuprorelin, levamisole +
fluorouracil, liarozole, lobaplatin, lonidamine,
lovastatin, masoprocol, melarsoprol, metoclopramide,
mifepristone, miltefosine, mirimostim, mismatched
double stranded RNA, mitoguazone, mitolactol,
mitoxantrone, molgramostim, nafarelin, naloxone +
pentazocine, nartograstim, nedaplatin, nilutamide,
noscapine, novel erythropoiesis stimulating protein,
NSC 631570 octreotide, oprelvekin, osaterone,
oxaliplatin, paclitaxel, pamidronic acid,
pegaspargase, peginterferon alfa-2b, pentosan
polysulfate sodium, pentostatin, picibanil,
pirarubicin, rabbit antithymocyte polyclonal antibody,
polyethylene glycol interferon alfa-2a, porfimer
sodium, raloxifene, raltitrexed, rasburicase, rhenium
Re 186 etidronate, RH retinamide, rituximab,
romurtide, samarium (153 Sm) lexidronam, sargramostim,
sizofiran, sobuzoxane, sonermin, strontium-89
chloride, suramin, tasonermin, tazarotene, tegafur,
temoporfm, temozolomide, teniposide,
tetrachlorodecaoxide, thalidomide, thymalfasin,
thyrotropin alfa, topotecan, toremifene,
tositumomab-iodine 131, trastuzumab, treosulfan,
tretinoin, trilostane, trimetrexate, triptorelin,
tumor necrosis factor alpha, natural, ubenimex,
bladder cancer vaccine, Maruyama vaccine, melanoma
lysate vaccine, valrubicin, verteporfin, vinorelbine,
VIRULIZIN, zinostatin stimalamer, or zoledronic acid;
abarelix; AE 941 (Aetema), ambamustine, antisense
oligonucleotide, bcl-2 (Genta), APC 8015 (Dendreon),
cetuximab, decitabine, dexaminoglutethimide,
diaziquone, EL 532 (Elan), EM 800 (Endorecherche),
eniluracil, etanidazole, fenretinide, filgrastim SDOl
(Amgen), fulvestrant, galocitabine, gastrin 17
immunogen, HLA-B7 gene therapy (Vical), granulocyte
macrophage colony stimulating factor, histamine
dihydrochloride, ibritumomab tiuxetan, ilomastat, IM
862 (Cytran), interleukin-2, iproxifene, LDI 200
(Milkhaus), leridistim, lintuzumab, CA 125 MAb
(Biomira), cancer MAb (Japan Pharmaceutical
Development), HER-2 and Fc MAb (Medarex), idiotypic
105AD7 MAb (CRC Technology), idiotypic CEA MAb
(Trilex), LYM-I -iodine 131 MAb (Techniclone), polymof
hic epithelial mucin-yttrium 90 MAb (Antisoma),
marimastat, menogaril, mitumomab, motexafin
gadolinium, MX 6 (Galderma), nelarabine, nolatrexed, P
30 protein, pegvisomant, pemetrexed, porfiromycin,
prinomastat, RL 0903 (Shire), rubitecan, satraplatin,
sodium phenylacetate, sparfosic acid, SRL 172 (SR
Pharma), SU 5416 (SUGEN), TA 077 (Tanabe),
tetrathiomolybdate, thaliblastine, thrombopoietin, tin
ethyl etiopurpurin, tirapazamine, cancer vaccine
(Biomira), melanoma vaccine (New York University),
melanoma vaccine (Sloan Kettering Institute), melanoma
oncolysate vaccine (New York Medical College), viral
melanoma cell lysates vaccine (Royal Newcastle
Hospital), or valspodar. Alternatively, the present
compounds may also be used in co-therapies with VEGFR
inhibitors including
N-(4-chlorophenyl)-4-(4-pyridinylmethyl)-
1-phthalazinamine; 4-[4-[ [[[4-chloro-3
-(trifluoromethyl)phenyl] amino]carbony
l]amino]phenoxy] -N-methy 1-2 - pyridinecarboxamide;
N-[2-(diethylamino)ethyl]-5-[(5-fluoro-l,2-dihydro-2-o
xo-3H-indol-3-ylidene)methyl]-2,4-dimethyl-
1H-pyrrole-3-carboxamide;
3-[(4-bromo-2,6-difluorophenyl)methoxy]-5-[[[[4-(l-pyr
rolidinyl)butyl]amino]carbonyl]amino]-4-
isothiazolecarboxamide;
N-(4-bromo-2-fluorophenyl)-6-methoxy-7-[(l-methyl-4-pi
peridinyl)methoxy]-4-quinazolinamine; 3-[5,6,7,l
3-tetrahydro-9-[(l -methylethoxy)methyl]-5-oxo-l
2H-indeno[2, 1-a]pyrrolo[3,4-c]carbazol-l 2- yl]propyl
ester N,N-dimethyl-glycine;
N-[5-[[[5-(l,l-dimethylethyl)-2-oxazolyl]methyl]thio]-
2-thiazolyl]-4-piperidinecarboxamide;
N-[3-chloro-4-[(3-fluorophenyl)methoxy]phenyl]-6-[5-[[
[2-(methylsulfonyl)ethyl]aniino]methyl]-2-
furanyl]-4-quinazolinamine
4-[(4-Methyl-l-piperazinyl)methyl]-
N-[4-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinyl]amino]-
phenyljbenzamide
N-(3-chloro-4-fluorophenyl)-7-methoxy-6-[3-(4-niqf
holinyl)propoxy]-4-quinazolinamine
N-(3-ethynylphenyl)-6,7-bis(2-methoxyethoxy)-4-quinazo
linamine N-(3-((((2R)-l-methyl-2-py
pOlidinyl)methyl)oxy)-5-(trifluoromethyl)phenyl)-2-((3
-(l,3-oxazol-5-
yl)phenyl)amino)-3-pyridinecarboxamide;
2-(((4-fluorophenyl)methyl)amino)-N-(3-((((2R)-l-methy
l-2-pyrrolidinyl)methyl)oxy)-5-
(trifluoromethyl)phenyl)-3-pyridinecarboxamide;
N-[3-(Azetidin-3-ylmethoxy)-5-trifluoromethyl-phenyl]-
2-(4-fluoro-benzylamino)-nicotinamide.
6-fluoro-N-(4-(1-methylethyl)phenyl)-2-((4-pyridinylme
thyl)amino)-3-pyridinecarboxamide;
2-((4-pyridinylmethyl)amino)-N-(3-(((2S)-2-pyrrolidiny
lmethyl)oxy)-5-(trifluoromethyl)phenyl)-3-
pyridinecarboxamide;
N-(3-(l,l-dimethylethyl)-lH-pyrazol-5-yl)-2-((4-pyridi
nylmethyl)amino)-3-pyridinecarboxamide;
N-(3,3-dimethyl-2,3-dihydro-l-benzofuran-6-yl)-2-((4-p
yridinylmethyl)amino)-3- pyridinecarboxamide;
N-(3-((((2S)-l-methyl-2-pyrrolidinyl)methyl)oxy)-5-(tr
ifluoromethyl)phenyl)-2-((4-
pyridinylmethyl)amino)-3-pyridinecarboxamide;
2-((4-pyridinylmethyl)amino)-N-(3-((2-(l-pyr
tolidinyl)ethyl)oxy)-4-(trifluoromethyl)phenyl)-3-
pyridinecarboxamide;
N-(3,3-dimethyl-2,3-dihydro-lH-indol-6-yl)-2-((4-pyrid
inylmethyl)amino)-3-pyridinecarboxamide;
N-(4-(pentafluoroethyl)-3-(((2S)-2-pyrrolidinylmethyl)
oxy)phenyl)-2-((4-pyridinylmethyl)amino)-3-
pyridinecarboxamide;
N-(3-((3-azetidinylmethyl)oxy)-5-(trifluoromethyl)phen
yl)-2-((4-pyridinylmethyl)amino)-3-
pyridinecarboxamide;
N-(3-(4-piperidinyloxy)-5-(trifluoromethyl)phenyl)-2-(
(2-(3-pyridinyl)ethyl)amino)-3- pyridinecarboxamide;
N-(4,4-dimethyl-
1,2,3,4-tetrahydro-isoquinolin-7-yl)-2-(
1H-indazol-6-ylamino)-nicotinamide;
2-(lH-indazol-6-ylamino)-N-[3-(l-methylpyrrolidin-2-yl
methoxy)-5-trifluoromethyl-phenyl]- nicotinamide; N-[
1-(2-dimethylamino-acetyl)-3,3-dimethyl-2,3-dihydro-l
H-indol-6-yl]-2-(lH-indazol-6-ylamino)- nicotinamide;
2-(lH-indazol-6-ylamino)-N-[3-(pyrrolidin-2-ylmethoxy)
-5-trifluoromethyl-phenyl]-nicotinamide;
N-(l-acetyl-3,3-dimethyl-2,3-dihydro-lH-indol-6-yl)-2-
(lH-indazol-6-ylamino)-nicotinamide; 



N-(4,4-dimethyl-l
-oxo-1,2,3>4-tetrahydro-isoquinolin-7-yl)-2-(lH-indazo
l-6-ylamino)-nicotinamide;
N-[4-(tert-butyl)-3-(3-piperidylpropyl)phenyl][2-(lH-i
ndazol-6-ylamino)(3-pyridyl)]carboxamide;
N-[5-(tert-butyl)isoxazol-3-yl][2-(lH-indazol-6-ylamin
o)(3-pyridyl)]carboxamide; and
N-[4-(tert-butyl)phenyl][2-(lH-indazol-6-ylamino)(3-py
ridyl)]carboxamide. Other compounds described in the
following patents and patent applications can be used
in combination therapy: US 6,258,812, US 2003/0105091,
WO 01/37820, US 6,235,764, WO 01/32651, US 6,630,500,
US 6,515,004, US 6,713,485, US 5,521,184, US
5,770,599, US 5,747,498, WO 02/68406, WO 02/66470, WO
02/55501, WO 04/05279, WO 04/07481, WO 04/07458, WO
04/09784, WO 02/591 10, WO 99/45009, WO 00/59509, WO
99/61422, US 5,990,141, WO 00/12089 and WO 00/02871.
In some embodiments, the combination comprises a
composition of the present invention in combination
with at least one anti-angiogenic agent. Agents are
inclusive of, but not limited to, in vitro
synthetically prepared chemical compositions,
antibodies, antigen binding regions, radionuclides,
and combinations and conjugates thereof. An agent can
be an agonist, antagonist, allosteric modulator, toxin
or, more generally, may act to inhibit or stimulate
its target (e.g., receptor or enzyme activation or
inhibition), and thereby promote cell death or arrest
cell growth. Exemplary anti-tumor agents include
HERCEPTIN(tm) (trastuzumab), which may be used to
treat breast cancer and other forms of cancer, and
RJTUXAN(tm) (rituximab), ZEVALIN(tm) (ibritumomab
tiuxetan), and LYMPHOCIDE(tm) (epratuzumab), which may
be used to treat non- Hodgkin's lymphoma and other
forms of cancer, GLEEVAC(tm) which may be used to
treat chronic myeloid leukemia and gastrointestinal
stromal tumors, and BEXXAR(tm) (iodine 131
tositumomab) which may be used for treatment of
non-Hodgkins's lymphoma. Exemplary anti-angiogenic
agents include KDR (kinase domain receptor) inhibitory
agents (e.g., antibodies and antigen binding regions
that specifically bind to the kinase domain receptor),
anti- VEGF agents (e.g., antibodies or antigen binding
regions that specifically bind VEGF, or soluble VEGF
receptors or a ligand binding region thereof) such as
AVASTIN(tm) or VEGF-TRAP(tm), and anti-VEGF receptor
agents (e.g., antibodies or antigen binding regions
that specifically bind thereto), EGFR inhibitory
agents (e.g., antibodies or antigen binding regions
that specifically bind thereto) such as ERBITUX(tm)
(IMC-C225), and VECTIBDC(tm) (panitumumab) IRESSA(tm)
(gefitinib), TARCEVA(tm) (erlotinib), anti-Angl and
anti-Ang2 agents (e.g., antibodies or antigen binding
regions specificallybinding thereto or to their
receptors, e.g., Tie2/Tek), and anti-Tie2 kinase
inhibitory agents. The pharmaceutical compositions of
the present invention can also include one or more
agents (e.g., antibodies, antigen binding regions, or
soluble receptors) that specifically bind and inhibit
the activity of growth factors, such as antagonists of
hepatocyte growth factor (HGF, also known as Scatter
Factor), and antibodies or antigen binding regions
that specifically bind its receptor "c-Met" as well as
small molecules inhibitors of the c-Met kinase
activity. Other anti-angiogenic agents include
Campath, IL-8, B-FGF, Tek antagonists (Ceretti et al.,
US Publication No. 2003/0162712; US Patent No.
6,413,932), anti-TWEAK agents (e.g., specifically
binding antibodies or antigen binding regions, or
soluble TWEAK receptor antagonists; see, Wiley, US
Patent No. 6,727,225), ADAM distintegrin domain to
antagonize the binding of integrin to its ligands
(Fanslow et al., US Publication No. 2002/0042368),
specifically binding anti-eph receptor and/or
antiephrin antibodies or antigen binding regions (US
Patent Nos. 5,981,245; 5,728,813; 5,969,1 10;
6,596,852; 6,232,447; 6,057,124 and patent family
members thereof), and anti-PDGF-BB antagonists (e.g.,
specifically binding antibodies or antigen binding
regions) as well as antibodies or antigen binding
regions specifically binding to PDGF-BB ligands, and
PDGFR kinase inhibitory agents (e.g., antibodies or
antigen binding regions that specifically bind
thereto). Additional anti-angiogenic/anti-tumor agents
include: SD-7784 (Pfizer, USA); cilengitide.(Merck
KGaA, Germany, EPO 770622); pegaptanib octasodium,
(Gilead Sciences, USA); Alphastatin, (BioActa, UK);
M-PGA, (Celgene, USA, US 5712291); ilomastat, (Arriva,
USA, US 5892112); emaxanib, (Pfizer, USA, US 5792783);
vatalanib, (Novartis, Switzerland); 2-
methoxyestradiol, (EntreMed, USA); TLC ELL-1 2, (Elan,
Ireland); anecortave acetate, (Alcon, USA); alpha-D148
Mab, (Amgen, USA); CEP-7055,(Cephalon, USA); anti-Vn
Mab, (Crucell, Netherlands) DAC:antiangiogenic,
(ConjuChem, Canada); Angiocidin, (LiKine
Pharmaceutical, USA); KM-2550, (Kyowa Hakko, Japan);
SU-0879, (Pfizer, USA); CGP-79787, (Novartis,
Switzerland, EP 970070); ARGENT technology, (Ariad,
USA); YIGSR-Stealth, (Johnson & Johnson, USA);
fibrinogen-E fragment, (BioActa, UK); angiogenesis
inhibitor, (Trigen, UK); TBC-1635, (Encysive
Pharmaceuticals, USA); SC-236, (Pfizer, USA); ABT-567,
(Abbott, USA); Metastatin, (EntreMed, USA);
angiogenesis inhibitor, (Tripep, Sweden); maspin,
(Sosei, Japan); 2-methoxyestradiol, (Oncology Sciences
Corporation, USA); ER-68203-00, (IVAX, USA); Benefin,
(Lane Labs, USA); Tz-93, (Tsumura, Japan); TAN-1 120,
(Takeda, Japan); FR-1 11142, (Fujisawa, Japan, JP
02233610); platelet factor 4, (RepliGen, USA, EP
407122); vascular endothelial growth factor
antagonist, (Borean, Denmark); cancer therapy,
(University of South Carolina, USA); bevacizumab
(pINN), (Genentech, USA); angiogenesis inhibitors,
(SUGEN, USA); XL 784, (Exelixis, USA); XL 647,
(Exelixis, USA); MAb, alpha5beta3 integrin, second
generation, (Applied Molecular Evolution, USA and
Medlmmune, USA); gene therapy, retinopathy, (Oxford
BioMedica, UK); enzastaurin hydrochloride (USAN),
(Lilly, USA); CEP 7055, (Cephalon, USA and
Sanofi-Synthelabo, France); BC 1, (Genoa Institute of
Cancer Research, Italy); angiogenesis inhibitor,
(Alchemia, Australia); VEGF antagonist, (Regeneron,
USA); rBPI 2 1 and BPI-derived antiangiogenic, (XOMA,
USA); PI 88, (Progen, Australia); cilengitide(pINN).
(Merck KGaA, German; Munich Technical University,
Germany, Scripps Clinic and Research Foundation, USA);
cetuximab (INN), (Aventis, France); AVE 8062,
(Ajinomoto, Japan); AS 1404, (Cancer Research
Laboratory, New Zealand); SG 292, (Telios, USA);
Endostatin, (Boston Childrens Hospital, USA); ATN 161,
(Attenuon, USA); ANGIOSTATIN, (Boston Childrens
Hospital, USA); 2- methoxyestradiol, (Boston Childrens
Hospital, USA); ZD 6474, (AstraZeneca, UK); ZD 6126,
(Angiogene Pharmaceuticals, UK); PPI 2458, (Praecis,
USA); AZD 9935, (AstraZeneca, UK); AZD 2171,
(AstraZeneca, UK); vatalanib (pBNN), (Novartis,
Switzerland and Schering AG, Germany); tissue factor
pathway inhibitors, (EntreMed, USA); pegaptanib
(Pinn), (Gilead Sciences, USA); xanthorrhizol, (Yonsei
University, South Korea); vaccine, gene-based, VEGF-2,
(Scripps Clinic and Research Foundation, USA); SPV5.2,
(Supratek, Canada); SDX 103, (University of California
at San Diego, USA); PX 478, (ProlX, USA); METASTATIN,
(EntreMed, USA); troponin I, (Harvard University,
USA); SU 6668, (SUGEN, USA); OXI 4503, (OXiGENE, USA);
o-guanidines, ( Dimensional Pharmaceuticals, USA);
motuporamine C, (British Columbia University, Canada);
CDP 791, (Celltech Group, UK); atiprimod (pINN),
(GlaxoSmithKline, UK); E 7820, (Eisai, Japan); CYC
381, (Harvard University, USA); AE 941, (Aeterna,
Canada); vaccine, angiogenesis, (EntreMed, USA);
urokinase plasminogen activator inhibitor, (Dendreon,
USA); oglufanide (pINN), (Melmotte, USA); HIF-lalfa
inhibitors, (Xenova, UK); CEP 5214, (Cephalon, USA);
BAY RES 2622, (Bayer, Germany); Angiocidin, (InKine,
USA); A6, (Angstrom, USA); KR 31372, (Korea Research
Institute of Chemical Technology, South Korea); GW
2286, (GlaxoSmithKline, UK); EHT 0101, (ExonHit,
France); CP 868596, (Pfizer, USA); CP 564959, (OSI,
USA); CP 547632, (Pfizer, USA); 786034,
(GlaxoSmithKline, UK); KRN 633, (Kirin Brewery,
Japan); drug delivery system, intraocular, 2-
methoxyestradiol, (EntreMed, USA); anginex,
(Maastricht University, Netherlands, and Minnesota
University, USA); ABT 510, (Abbott, USA); AAL 993,
(Novartis, Switzerland); VEGI, (ProteomTech, USA);
tumor necrosis factor-alpha inhibitors, (National
Institute on Aging, USA); SU 11248, (Pfizer, USA and
SUGEN USA); ABT 518, (Abbott, USA); YH 16, (Yantai
Rongchang, China); S-3APG , (Boston Childrens
Hospital, USA and EntreMed, USA); MAb, KDR, (ImClone
Systems, USA); MAb, alpha5 betal, (Protein Design,
USA); KDR kinase inhibitor, (Celltech Group, UK, and
Johnson & Johnson, USA); GFB 116, (South Florida
University, USA and Yale University, USA); CS 706,
(Sankyo, Japan); combretastatin A4 prodrug, (Arizona
State University, USA); chondroitinase AC, (IBEX,
Canada); BAY RES 2690, (Bayer, Germany); AGM 1470,
(Harvard University, USA, Takeda, Japan, and TAP,
USA); AG 13925, (Agouron, USA); Tetrathiomolybdate,
(University of Michigan, USA); GCS 100, (Wayne State
University, USA) CV 247, (Ivy Medical, UK); CKD 732,
(Chong Kun Dang, South Korea); MAb, vascular
endothelium growth factor, (Xenova, UK); irsogladine
(INN), (Nippon Shinyaku, Japan); RG 13577, (Aventis,
France); WX 360, (Wilex, Germany); squalamine (pINN),
(Genaera, USA); RPI 4610, (Sirna, USA); cancer
therapy, (Marinova, Australia); heparanase inhibitors,
(InSight, Israel); KL 3106, (Kolon, South Korea);
Honokiol, (Emory University, USA); ZK CDK, (Schering
AG, Germany); ZK Angio, (Schering AG, Germany); ZK
229561, (Novartis, Switzerland, and Schering AG,
Germany); XMP 300, (XOMA, USA); VGA 1102, (Taisho,
Japan);VEGF receptor modulators, (Pharmacopeia, USA);
VE-cadherin-2 antagonists , (ImClone Systems, USA);
Vasostatin, (National Institutes of Health, USA);
vaccine, FIk-I, (ImClone Systems, USA); TZ 93,
(Tsumura, Japan); TumStatin, (Beth Israel Hospital,
USA); truncated soluble FLT 1 (vascular endothelial
growth factor receptor 1), (Merck & Co, USA); Tie-2
ligands, (Regeneron, USA); and, thrombospondin 1
inhibitor, (Allegheny Health, Education and Research
Foundation, USA). Alternatively, the present compounds
may also be used in co-therapies with other anti
neoplastic agents, such as VEGF antagonists, other
kinase inhibitors including p38 inhibitors, KDR
inhibitors, EGF inhibitors (such as panitumumab), CDK
inhibitors, TNF inhibitors, metallomatrix proteases
inhibitors (MMP), COX-2 inhibitors including
celecoxib, NSAID 's, ctvb3 inhibitors,
phosphatidylinitisol 3-kinase inhibitors, AKT/PCK
inhibitors, proteasome inhibitors (such as
Velcade(tm)), Trail receptor agonists (such as AMG
655), Trail (such as AMG 951), XIAP inhibitors, BCI2
inhibitors, Aurora kinase inhibitors, Raf kinases
inhibitors, ubiquitin ligase inhibitors, HGF
inhibitors (such as AMG 102), and c-Met inhibitors
(such as compounds described WO 06/1 16713 and U.S.
Serial No. 11/879,034). Also included in the family of
compounds of the current are the pharmaceutically
acceptable salts and solvates thereof. The term
"pharmaceutically-acceptable salts" embraces salts
commonly used to form alkali metal salts and to form
addition salts of free acids or free bases. The nature
of the salt is not critical, provided that it is
pharmaceutically acceptable. Suitable pharmaceutically
acceptable acid addition salts of compounds of the
current invention may be prepared from an inorganic
acid or from an organic acid. Examples of such
inorganic acids are hydrochloric, hydrobromic,
hydroiodic, nitric, carbonic, sulfuric and phosphoric
acid. Appropriate organic acids may be selected from
aliphatic, cycloaliphatic, aromatic, arylaliphatic,
heterocyclic, carboxylic and sulfonic classes of
organic acids, example of which are formic, acetic,
adipic, butyric, propionic, succinic, glycolic,
gluconic, lactic, malic, tartaric, citric, ascorbic,
glucuronic, maleic, fumaric, pyruvic, aspartic,
glutamic, benzoic, anthranilic, mesylic,
4-hydroxybenzoic, phenylacetic, mandelic, embonic
(pamoic), methanesulfonic, ethanesulfonic,
ethanedisulfonic, benzenesulfonic, pantothenic,
2-hydroxyethanesulfonic, toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, camphoric, camphorsulfonic,
digluconic, cyclopentanepropionic, dodecylsulfonic,
glucoheptanoic, glycerophosphonic, heptanoic,
hexanoic, 2- hydroxy-ethanesulfonic, nicotinic,
2-naphthalenesulfonic, oxalic, palmoic, pectinic,
persulfuric, 2- phenylpropionic, picric, pivalic
propionic, succinic, tartaric, thiocyanic, mesylic,
undecanoic, stearic, algenic, b-hydroxybutyric,
salicylic, galactaric and galacturonic acid. Suitable
pharmaceuticallyacceptable base addition salts of
compounds of the current invention include metallic
salts, such as salts made from aluminum, calcium,
lithium, magnesium, potassium, sodium and zinc, or
salts made from organic bases including primary,
secondary and tertiary amines, substituted amines
including cyclic amines, such as caffeine, arginine,
diethylamine, N-ethyl piperidine, aistidine,
glucamine, isopropylamine, lysine, morpholine, N-ethyl
morpholine, piperazine, piperidine, triethylamine,
trimethylamine. All of these salts may be prepared by
conventional means from the correspondingcompound of
the invention by reacting, for example, the
appropriate acid or base with the compound of the
current invention. When a basic group and an acid
group are present in the same molecule, a compound of
the current invention may also form internal salts.
GENERAL SYNTHETIC PROCEDURES The compounds of the
invention can be synthesized according to the
procedures 



illustrated in the following working examples, as well
as by alternative methods known to those of ordinary
skill in the art.. Additional analogs can be prepared
by the following general schemes. 227 A B Bromination
of compound 227 with NBS in analogy to the preparation
of compound 230 of example 168 provides bromo ester A.
Sonagshira coupling provides the alkyne B. Grignard
addition provides the tertiary alcohol C. Mild acidic
workup provides the fused pyran D. D The thiomethyl
group of compounds D and E can be converted to typical
substituted heteroaryl and aryl amines in analogy to
example 168 providing inhibitors such as F and G.F/G
Condensation of amine 225 with pyrimidine 222 provides
diester A2 which can undergo claisen condensation to
the keto ester B2, which is a versatile intermediate
for a number of transformations. Condensation with
hydrazines can lead to fused pyrazoles such a C2 and
D2, which can be further modified to examples of this
invention. C2 D2Aldehdye 229 can be formylated to an
equivalent of the dialdehyde A3 which can be used to
form the fused pyridazine B3, which can be further
modified to examples of this invention. A4 B4
According to Kan, Wai Ming; Lin, Shih-Hsun; Chern,
Ching-Yuh SynComm V35 p2633 y2005, amines such as
cyclopentyl amine can be added to chloroformamidines
such as A4 to form guanidines such as B4. Buchwald
coupling with halopyrimidines such as C4 followed by
intramolecular cyclization can provide substrates for
elaboration to examples of this invention. The 5 and
7-member ring analogs of A4 are also useable. C4 D4 E4
The use of uracil A5 or dialkoxypyrimidine
heterocycles can lead to more elaborate analogs. B5 C5
D5 orC6 D5 EXAMPLES The following examples are
provided by way of illustration only and not by way of
limitation. Those of skill in the art will readily
recognize a variety of noncritical parameters that
could be changed or modified to yield essentially
similar results. EXAMPLE 1 7
9-cyclopentyl-L'-(5-(l-piperazinyl)-2-pyridinyl)-9H-py
rido[4 l,3l:4,S]pyrrolo[2,3-d]pyrimidin-2- amine
S-Bromo-Z-chloro-L'-cyclopentylpyriinidin-^ainine (1):
To a solution of 5-bromo-2,4- dichloropyrimidine (45.6
g, 200 mmol) in dioxane (400 mL) was added
N-cyclopentylamine (20.4 g, 240 mmol) at room
temperature. The mixture thus obtained was stirred at
room temperature for 6 h. The reaction mixture was
then diluted with ethyl acetate and washed with brine
and dried over MgSO4. The solvent was evaporated to
give the title compound as a light yellow solid (56 g,
100%) which was used in next step without further
purification. 1H NMR (500 MHz, DMSO-d6) d 8.23 (IH,
s), 7.37 (IH,d, J=7.3 Hz), 4.31 (IH, m), 1.92 (2H, m),
1.71 (2H, m), 1.53-1.59 (4H, m) ppm; LCMS-ESI (POS),
M/Z, M+l: Found 276.0, Calculated 275.9.
5-Bromo-V-cyclopentj'lpyrimidine-2,4-diamine (2): A
solution of 1 (45 g, 200 mmol) in 28% NH4q
H/iso-propanol (1/1, 400 mL) was heated at 120 0C in a
sealed tube for 22 h. The product was extracted with
dichloromethane and the organic layers were washed
with brine and dried. The solvent was evaporated and
the residue was purified by flash chromatography on
silica gel eluting with 25% ethyl acetate in hexanes
to give the titled compound (2) as a white solid (34
g, 66%). 1H NMR (500 MHz, DMSO-d6) d 7.77 (IH, s),
6.19 (2H, br. s), 6.12 (IH, d, IH, J = 7.3 Hz),
4.33(1H, m)l .90 (2H, m), 1.69 (2H, m), 1.49-1.55 (4H,
m) ppm; LCMS-ESI (POS), M/Z, M+l: Found 257.0,
Calculated 257.0.
5-(3-Chloropyridin-4-yl)-iV4-cyclopentylpyriiiiidine-2
,4-diamine (3): To a solution of 2 (2.57 g, 10.0 mmol)
in dioxane (75 mL) were added
3-chloropyridine-4-boronic acid (4.72 g, 10.0 mmol),
transdichlorobis(
triphenylphosphine)-palladium(II)(702 mg, 1.0 mmol),
and sodium carbonate (3.82 g, 36 mmol, in 36 mL of
water). The mixture thus obtained was purged with N2
for 10 min and heated at 12O0C in a sealed tube for 22
h. The reaction mixture was diluted with water and the
product was extracted with chloroform. The organic
layers were dried (MgSO4) and concentrated. The
residue was purified by flash chromatography on silica
gel eluting with 2.5% methanol in dichloromethane to
give the title compound (3) as a white solid (2.31g,
80%). 1H NMR (500 MHz, DMSO- I6) d 8.64 (IH, s), 8.50
(IH, d, J = 4.9 Hz), 7.51 (IH, s), 7.34 (IH, d, IH, J
= 4.9 Hz), 6.21 (2H, d, IH, br s), 5.97 (IH, d, J =
7.6 Hz), 4.43 ( 1 H, p, J = 7.4Hz), 1.84 (2H, m), 1.62
(2H, m), 1.40-1.49 (4H, m) ppm; LCMS-ESI (POS), M/Z,
M+l: Found 290.0, Calculated 290. 1.Pd2(dba)3,
XantPhos t-BuONa, 15O0C
9-Cyclopentyl-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimi
din-2-amine (4): To a solution of 3 (2.3 g, 7.9 mmol)
in dioxane (60 mL) were added
tris(dibenzylideneacetone)dipalladium (0) (368 mg, 0.4
mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
(696 mg, 1.2 mmol), and sodium f-butoxide (1.15 g, 12
mmol). The mixture thus obtained was heated at 150 0C
under microwave irradiation for 3 h. The reaction
mixture was passed through a short pack silica gel
column and concentrated. The residue was purified by
flash chromatography on silica gel eluting with 2%
methanol in dichloromethane to give the title compound
(4) as a white solid ( 1.71 g, 85%). 1H NMR (500 MHz,
DMSO-d ) d 9.05 (IH, s), 8.87 (IH, br. s), 8.37 (IH,
d, J = 4.9 Hz), 7.93 (IH, d, J = 5.1 Hz), 6.97 (2H,
br. s), 5.33 (IH, p, J= 8.6Hz), 2.27 (2H, m), 2.04
(4H, m), 1.76 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+l :
Found 254. 1, Calculated 254. 1. Pd2(dba)3, XantPhos
t-BuONa, toluene
4-(4-Chloro-pvrid-2-yI)-piperidine-l-carboxylic acid
t-butyl ester (5): As reported in Ji, J.; Li, T.;
Bunnelle, W. H., Org. Lett. 2003, 5, (24), 4611-4614,
f-butyl 1-piperazinecarboxylate (11.18 g, 60 mmol),
sodium t-butoxide (8.64 g, 90 mmol), Pd2(dba)3 ( 1.10
g, 1.20 mmol), and XantPhos (2.08 g, 3.6 mmol) were
added to a solution of 5-bromo-2-chloropyridine (
11.54 g, 60 mmol) in toluene (300 mL). The mixture was
evacuated and purged with argon (3 cycles), then
heated at 100 0C for 5 h. The reaction mixture was
then cooled to room temperature, diluted with ethyl
acetate (1200 mL) and washed with water (300 mL). The
organic solution was concentrated under pressure, and
the residue was purified by flash chromatography on
silica gel eluting with 17% ethyl acetate in hexane to
give compound 5 as a light yellow solid (14.56 g,
82%). 1H NMR (400 MHz, CDCl3) d 8.02 (IH, s), 7.19 -
7.18 (2H, m), 3.59 (4H, dd, J = 12 Hz, J = 4 Hz), 3.14
(4H, dd, J = 12 Hz, J = 4 Hz), 1.49 (9H, s) ppm;
LCMS-ESI (POS), M/Z, M+l: Found 298.1, Calculated
298.1.Pd2(dba)3, XantPhos t-BuONa, 1500C t-Butyl
4-(6-((9-cyclopentyl-9H-pyrido[4
t,3':4,5lpyrrolo[2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyl)-l-piperazinecarboxylate (6): To a solution
of compound 4 (1.6 g, 6.3 mmol) in dioxane (60 mL)
were added compound S (2.3 g, 7.6 mmol),
tris(dibenzylideneacetone) dipalladium (0) (293 mg,
0.32 mmol),
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (370
mg, 0.64 mmol), and sodium /-butoxide (908 mg, 9.45
mmol). The mixture thus obtained was heated at 150 0C
under microwave irradiation for 1 h. The reaction
mixture was passed through a short pack silica gel
column and concentrated to give the title compound 6
as a yellow solid (3.28 g) which was used in next step
without further purification. 1H NMR (500 MHz,
DMSO-d6) d 9.1 1 (IH, s), 8.93 (IH, br. s), 8.53 (IH,
d, J = 5.1 Hz), 8.44 (IH, d, J = 9.3 Hz), 8.28 (IH,
br. s), 8.09 (1 H, d, J = 2.9Hz), 7.87 (IH, dd, J =
5.1Hz, 0.9Hz), 7.41 (IH, dd, J = 9.3Hz, 2.9Hz), 5.40
(IH, p, J = 8.8Hz), 3.65 (4H, t, J = 5.2Hz), 3.15 (4H,
t, J = 4.9Hz), 2.46 (2H, m), 2.15-24 (4H, m), 1.91
(2H, m), 1.52 (9H, s) ppm; LCMS-ESI (POS), M/Z, M+l:
Found 515.2, Calculated 515.3. 9-Cyclopentyl-
L'-(5-(l-piperazinyl)-2-pyridinyl)-9H-pyrido [4',3 '
:4,5]pyrrolo [2,3-d]pyrimidin-2- amine (7): A solution
of compound 6 (3.28 g, 6.37 mmol) in TFA/DCM (60, 1:1)
was stirred at room temperature for 30 min. The
reaction mixture was concentrated and the residue was
purified by chromatography on silica gel eluting with
CH2Cl2/methanol/NH 4qH (200:10:1) to give the title
compound (7) as an off-white solid (2.60 g, 98%). 1H
NMR (400 MHz, DMSO-d6) d 9.86 (IH, s), 9.28 (IH, s),
9.01 (IH, s), 8.68 (IH, br s), 8.45 (IH, d, J = 4 Hz),
8.23 ( 1 H, d, J = 8 Hz), 8.10 (IH, d, J = 4Hz), 8.04
(IH, d, J= 8 Hz), 7.54 (IH, dd, J = 8 Hz, J = 4 Hz),
5.43 (IH, p, J = 8 Hz), 3.35 (4H, m), 3.26 (4H, m),
2.40 (2H, m), 2.03-2.10 (4H, m), 1.78 (2H, m) ppm;
LCMS-ESI (POS), M/Z, M+l: Found 415.1, Calculated
415.2. EXAMPLE 2 8 9-Cyclopentyl- LH5-(l-(
L^-methylpiperazinyl))-2-pyridiiiyl)-9H-pyrido-
[4',3':4,5]pyrrolo[2,3- d]pyrimidin-2-amine Compound 8
was prepared using chemistry similar to that described
in example 1. 1H NMR (500 MHz, CDCl ) d 9.07 (IH, s),
8.90 (IH, s), 8.51 (IH, d, J = 5 Hz), 8.39 (IH, d, J =
8 Hz), 8.06 (IH, s), 8.05 ( 1 H, s), 7.84 (IH, d, J =
5 Hz), 7.39 (IH, dd, J = 8 Hz, J = 2 Hz), 5.39 (IH, p,
J = 8 Hz), 3.22 (4H, t, J = 5 Hz), 2.63 (4H, t, J = 5
Hz), 2.44 (2H, m), 2.39 (3H, s), 2.14-2.21 (4H, m),
1.88 (2H, m) ppm; LCMSESI (POS), M/Z, M+l: Found
429.2, Calculated 429.2. 9 (9-Cyclopentyl-9//-pyrido
[4 ',3':4,5] pyrrolo[2,3-</]
pyrimidin-2-yl)-(4-piperazin-l -yl-phenyl)-amine
Compound 9 was prepared using chemistry similar to
that described in example 1. 1H NMR (500 MHz, CD3OD) d
9.39 ( 1 H, s), 9.15 ( 1 H, s), 8.49 (2 H, s), 7.72 (2
H, d, 7=5.0 Hz), 7.1 1 (2 H, d, 7=5.0 Hz), 5.33 ( 1 H,
m), 3.43 (8 H, m), 2.54 (2 H, m), 2.22 (2 H, m), 2.21
(2 H, m), 1.86 (2 H, m) ppm; LCMSESI (POS), M/Z, M+l:
Found 414.2, Calculated 414.2.EXAMPLE 4 10 (
)-9-cyclopentyI-
L'-(6-(l-(3-methylpiperazinyl)-3-pyridazinyl)-9H-pyrid
o[4'^':4,5]- pyrrolo [2,3d]pyrimidin-2-amine 11 (
)-tert-butyl
4-(6-chloropyridazin-3-yl)-2-methylpiperazine-l-carbox
ylate (11): A mixture of 3,6- dichloropyridazine (298
mg, 2 mmol) and ( )-l- N-Boc-2 -methyl piperazine (401
mg, 2.0 mmol) in N,N-diisopropylethylamine (0.7 mL, 4
mmol) was sitrred at 120 0C for 5 h. The reaction
mixture was diluted with ethyl acetate and washed with
brine (2x), then dried over MgSO . The salts were
removed by filtration and the filtrate was
concentrated and the residue was purified by
chromatography on silica gel eluting with 20% to 80%
ethyl acetate in hexane to give compound lias a light
yellow solid (51 1 mg, 82%). . 1H NMR (500 MHz, CD3OD)
d 7.24 (IH, d, J = 10 Hz), 6.88 (IH, d, J = 10 Hz),
4.38 (IH, br s), 4.17 (IH, d, J = 10 Hz), 4.05 - 3.97
(2H, m), 3.39 (IH, dd, J = 15 Hz, J = 5 Hz), 3.29 (IH,
ddd, J = 15 Hz, J = 10 Hz, J = 5 Hz), 1.51 (9H, s),
1.21 (3H, d, J = 10 Hz) ppm; LCMS-ESI (POS), M/Z, M+l:
Found 313.1, Calculated 313.1.t-Butyl
4-(6-((9-cydopentyl-9H-pyridol4',3
f:4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-3-
pyridazinyl)-l-piperazinecarboxylate (12): To a
solution of compound 4 ( 112 mg, 0.40 mmol) in dioxane
(4 mL) were added compound 11 (150 mg, 0.48 mmol),
tris(dibenzylideneacetone)dipalladium (0) (18.4 mg,
0.02 mmol),
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (35
mg, 0.06 mmol), and sodium <-butoxide (58 mg, 0.60
mmol). The mixture thus obtained was heated at 150 0C
under microwave irradiation for 1 h. The reaction
mixture was passed through short pack silica gel
column and concentrated to give a crude 12 (purity =
85%) as a yellow solid (240 mg) which was used in next
step without further purification. LCMS-ESI (POS),
M/Z, M+l: Found 530.3, Calculated 530.3. 12 10
(/?)-9-cycIopentyl-
L'-(6-(l-(3-methylpiperazinyl)-3-pyridazinyl)-9H-pyrid
o[4'^ l :4,S]- pyrrolo[2,3d]pyrimidin-2-amiae (10): A
solution of compound 12 (240 mg, purity = 85%, 0.385 



mmol) in TFA/DCM (4 mL, 1:1) was stirred at room
temperature for 30 min. The reaction mixture was
concentrated and the residue was purified by
chromatography on silica gel eluting with
CH2Cl2/methanol/NH 4q H (200:10:1) to give compound 10
as an off-white solid ( 120 mg, 73%). 1H NMR (500 MHz,
DMSO-d6) d 10.19 (IH, s), 9.27 (IH, s), 9.01 (IH, s),
8.46 (IH, d, J = 5 Hz), 8.18 (IH, d, J = 10 Hz), 8.05
(IH, d, J = 5 Hz), 7.40 (IH, d, J = 10 Hz), 5.34 (IH,
p, J = 10 Hz), 4.1 1 (2H, m), 2.97 (IH, m), 2.79 -
2.72 (3H, m), 2.44 - 2.34 (3H, m), 2.09 - 2.04 (4H,
m), 1.74 (2H, m), 1.04 (3H, d, J = 5 Hz) ppm; LCMS-ESI
(POS), M/Z, M+l: Found 430.2, Calculated 430.2.EXAMPLE
5 13
9-cyclopentyl-N-(5-methyl-6-(l-piperazinyl)-3-pyridiny
l)-9H-pyrido-[4'^':4,5]pyrrolo[2^- d]pyrimidin-2-amine
Compound 13 was prepared using chemistry similar to
that described in example 4. 1H NMR (500 MHz, DMSO-d )
d 10.42 (IH, br s), 9.57 (IH, s), 9.38 (IH, s), 8.86
(2H, br s), 8.67 (IH, d, ), 8.57 (IH, d, J = 6.1Hz),
8.52 (IH, d, J = 2.7Hz), 8.03 (IH, s), 5.33 (IH, p, J
= 8.8 Hz), 3.26 (8H, m), 2.43 (2H, m), 2.32 (3H, s),
2.13 (2H, m), 2.00 (2H, m), 1.74 (2H, m) ppm; LCMS-ESI
(POS), M/Z, M+l : Found 429.2, Calculated 429.2.
EXAMPLE 6 14
9-cyclopentyl-N-(6-(l-piperazinyl)-3-pyridazinyl)-9H-p
yrido[4',3':4,5]-pyrroIo[2,3d]pyrimidin-2- amine
Compound 14 was prepared using chemistry similar to
that described in example 4. 1H NMR (500 MHz, DMSO-de)
d 11.16 (IH, br s), 9.63 (IH, s), 9.41 (IH, s), 9.01
(2H, br s), 8.71 (IH, d, J = 6.1Hz), 8.64 (IH, d, J =
6.1Hz), 8.23 (IH, d, J = 9.8Hz), 7.69 (IH, d, J =
9.8Hz), 5.37 (IH, p, J = 8.8 Hz), 3.82 (4H, t, J = 5.4
Hz), 3.29 (4H, m), 2.39 (2H, m), 2.13 (2H, m), 2.04
(2H, m), 1.74 (2H, m) ppm; LCMSESI (POS), M/Z, M+l:
Found 416.2, Calculated 416.2.EXAMPLE 7 15
9-cyclopentyl-N-(6-(l-piperazinyl)-3-pyridinyl)-9H-pyr
ido[4',3':4,5]pyrrolo[2,3-d]pyrimidin-2- amine
Compound 15 was prepared using chemistry similar to
that described in example 4. 1H NMR (500 MHz, CD3OD) d
9.43 (IH, s), 9.18 (IH, s), 8.65 (IH, d, J = 2.6 Hz),
8.53 (2H, s), 8.10 (IH, dd, J = 9.0 Hz, 2.4 Hz), 7.1 1
(IH, d, J = 9.3 Hz), 5.37 (IH, p, J = 8.6 Hz), 3.85
(4H, t , J = 5.3 Hz), 3.40 (4H, t, J = 5.1 Hz), 2.49
(2H, m), 2.23 (2H, m), 2.21 (2H, m), 1.86 (2H, m) ppm;
LCMS-ESI (POS), M/Z, M+l: Found 415.1, Calculated
415.2. EXAMPLE 8 16
9-cyclopentyl-N-(2-(l-piperazinyl)-5-pyrimidinyl)-9H-p
yrido[4',3':4,5]pyrrolo[2 3-d]pyrimidin-2- amine
Compound 16 was prepared using chemistry similar to
that described in example 4. 1H NMR (500 MHz, CD3OD) d
9.40 (IH, s), 9.16 (IH, s), 8.82 (2H, s), 8.51 (IH, d,
J = 6.1 Hz), 8.49 (IH, d, J = 6.1 Hz), 5.35 (IH, p, J
= 8.5 Hz), 4.12 (4H, t, J = 5.4 Hz), 3.35 (4H, t, J =
5.4 Hz), 2.47 (2H, m), 2.23 (2H, m), 2.10 (2H, m),
1.85 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+l: Found
416.2, Calculated 416.2.EXAMPLE 9 17
(5)-9-cyclopentyl-iV-(6-(l-(3-methylpiperazinyl)-3-pyr
idazinyl)-9H-pyrido[4'^':4,5]-
pyrrolo[2,3d]pyriniidin-2-amine Compound 17 was
prepared using chemistry similar to that described in
example 4. 1H NMR (500 MHz, DMSO-d(,-d6) d 10.19 (IH,
s), 9.27 (IH, s), 9.01 (IH, s), 8.46 (IH, d, J = 5
Hz), 8.18 (IH, d, J = 10 Hz), 8.05 (IH, d, J = 5 Hz),
7.40 (IH, d, J = 10 Hz), 5.34 (IH, p, J = 10 Hz), 4.1
1 (2H, m), 2.97 (IH, m), 2.79 - 2.72 (3H, m), 2.44 -
2.34 (3H, m), 2.09 - 2.04 (4H, m), 1.74 (2H, m), 1.04
(3H, d, J = 5 Hz) ppm; LCMS-ESI (POS), M/Z, M+l :
Found 430.2, Calculated 430.2. EXAMPLE 10 18
9-cyclopentyl-iV-(6-(l-(3,3-dimethylpiperazinyl)-3-pyr
idazinyI)-9H-pyrido[4 l 3l :4,5]-
pyrrolo[2,3d]pyrimidin-2-amine Compound 18 was
prepared using chemistry similar to that described in
example 1. 1H NMR (500 MHz, CDCl3) d 9.37 (IH, br s),
9.19 (IH, s), 8.87 (IH, s), 8.50 - 8.46 (2H, m), 7.84
(IH, d, J = 5 Hz), 7.04 (IH, d, J = 5 Hz), 5.34 (IH,
p, J = 10 Hz), 3.54 (2H, t, J = 5 Hz), 3.36 (2H1br s),
3.07 (2H, t, J = 5 Hz), 2.36 (2H, m), 2.17 (2H, m),
2.09 (2H, m), 1.84 (2H, m), 1.21 (6H, s)ppm; LCMS-ESI
(POS), M/Z, M+l : Found 444.2, Calculated
444.3.EXAMPLE 11 19 9-cyclopentyl-
L'-(5-(l-(4-aminopiperadinyl)-2-pyridinyl)-9H-pyrido[4
',3':4,5]- pyrrolo [2,3d]pyrimidin-2-amine Compound 19
was prepared using chemistry similar to that described
in example 1. 1H NMR (500 MHz, DMSO-d6) d 9.72 (IH,
s), 9.26 (IH, s), 9.00 (IH, s), 8.44 (IH, d, J = 5
Hz), 8.15 (IH, d, J = 10 Hz), 8.03 (IH, d, J = 5 Hz),
8.02 (IH, d, J = 2Hz), 7.46 (IH, dd, J = 10 Hz, J = 2
Hz), 5.36 (IH, p, J = 5 Hz), 3.61 (2H, m), 2.77 - 2.71
(3H, m), 2.41 - 2.36 (3H, m), 2.09 - 2.05 (4H, m),
1.83 - 1.76 (4H, m), 1.39 (2H, m) ppm; LCMS-ESI (POS),
M/Z, M+l: Found 429.2, Calculated 429.2. EXAMPLE 12 20
9-cyclopentyl- L'-(5-(l-( L4
V4-dimethylaminopiperadinyl)-2-pyridinyl)-9H-pyrido[4'
,3':4,5]- pyrrolo [2,3d]pyrimidin-2-amine Compound 20
was prepared using chemistry similar to that described
in example 1. 1H NMR (500 MHz, CDCl3) d 9.07 (IH, s),
8.90 (IH, s), 8.51 (IH, d, J = 5 Hz), 8.38 (IH, d, J =
10 Hz), 8.12 (IH, s), 8.07 (IH, d, J = 2Hz), 7.84 (IH,
d, J = 5 Hz), 7.41 (IH, dd, J = 10Hz, J = 2 Hz),
5.38(1H, p, J = 10 Hz), 3.68 (2H, m), 2.77 (2H, td, J
= 15 Hz, J = 5 Hz), 2.44 (2H, m), 2. 34 (6H, s), 2.29
(IH, m), 2.22 - 2.14 (4H, m), 1.97 (2H, m), 1.88
(2H1m), 1.72 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+l :
Found 457.2, Calculated 457.3.EXAMPLE 13 21
9-cyclopentyl-L'-(6-(l-(L'4
V4-dimethylaininopipera(linyl)-3-pyridazinyl)-9H-pyrid
o[4' }':4,5]- pyrrolo[2,3d]pyrimidin-2-amine Compound
21 was prepared using chemistry similar to that
described in example 4. 1H NMR (500 MHz, DMSO-d ) d
10.17 (IH, s), 9.26 (IH, s), 9.00 (IH, s), 8.44 (IH,
d, J = 5 Hz), 8.16 (IH, d, J = 10 Hz), 8.04 (IH, d, J
= 5 Hz), 7.42 (IH, d, J = 10Hz), 5.33(1H, p, J = 10
Hz), 4.30 (2H, m), 2.88 (2H, td, J = 15 Hz, J = 5 Hz),
2.36 - 2.32 (3H, m), 2. 19 (6H, s), 2.10 - 2.02 (4H,
m), 1.84 (2H, m), 1.74 (2H, m), 1.42 (2H, m) ppm;
LCMS-ESI (POS), Wl, M+l: Found 458.2, Calculated
458.3. EXAMPLE 14
9-Phenyl-iV-(5-(l-piperazinyl)-2-pyridinyl)-9H-pyrido[
4',3':4,5]pyrrolo[2,3-dlpyrimidin-2-amine Compound 22
was prepared using chemistry similar to that described
in example 1. 1H NMR (500 MHz, DMSO-d ) d 8.76 (IH,
s), 8.52 (IH, d, J = 5 Hz), 8.13 (IH, d, J = 5 Hz),
8.08 (IH, d, J = 10 Hz), 7.97 (IH, br s), 7.82 - 7.80
(2H, m), 7.32 - 7.30 (2H, m), 7.57(1H, dd, J = 10 Hz,
J = 5 Hz), 7.31 (IH, dd, J = 10 Hz, J = 5 Hz), 3.03
(4H, m), 2.85 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+l :
Found 423.2, Calculated 423.2.EXAMPLE 15 23
9-(4-fluorophenyl-iV-(5-(l-piperazinyl)-2-pyridinyl)-9
H-pyrido[4',3':4,51pyrrolo[2,3-d]pyrimidin- 2-amine
Compound 23 was prepared using chemistry similar to
that described in example 1. 1H NMR (500 MHz, DMSO-de)
d 9.86 (IH, s), 9.37 (IH, s), 8.73 (IH, s), 8.51 (IH,
d, J = 5 Hz), 8.13 (IH, d, J = 5 Hz), 8.06 (IH, d, J =
10 Hz), 7.97 (IH, s), 7.87(2H, d, J = 5 Hz), 7.55 (2H,
dd, J = 10 Hz, J = 5 Hz), 7.34(1H, dd, J = 10 Hz, J =
5 Hz), 3.03 (4H, m), 2.85 (4H, m) ppm; LCMS-ESI (POS),
M/Z, M+l : Found 441.1, Calculated 441.2. EXAMPLE 16
24 9-(4-methoxyphenyl-
L-(5-(l-piperazinyl)-2-pyridinyl)-9H-pyrido-[4',3':4,5
]pyrrolo[2^- d]pyrimidin-2-amine Compound 24 was
prepared using chemistry similar to that described in
example 1. 1H NMR (500 MHz, DMSO-de) d 9.82 (IH, s),
9.36 (IH, s), 8.68 (IH, s), 8.50 (IH, d, J = 5 Hz),
8.1 1 (IH, d, J = 5 Hz), 8.08 (IH, s), 7.98 (IH, d, J
= 5 Hz), 7.70(2H1d, J = 10 Hz), 7.34 (IH, d, J = 10
Hz), 7.25(1H, d, J = 10 Hz), 3.89 (3H, s), 3.05 (4H,
m), 2.88 (4H, m) ppm; LCMS-ESI (POS), M/Z, M+l: Found
453.2, Calculated 453.2.EXAMPLE 17 25 (9-Phenyl-9
-pyrido[4'
':4,5]pyrrolo[2,3-rflpyriinidin-2-yl)-(4-piperazin-l-y
l-phenyl)-amine Compound 25 was prepared using
chemistry similar to that described in example 1. 1H
NMR (500 MHz, CD3OD) d 9.10 (IH, s), 8.87 (IH, s),
8.58 (IH, d, J = 5 Hz), 7.87 (IH, s), 7.74 (2H, d, J =
5 Hz), 7.67 (2H, dd, J = 10 Hz, J = 5 Hz), 7.58 - 7.53
(3H, m), 6.92 (2H, d, J = 5 Hz), 3.13 (4H, m), 3.07
(4H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found 422.2,
Calculated 422.2. EXAMPLE 18 26 (
)-9-cyclopentyl-N-(6-(3-hydroxypyrrolidin-l-yl)-3-pyri
dazinyl)-9H-pyrido[4',3':4,5]- pyrrolo [2,3d]
pyrimidin-2-amine H 27
(/?)-l-(6-Chloropyridazin-3-yl)pyrroIidin-3-ol (27): A
solution of 3,6-dichloropydazine ( 1.49 g, 10 mmol)
and ( )-3-hydroxypyrrolidine (871 mg, 10 mmol) in
dioxane (20 mL) was heated at 120 0C for 1O h. The
reaction mixture was diluted with ethyl acetate and
washed with 5% NaHCO3 and brine, dried. The solvent
was evaporated and the residue was purified by
chromatography on silica gel elutingwith 2.5% methanol
in dichloromethane to give the compound 27 as a yellow
solid (815 mg, 41%). LCMS-ESI (POS), M/Z, M+l : Found
200.0, Calculated 200.0. DMS 28
(/.)-3-(3-(tert-butyldimethylsilyloxy)pyrrolidin-l-yl)
-6-chloropyridazine (28): To a solution of compound 27
(815 mg, 4.08 mmol) in DMF (15 mL) were added
/-butyldimethylsilyl chloride (738 mg, 4.9 mmol) amd
imidazole (556 mg, 8.16 mmol). The thus obtained
solution was stirred at room temperature for 6 h. The
reaction mixture was concentrated and the residue was
purified by chromatography on silica gel eluting with
15% to 50% to give the compound 28 as a white solid
(1.087 g, 85%). LCMS-ESI (POS), M/Z, M+l: Found 314.1,
Calculated 314.1. 28 29 (
)-9-CycIopentyl-L-(6-(3-(tert-butyldimethylsilyloxy)py
rrolidin-l-yl)-3-pyridazinyl)-9H-pyrido-
[4',3':4,5]-pyrrolo[2,3d]pyrimidin-2-amine (29): To a
solution of compound 4 (202 mg, 0.80 mmol) in dioxane
(8 mL) were added compound 28 (3 13 mg, 1.0 mmol),
tris(dibenzylideneacetone)dipalladium (0) (36.8 mg,
0.04 mmol), 4,5-bis(diphenylphosphino)-9,9-
dimethylxanthene (69.4 mg, 0.12 mmol), and sodium
f-butoxide ( 115 mg, 1.2 mmol). The mixture thus
obtained was heated at 150 0C under microwave
irradiation for 1 h. The reaction mixture was passed
through a short pack silica gel column and
concentrated to give compound 29 as a yellow solid
(316 mg, 82% purity ) which was used in next step
without further purification. LCMS-ESI (POS), M/Z,
M+l: Found 531.1, Calculated 531.2.29 26
(/?)-9-cyclopentyl-N-(6-(3-hydroxypyrrolidin-l-yl)-3-p
yridazinyl)-9H-pyrido-[4',3':4,5]-
pyrrolo[2,3d]pyrimidin-2-amine (26): A solution of
compound 29 (316 mg, purity 82%, 0.49 mmol) 



in THF (4 mL) was treated with IM tetrabutylammonium
fluoride in THF ( 1 mL) at room temperature for 0.5 h.
The reaction mixture was concentrated and the residue
was purified by chromatography on silica gel eluting
with 2.5% methanol in dichloromethane to give a yellow
solid. The yellow solid was washed with
dichloromethane to give compound 26 as a light yellow
solid (182 mg, 90%). 1H NMR (500 MHz, DMSO-d ) d 10.05
(IH, s), 9.24 (IH, s), 8.99 (IH, s), 8.44 (IH, d, J =
5 Hz), 8.10 (IH, d, J = 10 Hz), 8.03 (IH, d, J = 5
Hz), 6.99 (IH, d, J = 10Hz), 5.32(1H, p, J = 10 Hz),
5.00 (IH, d, J = 5 Hz), 4.43 (IH, br s), 3.58 - 3.51
(3H, m), 3.40 (IH, m), 2.37 - 2.30 (2H, m), 2.09 -
2.02 (5H, m), 1.95 (IH, m), 1.74 (2H, m) ppm; LCMS-ESI
(POS), M/Z, M+l: Found 417.3, Calculated 417.2.
EXAMPLE 19 30
(-S)-9-cyclopentyl-N-(6-(3-hydroxypyrrolidin-l-yl)-3-p
yridazinyl)-9H-pyrido[4',3':4,5]-
pyrrolo[2,3d]pyrimidin-2-amine Compound 30 was
prepared using chemistry similar to that described in
example 18. 1H NMR (500 MHz, DMSO-d6) d 10.05 (IH, s),
9.24 (IH, s), 8.99 (IH, s), 8.44 (IH, d, J = 5 Hz),
8.10 (IH, d, J = 10 Hz), 8.03 (IH, d, J = 5 Hz), 6.99
(IH, d, J = 10Hz), 5.32(1H, p, J = 10 Hz), 5.00 (IH,
d, J = 5 Hz), 4.43 (IH, br s), 3.58 - 3.51 (3H, m),
3.40 (IH, m), 2.37 - 2.30 (2H, m), 2.09 - 2.02 (5H,
m), 1.95 (IH, m), 1.74 (2H, m) ppm; LCMS-ESI (POS),
M/Z, M+l: Found 417.3, Calculated 417.2.EXAMPLE 20 31
(5-Piperazin-l-yl-pyridine-2-yl)-[9-(tetrahydro-pyran-
4-yl)-9//-pyrido-
[4',3',4,5]pyrroIo[2,3-</]pyrimidin-2-yl]-amine 32
(5-bromo-2-chloro-pyrimidin-4-yl)-(tetrahydro-pyran-4-
yl)-amine (32). 5-Bromo-2, 4- dichloropyrimidine (5.0
g, 2 1.9 mmol), tetrahydro-2H-pyran-4-amine (2.22 g, 2
1.9 mmol), and N-ethyl- N-isopropylpropan-2-amine
(4.25 g, 32.9 mmol) were dissolved in dioxane (50 ml)
and the reaction was stirred at room temperature for
12 hours. Ethyl acetate was added to the reaction
mixture and the organic layer was washed with water
and brine. The organic layer was dried with sodium
sulfate. Removal of solvent gave
(5-bromo-2-chloro-pyrimidin-4-yl)-(tetrahydro-pyran-4-
yl)-amine (32) as a light yellow solid (6.75g, 99%).
1H NMR (500 MHz, CD3OD) d ppm 8.04 ( 1 H, s),
4.14-4.21 ( 1 H, m), 3.89 (2 H, dd, J = 11.4, 4.3 Hz)
3.43 (2 H, td, J = 11.9, 2.0 Hz), 1.80 (2 H, ddd, J =
12.6, 4.2, 1.8 Hz), 1.63 (2 H, qd, J =12.2, 4.5, Hz);
LCMS-ESI (POS), M/Z, M+l : Found 292.0, Calculated
292.5-Bromo-N4-(tetrahydro-pyran-4-yl)-pyrimidine-2,4-
diamine (33): To a suspension of compound 32 (6.60 g,
23 mmol) in isopropyl alcohol (40 ml) was added
ammonia (aq. 28%, 80 ml). This reaction mixture was
heated to 1300C for 14 hours in a pressure vessel. The
reaction mixture was cooled down to room temperature
and to this mixture was added ethyl acetate. The
reaction mixture was washed with water and brine. The
ethyl acetate layer was dried with sodium sulfate and
concentrated to give compound 33 (4.75 g, 77%). 1H NMR
(500 MHz, CD3OD) d ppm 7.79 ( 1 H, s), 4.24 ( 1 H, m),
3.99- 4.02 (2 H, dd, 7=1 1.0, 2.2 Hz), 3.52 (2 H, td,
J=I 1.9, 2.0 Hz), 1.92-1 .96 (2 H, m), 1.69 (2 H, m);
LCMS-ESI (POS), M/Z, M+l: Found 273, Calculated 273.0
5-(3-Chloro-pyridin-4-yl)-N
4-(tetrahydro-pyran-4-yl)-pyrimidine-2, 4-diamine
(34): A mixture of compound 33 (2.03g, 7.43 mmol),
3-chloropyridin-4-ylboronic acid (3.51 g, 22.3 mmol),
and Pd(PPh3)2Cl2 (0.522 g, 0.743 mmol) in dioxane (44
ml) in a pressure vessel was purged with N2 for 20
minutes and to this mixture was added aq. Na2CO3 ( 1
M, 22 mL) by syringe. The reaction was further purged
with N2 for another 20 minutes and then heated to 130
C for 12 hours. DCM was added to the reaction and the
mixture was washed with water and brine. The organic
layer was dried with sodium sulfate and concentrated
to provide compound 34 (2.07 g, crude, 98%) which was
used in the next reaction without further
purification. LCMS-ESI (POS), M/Z, M+l: Found 306.1,
Calculated 306.1. 34
354-{6-[9-(Tetrahydro-pyran-4-yl)-9H-pyrido[4',3',4,
5]pyrrolo[2,3-</]pyrimidin-2-ylamino]-
pyridin-3-yl}-piperazine-l-carboxyIic acid tert-butyl
ester (35): Compound 34 (150 mg, 491 mmol), Pd2(dba)3
(22.5 mg, 24.5 mmol),
4,5-bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene
(28.4 mg, 49.1 mmol), sodium 2-methylpropan-2-olate (
1 18 mg, 1226 mmol) in dioxane (4 ml) was purged with
N2 for 20 minutes. The reaction was heated up to 150
0C in microwave for 1 hour. Then a solution of
compound 5 (146 mg, 491 mmol) in dioxane ( 1 ml)) was
added to the reaction mixture and the reaction was
purged with N2 for another 20 minutes. This reaction
was heated to 1200C under microwave irradiation for 2
hours. DCM was added to the reaction and the mixture
was washed with water and brine. The organic layer was
dried with sodium sulfate and concentrated.
Purification by flash chromatography (DCMLnethanol)
gave compound 35 (102 mg). LCMS-ESI (POS), M/Z, M+l :
Found 531.2, Calculated 531.3 35 31
(5-Piperazin-l-yl-pyridine-2-yl)-
[9-(tetrahydro-pyran-4-yl)-9/7-pyrido[4',3 ',4,5]
pyrrolo- [2,3- </]pyrimidin-2-yl]-amine (31): Compound
35 (100 mg) was treated with 5 mL of 4 N HCl in
dioxane for 1 hour. The product, which was not soluble
in dioxane, was collected and then washed with ethyl
acetate and a small amount of methanol to obtain
compound 31 as its HCl salt (20 mg, 25%). 1H NMR (500
MHz, DMSO-d6) d ppm 9.65 ( 1 H, s), 9.59 ( 1 H, s),
9.37 ( 1 H, s), 8.27 (2 H, s), 8.14 ( 1 H, s), 8.05 (
1 H, s), 7.80(1 H, s), 5.20 (2 H, m), 4.10 (2 H, d,
7=3.2 Hz), 3.71 (br s), 3.6 (2 H, m), 3.46 (4 H, s),
3.27 (4 H, s), 2.83 (2 H, dd, 7=1 1.9, 3.8 Hz), 1.90
(2 H, d, 7=10.5 Hz); LCMS-ESI (POS), M/Z, M+l : Found
431.2, Calculated 431.2 EXAMPLE 2136 (9-Cyclohexyl-9J
-pyrimido[4,5-
]indol-2-yl)-(4-piperazin-l-yl-phenyl)-amine 37
(S-Bromo-l-chloro-pyrimidin^-y^-cycIohexyl-phenyl-amin
e (37): 5-Bromo-2,4-dichloropyrimidine (2. 17 ml,
17.14 mmol) and cyclohexyl-phenyl-amine (2.0 g, 11.43
mmol) were dissolved in N-methylpyrrolidone (NMP) (25
ml), and this reaction was heated to 120 0C for 24
hours. The reaction was cooled to room temperature and
diluted with ethyl acetate, washed with water and
brine. The organic phase was dried using sodium
sulfate and concentrated. Purification by flash
chromatography (ethyl acetate/hexane) gave compound 37
as a yellow solid (855 mg, 24%). 1H NMR (500 MHz,
DMSO-d6) d ppm 8.27 ( 1 H, s), 7.41 (3 H, m), 7.21 (2
H, m), 4.62 ( 1 H, m), 1.93 (2 H, d, 7=10 Hz), 1.75 (2
H, d, 7=10 Hz), 1.58 ( 1 H, d, 7=10 Hz), 1.34 (2 H,
m), 1.15 (2 H, m), 0.91 ( 1 H, m). 37 38
4-{4-[5-Bromo-4-(cyclohexyl-phenyl-amino)-pyrimidin-2-
ylamino]-phenyl}-piperazine-lcarboxylic acid
tert-butyl ester (38): Compound 37 (0.42 g, 1.15 mmol)
and 4-(4-amino-phenyl)- piperazine-1-carboxylic acid
tert-butyl ester (0.64 g, 2.30 mmol) were dissolved in
dioxane (2 mL), and this mixture was heated at 100 0C
for 24 hours. The reaction was cooled to room
temperature and diluted with ethyl acetate. This
mixture was washed with water and brine. The organic
layer was dried with sodium sulfate and purified by
flash chromatography (ethyl acetate/hexane) to give
compound 38 as a yellow solid (0.23 g, 33%). 1H NMR
(500 MHz, DMSO-d f,) d ppm 9.18 ( 1 H, s), 7.97 ( 1 H,
s), 7.55 ( 2 H, d, 7=10 Hz), 7.37 ( 2 H, m), 7.31 ( 1
H, m), 7.12 (2 H, m), 6.89 (2 H, d, 7=10 Hz), 4.68 ( 1
H, m), 3.44 ( 4 H, m), 3.00 (4 H, m), 1.91 ( 2 H,
d,7=10 Hz), 1.72 (2 H, d,7=10 Hz), 1.57 ( 1 H, d, 7=10
Hz), 1.41 (9 H, s), 1.35 (2 H, m), 1.14 (2 H, m), 0.92
(1 H, m); LCMS-ESI (POS), M/Z, M+l: Found 609.2,
Calculated 607.2/609.2.38 39 36 (9-CyclohexyI-9
-pyrimido[4,5-
]indol-2-yl)-(4-piperazin-l-yl-phenyl)-amine(36). A
mixture of compound 38 (0.12 g, 0.20 mmol), Pd(OAc) 2
(27 mg, 0.041 mmol), Na2CO3 (43mg, 0.41 mmol) in DMF
(2 mL) was purged with N for 20 minutes and the
reaction was heated at 160 0C in a sealed tube for 4
hours. The reaction was cooled to room temperature,
diluted with ethyl acetate and washed with water and
brine. The organic phase was dried over sodium sulfate
and concentrated. Purification by reverse phase
Prep-HPLC gave compound 39: LCMS-ESI (PQS), M/Z, M+l:
Found 527.3, Calculated 527.3. Compound 39 was treated
with 2 N HCl in dioxane (2 mL) for 2 hours at room
temperature. Compound 36 (7 mg)was obtained as the HCl
salt after removal of dioxane. 1H NMR (500 MHz, CD3OD)
d ppm 8.81 ( 1 H, s), 8.00 ( 1 H, d, 7=7.4 Hz), 7.66 (
1 H, d, 7=7.4 Hz), 7.51 (1 H, t, 7=6.5 Hz), 7.43 (2 H,
d, 7=7.4 Hz), 7.32 ( 1 H, t, .7=7.5 Hz), 7.09 (2 H, d,
7=10 Hz), 4.60 ( 1 H, m), 3.40 (4 H, m), 3.33 (4 H,
m), 2.39-2.48 (2 H, m), 1.80-1.89 (4 H, m), 1.70-1.73
( 1 H, m), 1.41-1.51 (2 H, m), 1.19-1 .27 (2 H, m);
LCMS-ESI (POS), M/Z, M+l : Found 427.3, Calculated
427.3. EXAMPLE 22 40 (9-Cyclohexyl-9
-pyrimido[4,S-6Jindol-2-yl)-(5-piperazin-l-yl-pyridin-
2-yl)-amine37 41
5-Bromo-7V4-cyclohexyl-iV4-phenyl-pyrimidine-2,4-diaii
iiDe (41): Compound 41 was prepared using chemistry
similar to that described in example 1. LCMS-ESI
(POS), M/Z, M+l : Found 348.3, Calculated 348.3. 41%
41 42 9-Cyclohexyl-9/7-pyrimido[4,5-A]indol-2-ylamiiie
(42). A mixture of compound 41 (0.35 g, 0.99 mmol),
Pd(OAc)2 (33 mg, 0.15 mmol), (cyclohexyl)3PBF4 ( 110
mg, 0.30 mmol), and K2CO3 (138 mg, 0.10 mmol) in DMA
(3 mL) was purged with N2 for 20 minutes and then
heated at 160 0C for 3 hours. The reaction was cooled
to room temperature and diluted with ethyl acetate.
The organic layer was washed with water and brine,
dried over sodium sulfate and concentrated.
Purification by flash chromatography (ethyl
acetate/hexane) gave compound 42 as a yellow solid
(110 mg, 41%). LCMSESI (POS), M/Z, M+l: Found 267.1,
Calculated 267.2.
(9-Cyclohexyl-9/r-pyrimido[4,5-6Jindol-2-yl)-(5-pipera
zin-l-yl-pyridin-2-yl)-amine (40).A mixture of
compound 42 (98 mg, 0.37 mmol), compound 5 (121 mg,
0.41 mmol), Pd2(dba)3 (17 mg, 0.018 mmol), BINAP (23
mg, 0.037 mmol), and Cs2CO3 (168 mg, 0.52 mmol) in
dioxane (3 mL) was purged with N2 for 20 minutes. The
reaction was heated at 120 0C for 14 hours. The
reaction was then cooled down to room temperature and
diluted with ethyl acetate. The reaction mixture was
washed with water and brine. The organic layer was
dried with sodium sulfate and concentrated. The
residue was purified by flash chromatography (ethyl
acetate/hexane) to give compound 43 (34 mg, 18%).
LCMSESI (POS), M/Z, M+l : Found 528.3, Calculated
528.3. Compound 43 was then treated with 4N HCl in
dioxane (5 mL) for 3 hours. The reaction mixture was
concentrated and the residue was purified by Prep-HPLC
to give compound 40 as a yellow solid TFA salt(32 mg).
1H NMR (500 MHz, CD3OD) d 9.19 ( 1 H, s), 8.12 - 8.22
(2 H, m), 7.90 ( 1 H, d, 7=7.3 Hz), 7.82 ( 1 H, d,
J=7.9 Hz), 7.63 ( 1 H, t, 7=7.6 Hz), 7.43 ( 1 H, t,
7=7.0 Hz), 7.34 ( 1 H, d, 7=7.9 Hz), 4.87 ( 1 H, s),
3.54 (4 H, s), 3.46 (4 H, s), 2.57 - 2.67 (2 H, m),
2.04 (2 H, d, 7=14.0 Hz), 1.96 (2 H, d, 7=1 1.0 Hz),
1.86 ( 1 H, d, 7=12.2 Hz), 1.54 - 1.66 (2 H, m), 1.50
( 1 H, d, 7=12.2 Hz) ppm; LCMS-ESI (POS), M/Z, M+l:
Found 428.2, Calculated 428.3. Example 23 44
(9-Cyclohexyl-9//-pvrido [4',3',4,5]pyrrolo[2,3-d\ pyi
midin-2-yl)-(5-piperazin- 1-ylpyridin- 2-yl)-amine
Compound 44 was prepared using chemistry similar to
that described in example 1. 1H NMR (500 MHz, CD3OD) d
ppm 9.84 ( 1 H, s), 9.59 ( 1 H, s), 8.88 ( 1 H, d,
7=6.1 Hz), 8.74 ( 1 H, d, 7=6.1 Hz), 8.32 ( 1 H, d,
7=10.0 Hz), 8.12 ( 1 H, d, 7=2.9 Hz), 7.67 ( 1 H, d,
7=9.5 Hz), 5.03 ( 1 H, m), 3.76-3.78 (2 H, m), 3.64 (4
H, m), 3.48 (4 H, m), 2.63-2.70 (2 H, m), 2.06-2.09 (4
H, d, 7=10.8 Hz), 2.03 (2 H, m), 1.64 ( 1 H, m);
LCMS-ESI (POS), M/Z, M+l : Found 429.2, Calculated
429.2EXAMPLE 24 45 (9-Bicyclo[2.2.11hept-2-yl-9
-pyrido[4',3':4,5]pyrrolo[2^-</]pyrimidin-2-yl)-(5-pip
erazin-l-ylpyridin- 2-yl)-amine Compound 45 was
prepared using chemistry similar to that described in
example 1. 1H NMR (500 MHz, DMSO-d ) d 10.41 ( 1 H,
s), 9.53 ( 1 H, s), 9.28 ( 1 H, s), 8.96 (2 H, s),
8.63 ( 1 H, d, 7=10 Hz), 8.14 (2 H, d, 7=2.4 Hz), 7.65
( 1 H, d, 7=10 Hz), 4.78 ( 1 H, m), 3.42 (4 H, m),
3.28 (4 H, m), 2.90 ( 1 H, 



m), 2.83 ( 1 H, s), 2.58 ( 1 H, s), 2.25 ( 1 H, d,
7=10 Hz), 2.02 ( 1 H, t, 7=10 Hz), 1.60-1.65 (3 H, m),
1.35 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found
441 .2, Calculated 441 .2. 46 (9-Indan-l-yl-9
-pyrido[4',3':4,5]pyrrolo[2,3-</]pyrimidin-2-yl)-(5-pi
perazin-l-yl-pyridin-2-yl)- amine Compound 46 was
prepared using chemistry similar to that described in
example 1. 1H NMR (500 MHz, CD3OD) d 9.63 ( 1 H, s),
8.58-8.63 (2 H, dd, 7=5.8, 21.1 Hz), 8.07 ( 1 H, d,
7=2.7 Hz), 7.91 ( 1 H, s), 7.72 ( 1 H, s), 7.57 ( 1 H,
d, 7=5.0 Hz), 7.43 ( 1 H, t, 7=5.0 Hz), 7.22 ( 1 H, t,
7=5.0 Hz), 7.02 ( 1 H, d, 7=5.0 Hz), 6.90 ( 1 H, t,
7=5.0 Hz), 4.85 ( 1 H, m), 3.52 (4 H, m), 3.47 (4 H,
m), 3.40 ( 1 H, m), 3.26 ( 1 H, m), 2.89 ( 1 H, m),
2.64 ( 1 H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found
463.1, Calculated 463.2.EXAMPLE 26 47
(9-Adamantan-l-yl-9H-pyrido[4'^':4,5]pyrrolo[2,3-d]pyr
imidin-2-yl)-(5-piperazin-l-yl-pyridiii- 2-yl)-amine
Compound 47 was prepared using chemistry similar to
that described in example 1. 1H NMR (500 MHz, CD3OD)
9.60 ( 1 H, s), 9.53 ( 1 H, s), 8.62 ( 1 H, d, 7=5.0
Hz), 8.56 ( 1 H, d, /=5.0 Hz), 8.12 ( 1 H, t, 7=2.5
Hz), 7.95 ( 1 H, m), 3.52 (4 H, m), 3.47 (4 H, m),
2.95 (6 H, d, ./=2.5 Hz), 2.38 (3 H, s), 2.04 ( 1 H,
s), 2.01 (2 H, s), 1.94 (2 H, s), 1.91 ( 1 H, s) ppm;
LCMS-ESI (POS), M/Z, M+l: Found 481.3, Calculated
481.3. 48
(9-tert-Butyl-9H-pyrido[4',3':4,5]pyrrolo[2,3-d]pyrimi
din-2-yl)-(5-piperazi p-l-yl-pyridin-2-yl)- amine
Compound 48 was prepared using chemistry similar to
that described in example 1. 1H NMR (500 MHz, CD3OD) d
9.85 ( 1 H, s), 9.60 ( 1 H, s), 8.88 ( 1 H, d, 7=6.1
Hz), 8.71 ( 1 H, d, 7=6.1 Hz), 8.33 ( 1 H, m), 8.1 1 (
1 H, d, 7=2.9 Hz), 7.69 ( 1 H, d, 7=9.5 Hz), 3.61 (4
H, m), 3.48 (4 H, m), 2.17 (9 H, s) ppm; LCMS-ESI
(POS), M/Z, M+l: Found 403.3, Calculated 403.2.EXAMPLE
28 49 (
)-[9-(l-Cyclohexyl-ethyl)-9H-pyrido[4',3':4,5]pyrrolo[
2,3-d]pyrimidiu-2-yl]-(5-piperazin-l-ylpyridin-
2-yl)-amine Compound 49 was prepared using chemistry
similar to that described in example 1. 1H NMR (500
MHz, CD OD) d 9.68 ( 1 H, s), 9.43 ( 1 H, s), 8.69 (2
H, dd, J = 7.3, 10.5 Hz), 8.12 ( 1 H, s), 8.10 ( 1 H,
s), 7.80 ( 1 H, d, J = 8.5 Hz), 4.93 ( 1 H, m), 3.57
(4 H, m), 3.47 (4 H, m), 2.18 ( 1 H, d, J = 10.1 Hz),
1.92 ( 1 H, d, J = 10.1 Hz), 1.82 (3 H, d, J = 7.1
Hz), 1.69 ( 1 H, d, J = 10.0 Hz), 1.59 ( 1H, d, J =
10.0 Hz), 1.40 ( 1 H m), 1.23 (2 H, m), 1.10 (2 H, m),
0.96 ( 1 H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found
457.3, Calculated 457.3. EXAMPLE 29 50 (5)-[
[9-(l-CycIohexyl-ethyl)-9H-pyrido[4'^':4,5]pyrrolo[2,3
-d]pyrimidin-2-yl]-(5-piperazin-l-ylpyridin-
2-yl)-amine Compound 50 was prepared using chemistry
similar to that described in example 1. 1H NMR (500
MHz, CD3OD) d 9.68 ( 1 H, s), 9.43 ( 1 H, s), 8.69 (2
H, dd, /=7.3, 10.5 Hz), 8.12 ( 1 H, s), 8.10 ( 1 H,
s), 7.80 ( 1 H, d, 7=8.5 Hz), 4.93 ( 1 H, m), 3.57 (4
H, m), 3.47 (4 H, m), 2.18 ( 1 H, d, 7=10.1 Hz), 1.92
( 1 H, d, 7=10.1 Hz), 1.82 (3 H, d, ./=7.1 Hz), 1.69 (
1 H, d, 7=10.0 Hz), 1.59 ( 1H, d, 7=10.0 Hz), 1.40 ( 1
H, m), 1.23 (2 H, m), 1.10 (2 H, m), 0.96 ( 1 H, m)
ppm; LCMS-ESI (POS), M/Z, M+l : Found 457.3,
Calculated 457.3.EXAMPLE 30 51 (9-Cydobutyl-9 -pyrido
[4f,3':4,5]pyrrolo
[2,3-rf]pyrimidin-2-yl)-(5-piperazin-l
-yl-pyridin-2-yl)- amine Compound 51 was prepared
using chemistry similar to that described in example
1. 1H NMR (500 MHz, CD3OD) d 9.68 ( 1 H, s), 9.40 ( 1
H, s), 8.67 - 8.72 (2 H, dd, J = 5.0, 15 Hz), 8.13 ( 1
H, dd, J = 2.3, 10 Hz), 8.10 ( 1 H, d, J = 2.7 Hz),
7.83 ( 1 H, d, J = 10.0 Hz), 5.52 ( 1 H, m), 3.58 (4
H, m), 3.48 (4 H, m), 3.29 (2 H, m), 2.69 (2 H, m),
2.13 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found
401 .2, Calculated 401.2. EXAMPLE 31 52 4-
[2-(5-Piperazin-l -yI-pyridin-2-ylamino)-py rido [4'
,3' :4,5] pyrrolo [2,3-rf] pyrimidin-9-yll
-transcyclohexanol Compound 52 was prepared using
chemistry similar to that described in example 1. 1H
NMR (500 MHz, CD3OD) d 9.62 ( 1 H, s), 9.42 ( 1 H, s),
8.64 (2 H, s), 8.1 1 ( 1 H, d, J = 2.5 Hz), 8.02 ( 1
H, d, J = 10.0 Hz), 7.87 ( 1 H, d, 7=10.0 Hz), 4.98 (
1 H, m), 3.89 ( 1 H, m), 3.55 (4 H, m), 3.47 (4 H, m),
2.77 (2 H, m), 2.21 ( 1 H, d, J = 15 Hz), 2.05 (2 H,
m), 1.86 ( 1H, m), 1.65 (2 H, m) ppm; LCMS-ESI (POS),
M/Z, M+l : Found 445. 1, Calculated 445.2.EXAMPLE 32
53 (9-Cyclohexylmethyl-9 -pyrido[4'
':4,5]pyrrolo[2^-d]pyrimidin-2-yl)-(5-piperazin-l-yl-p
yridin- 2-yl)-amine Compound 53 was prepared using
chemistry similar to that described in example 1. 1H
NMR (500 MHz, DMSO-d6) d 9.73 ( 1 H, s), 9.60 ( 1 H,
s), 9.56 (2 H, s), 8.75 (2 H, s), 8.14 ( 1 H, s), 8.08
( 1 H, s), 7.96 ( 1 H, s), 4.41 (2 H, d, J = 5.0 Hz),
3.48 (4 H, s), 3.26 (4 H, s), 2.08 ( 1 H, s),
1.57-1.67 (5 H, m), 1.13 (5 H, m) ppm; LCMS-ESI (POS),
M/Z, M+l : Found 443.2, Calculated 443.3. 54
[9-(l-Methyl-cyclobutyl)-9
-pyrido[4',3':4,5]pyrrolo[2,3-/Jpyrimidiii-2-yl]-(5-pi
perazin-l-ylpyridin- 2-yl)-amine Compound 54 was
prepared using chemistry similar to that described in
example 1. 1H NMR (500 MHz, CD3OD) d 9.66 ( 1 H, s),
9.07 ( 1 H, s), 8.71 ( 1 H, d, 7=5.0 Hz), 8.67 ( 1 H,
d, 5.0 Hz), 8.14 ( 1 H, dd, J=2.5, 10 Hz), 8.10 ( 1 H,
d, 7=2.5 Hz), 7.80 ( 1 H, d, 7=10 Hz), 3.56 (4 H, m),
3.47 (4 H, m), 3.09 (2 H, q, 7=5.0 Hz), 2.86 (2 H, t,
7=2.5 Hz), 2.25 ( 1 H, m), 2.1 1 ( 1 H, m), 1.91 (3 H,
s) ppm; LCMS-ESI (POS), M/Z, M+l: Found 415.1,
Calculated 415.2.EXAMPLE 34 55 (9-Cycloheptyl-9
-pyrido[4',3':4,5]pyrrolo[2,3-rflpyrimidin-2-yl)-(5-pi
perazin-l-yl-pyridin-2-yl)- amine Compound 55 was
prepared using chemistry similar to that described in
example 1. 1H NMR (500 MHz, DMSO-d6) d 9.80 ( 1 H, s),
9.59 ( 1 H, s), 9.42 (2 H, s), 8.72 (2 H, s), 8.14 ( 1
H, s), 8.08 ( 1 H, s), 7.85 ( 1 H, s), 5.05 ( 1 H, m),
3.47 (4 H, s), 3.27 (4 H, s), 2.58 ( 1 H, m), 1.88 ( 1
H, m), 1.67-1.77 (10 H, m) ppm; LCMS-ESI (POS), M/Z,
M+l : Found 443.2, Calculated 443.3. EXAMPLE 35 56
(9-Cyclopentyl-9//-pyrido [3 ',2' :4,5]pyrrolo [2,3-d]
pyrimidin-2-yl)-(5-piperazin-l -yl-pyridin-2-yl)-
amine Compound 56 was prepared using chemistry similar
to that described in example 1. 1H NMR (500 MHz,
CD3OD) d 9.27 ( 1 H, s), 8.60 ( 1 H, dd, J = 2.5 5.0
Hz), 8.55 ( 1 H, dd, J = 2.5, 5.0 Hz), 8.10 ( 1 H, d,
J = 5.0 Hz), 8.00 ( 1 H, dd, J = 5.0, 10.0 Hz), 7.45
(2 H, m), 5.63 ( 1 H, q, J = 10 Hz), 3.53 (4 H, m),
3.47 (4 H, m), 2.62 (2 H, m), 2.23 (2 H, m), 2.15 (2
H, m), 1.87 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+l:
Found 415.1, Calculated 415.2.EXAMPLE 36 57
(9-Cyclopentyl-9
-pyrido[3',2':4,5]pyrrolo[2,3-rf]pyrimidin-2-yl)-(4-pi
perazin-l-yl-phenyl)-amine Compound 57 was prepared
using chemistry similar to that described in example
1. 1H NMR (500 MHz, CD3OD) d 8.99 ( 1 H, s), 8.49 ( 1
H, dd, J = 2.5, 5.0 Hz), 8.40 ( 1 H, dd, J = 2.5, 5.0
Hz), 7.59 (2 H, d, J = 10 Hz), 7.38 ( 1 H, dd, J =
5.0, 7.5 Hz), 7.14 (2 H, d, J = lO.o Hz), 5.53 ( 1 H,
m), 3.44 (8 H, m), 2.52 (2 H, m), 2.06 (4 H, m), 1.77
(2 H, m) ppm; LCMS-ESI (POS), M/Z, M+l: Found 414.2,
Calculated 414.2 EXAMPLE 37 58
(9-Cyclopentyl-9^-pyrimido[4,5-
]indol-2-yl)-(5-piperazin-l-yl-pyridin-2-yl)-amine
Compound 58 was prepared using chemistry similar to
that described in example 22. 1H NMR (500 MHz, CD3OD)
d 7.82 ( 1 H, s), 6.80 (2 H, d, 7=6.1 Hz), 6.56 (IH,
d, 7=8.5 Hz), 6.34 ( 1 H, d, 7=8.5 Hz), 6.24 ( 1 H, t,
7=7.3 Hz), 5.99 - 6.08 (2 H, m), 4.02 - 4.1 1 ( 1 H,
m), 2.21 (4 H, m), 2.12 (4 H, m), 1.10 (2 H, s), 0.83
(4 H, s), 0.55 (2 H, s) ppm; LCMS-ESI (POS), M/Z, M+l
: Found 414.2, Calculated 414.2EXAMPLE 38 59
(5-Piperazin-l-yl-pyridin-2-yl)-[9-(tetrahydro-pyran-4
-yl)-9 -pyrimido[4,5- ]iDdol-2-yl]-amine Compound 59
was prepared using chemistry similar to that described
in example 22. 1H NMR (500 MHz, CD3OD) d 7.93 ( 1 H,
s), 6.91 ( 1 H, d, J = 7.9 Hz), 6.86 ( 1 H, s), 6.65 (
1 H, d, J = 8.5 Hz), 6.56 ( 1 H, d, J = 8.5 Hz), 6.36
( 1 H, t, J = 7.9 Hz), 6.16 ( 1 H, t, J = 7.6 Hz),
6.07 ( 1 H, d, J = 9.2 Hz), 3.79 (IH, m), 2.91 (2 H,
dd, J = 4.3, 11.6 Hz), 2.45 (2 H, m), 2.25 (4 H, m),
2.17 (4 H, s), 1.71 (2 H, dd, J = 12.5, 4.6 Hz), 0.60
(2 H, d, J = 9.8 Hz) ppm; LCMS-ESI (POS), M/Z, M+l :
Found 430.1, Calculated 430.2. EXAMPLE 39 60
(9-Cycloheptyl-9f-pyrimido[4,5-A]indol-2-yl)-(5-pipera
zin-l-yl-pyridin-2-yl)-amine Compound 60 was prepared
using chemistry similar to that described in example
22. 1H NMR (500 MHz, CD3OD) d 7.40 ( 1 H, s), 6.43 ( 1
H, d, J = 7.3 Hz), 6.38 ( 1 H, d, J = 3.1 Hz), 6.12 (
1 H, dd, J = 9.5, 2.7 Hz), 6.04 ( 1 H, d, J = 7.9 Hz),
5.89 ( 1 H, t, J = 10 Hz), 5.69 ( 1 H, t, J = 10 Hz),
5.50 ( 1 H, d, J = 10 Hz), 3.36 ( 1 H, m), 1.76 (4 H,
m), 1.70 (4 H, m), 0.86 (2 H, m), 0.23-0.31 (4 H, m),
0.02-0.10 (6 H, m) ppm; LCMS-ESI (POS), M/Z, M+l:
Found 442.3, Calculated 442.3.EXAMPLE 40 61
(9-Bicyclo[2.2.1]hept-2-yl-9
-pyrido[4',3':4,51pyrrolo[2,3-</]pyrimidin-2-yl)-(4-pi
perazin-l-ylphenyl)- amine Compound 61 was prepared
using chemistry similar to that described in example
1. 1H NMR (500 MHz, CD3OD) d 9.37 ( 1 H, s), 9.10 ( 1
H, s), 8.50 (2 H, dd, J = 5, 15 Hz), 7.72 (2 H, d, J =
10 Hz), 7.1 1 (2 H, d, J = 10 Hz), 4.72 ( 1 H, m),
3.44 (8 H, m), 2.96 ( 1 H, d, J = 10 Hz), 2.92 ( 1 H,
d, J = 2.5 Hz), 2.58 ( 1 H, s), 2.33 ( 1 H, d, J = 10
Hz), 2.08 ( 1 H, dd, J = 5, 15 Hz), 1.75 (2 H, m),
1.59 ( 1 H, t, J = 10 Hz), 1.44 (12 H, t, J = 10 Hz)
ppm; LCMS-ESI (POS), M/Z, M+l: Found 440.2, Calculated
440.3. EXAMPLE 41 62
9-Cyclopentyl-2-(5-piperazin-l-yl-pyridin-2-ylamino)-9
-pyriniido[4,5-6]indole-7-carboiiitrile Compound 62
was prepared using chemistry similar to that described
in example 1. 1H NMR (500 MHz, CD3OD) d. 9.33 ( 1 H,
s), 8.34 ( 1 H, d, J = 8.1 Hz), 8.13 ( 1 H, s), 8.07 (
1 H, d, J = 2.9 Hz), 8.01 ( 1 H, dd, J = 9.4, 2.8 Hz),
7.71 - 7.73 ( 1 H, d, J = 10 Hz), 7.63 ( 1 H, d, J =
9.3 Hz), 5.39 ( 1 H, m), 3.54 (4 H, m), 3.47 (4 H, m),
2.52 (2 H, m), 2.20 (4 H, m), 1.91 (2 H, m) ppm;
LCMS-ESI (POS), M/Z, M+l : Found 439.1, Calculated
439.2.EXAMPLE 42 63
(9-Cyclopentyl-6-methoxy-9//-pyrido [4',3
':4,5Jpyrrolo[2,3-d\pyrimidin-2-yl)-(5-piperazin-l-ylp
yridin- 2-yl)-amine Compound 63 was prepared via
compound 65 using chemistry similar to that described
in example 1. 1H NMR (500 MHz, CD3OD) d ppm 9.36 ( 1
H, s), 8.66 ( 1 H, s), 8.18 ( 1 H, d, J = 2.7 Hz),
8.07 ( 1 H, dd, J = 9.3, 2.7 Hz), 7.67 ( 1 H, s), 7.54
( 1 H, d, J = 9.3 Hz), 5.50 ( 1 H, m), 4.1 1 (3 H, s),
3.62 (4 H, m), 3.54 (4 H, m), 2.49-2.53 (2 H, m), 2.22
- 2.32 (4 H, m), 1.93 - 2.02 (2 H, m) ppm; LCMS-ESI
(POS), 



M/Z, M+l: Found 445.2, Calculated 445.2. EXAMPLE 43 64
9-Cyclopentyl-2-(5-piperazin-l-yl-pyridin-2-ylamino)-9
/T-pyrido[4',3':4,5JpyrroIo[2,3-
d\pyrimidin-6-ol9-CyclopentyI-2-(5-piperazin-l-yl-pyri
din-2-ylamino)-9 -pyrido[4',3':4,5]pyrrolo[2,3-
rf]pyrimidin-6-ol (64) A mixture of compound 65 (366
mg) and cone. HCl (8 mL) was heated at 120 0C in a
microwave reactor for 1.5 h . The reaction mixture was
concentrated and and purified by prep- HPLC to give
compound 64 as a yellow solid (21%). 1H NMR (500 MHz,
CD3OD) d 9.15 ( 1 H, s), 8.10 ( 1 H, d, 7=2.7 Hz),
7.99 ( 1 H, dd, 7=9.3, 2.9 Hz), 7.91 ( 1 H, s), 7.48 (
1 H, d, 7=9.3 Hz), 7.26 ( 1 H, s), 5.18 ( 1 H, s),
3.54 (4 H, m), 3.47 (4 H, m), 2.35-2.37 (2 H, m), 2.1
1-2.16 (4 H, m), 1.86 (2 H, m) ppm; LCMS-ESI (POS),
M/Z, M+l: Found 431.2, Calculated 431.2. EXAMPLE 44 66
{l-[2-(5-Piperazin-l-yl-pyridin-2-ylamino)-pyrido[4
l,3l:4,5]pyrrolo[2,3-d]pyriinidin-9-yl]-
cyclopentylj-methanol Compound 66 was prepared using
chemistry similar to that described in example 1. 1H
NMR (500 MHz, CD3OD) d 9.67 ( 1 H, s), 9.36 ( 1 H, s),
8.70 ( 1 H, d, J = 6.1 Hz), 8.62 ( 1 H, d, J = 6.1
Hz), 8.10 ( 1 H, d, J = 10 Hz), 8.08 ( 1 H, d, J = 2.7
Hz), 7.80 ( 1 H, d, J = 10 Hz), 3.99 (2 H, s),
3.55-3.57 (4 H, m), 3.46-3.48 (4 H, m), 3.07-3.1 1 (2
H, m), 2.60-2.66 (2 H1m), 1.97-2.01 (2 H, m), 1.89-1
.92 (2 H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found
445.1, Calculated 445.2.EXAMPLE 45 67
2,2-Dimethyl-3-[2-(5-piperazin-l-yl-pyridin-2-ylamino)
-pyrido[4',3 l :4,5]pyrrolo[2,3-</]pyrimidin-
9-yl]-propan-l-ol Compound 67 was prepared using
chemistry similar to that described in example 1. 1H
NMR (500 MHz, CD3OD) d 9.66 ( 1 H, s), 9.52 ( 1 H, s),
8.68 (2 H, s), 8.14-8.17 ( 1 H, dd, J = 9.5, 2.9 Hz),
8.04 ( 1 H, d, J = 2.9 Hz), 7.76 ( 1 H, d, J = 9.5
Hz), 4.58 (2 H, s), 3.58 (4 H1m), 3.48 (4 H, m), 3.36
(2 H, s), 1. 1 1 (6 H, s) ppm; LCMS-ESI (POS), M/Z,
M+l: Found 433.1, Calculated 433.2. EXAMPLE 46 68
(4-Piperazin-l-yI-phenyI)-[9-(tetrahydro-pyran-4-yl)-9
-pyrimido[4,5-6]indol-2-yl]-amine Compound 68 was
prepared using chemistry similar to that described in
example 22. 1H NMR (500 MHz, CD3OD) d 7.40 ( 1 H s),
6.55 ( 1 H, d, J = 9.2 Hz), 6.25 ( 1 H, d, J = 9.2 Hz
), 6.09 (3 H, m), 5.89 ( 1 H, t, J = 9.2 Hz), 5.64 (2
H, d, J = 9.2 Hz), 3.44 ( 1 H, m), 2.63 (2 H, dd, J =
5, 10 Hz), 2.16 (2 H, t, J = 10 Hz), 1.94 (4 H, m),
1.89 (4 H, m), 1.42 (2 H, td, J = 5, 15 Hz), 0.35 (2
H, dd, J = IO, 2.5 Hz) ppm; LCMS-ESI (POS), M/Z, M+l :
Found 429.2, Calculated 429.2.EXAMPLE 47 69
(9-Cyclopentyl-9
-pyrimido[4,5-A]indoI-2-yl)-(4-piperazin-l-yl-phenyl)-
amine Compound 69 was prepared using chemistry similar
to that described in example 22. 1H NMR (500 MHz,
DMSO-d ) d 10.05 ( 1 H, s), 9.30 ( 1 H, s), 9.22 ( 1
H, s), 8.16 ( 1 H, d, J = 7.8 Hz), 7.76 ( 1 H, d, J =
8.3 Hz), 7.54 - 7.57 (3 H, m), 7.39 ( 1 H, t, J = 7.5
Hz), 7.09 (2 H, d, J = 9.0 Hz), 5.24 ( 1 H, m), 3.72
(4 H, m), 3.50 (4 H, m), 2.32 (2 H, m), 2.05 (2 H, m),
1.95 (2 H, m), 1.71 (2 H, m) ppm; LCMS-ESI (POS), M/Z,
M+l: Found 413.2, Calculated 413.2. 70
9-cyclopentyl-N-(5-(l,4-diazepan-l-yl)-2-pyridinyl)-9H
-pyrido[4',3':4,5]pyiTolo[2 3-d]pyrimidin- 2-amipe
Compound 70 was prepared using chemistry similar to
that described in example 1. 1H NMR (500 MHz, DMSO-db)
d 10.75 (IH, br s), 9.56 (IH, s), 9.34 (IH, s), 8.83
(2H, br s), 8.67 (IH, d, J = 6.3Hz), 8.57 (IH, d, J =
5.9Hz), 7.96 (IH, d, J = 2.7Hz), 7.92 (IH, d, J =
9.4Hz), 7.55 (IH, br s), 5.36 (IH, p, J = 8.7Hz), 3.76
(2H, t, J = 5.0 Hz), 3.56 (2H, t, J = 6.3 Hz), 3.30
(2H, br s), 3.19 (2H, br s), 2.41 (2H, m), 2.09 (6H,
m), 1.75 (2H, m) ppm; LCMS-ESI (POS), M/Z, M+l: Found
429.2EXAMPLE 49 71
9-cyclopentyI-N-(4-(l-piperazinylcarbonyl)-l,3-thiazol
-2-yl)-9H-pyrido-[4',3':4,5]pyrrolo[2,3-
d]pyrimidin-2-amine 72 1,1-dimethylethyl
4-((2-bromo-l,3-thiazol-4-yl)carbonyl>l-piperazinecarb
oxylate (72): 2- bromothiazole-4-carboxylic acid (1.31
g, 6.3 mmol) was combined with tert-hutyl
piperazine-1- carboxylate ( 1.2 g, 6.3 mmol) in DCM
(15 mL), and then stirred at 2O0C. until it formed a
clear solution.
Nl-((ethylimino)methylene)-N3,N3-dimethylpropane-l,3-d
iamine hydrochloride (1.2 g, 6.3 mmol) was then added,
and the reaction was stirred at 200C. for 2 hours. The
reaction was concentrated in vacuum, before
transferring it to a separation funnel with ethyl
acetate. The organic layer was washed with saturated
NaHCCh, water, NH4CI, and then with brine. After
drying the organic layer with MgSO , it was
concentrated in vacuum to yield compound 72 (2.2g,
91%) as a light yellow solid. 1H NMR (500 MHz, DMSO-d
6) d 8.16 (IH, s), 3.61 (4H, m), 3.38 (4H, m), 1.42
(9H, s) ppm; LCMS-ESI (POS), M/Z, M+1-C3H9: Found
320.0. 73 1,1-dimethylethyl
4-((2-bromo-l,3-thiazol-5-yl)carbonyl)-l-piperazinecar
boxylateCompound 73 was prepared according to the
methods described for compound 72 in example 49. 1H
NMR (500 MHz, DMSO-d6) d 8.02 (IH, s), 3.62 (4H, m),
3.42 (4H, m), 1.43 (9H, s) ppm. 72 74 71
l,l-dimethylethyl
4-((2-((9-cyclopentyl-9H-pyrido[4',3':4,5]pyrrolo[2,3-
d]pyrimidin-2-yl)amino)-
l,3-thiazol-4-yl)carbonyl)-l-piperazinecarboxylate
(74): Compound 4 (0.075 g, 0.30 mmol) was combined
with sodium 2-methylpropan-2-olate (0.085 g, 0.89
mmol) and compound 72 (0.14 g, 0.38 mmol) in toluene
(2mL). This mixture was degassed by bubbling nitrogen
through this solution for ~2 min followed by the
addition of Pd2(dba)3 (0.014 g, 0.015 mmol) and
f-Butyl-XPhos (0.025 g, 0.059 mmol). The reaction was
heated overnight at 6O0C. Additional compound 72, 0.28
g, 0.76 mmol), Pd2(dba)3 (25 mg), t-Butyl-XPhos (54
mg), and the sodium 2-methylpropan-2-olate (0.085 g,
0.89 mmol) were added to the reaction which was heated
overnight at 1000C. The reaction was cooled to 2O0C
and poured into a separation funnel, with ethyl
acetate and water. The layers were partitioned and the
aqueous layer was washed with ethyl acetate. The
combined organic fractions were dried over MgSO4 and
concentrated. The product was purified by flash column
chromatography, eluting with a gradient of
DCM-6%methanol/0.3%NH4OH/DCM to yield compound 74
(95mg) as a brown film. LCMS-ESI (POS), M/Z, M+l:
Found 549.3.
9-cyclopentyl-N-(4-(l-piperazinylcarbonyl)-l,3-thiazol
-2-yl)-9H-pyrido[4',3':4,5]pyrrolo-[2,3-
d]pyrimidin-2-amine (71): Compound 74 was dissolved in
DCM (5 mL )and TFA ( 1.5 mL) and stirred at 2O0C for
2.5 hrs. The reaction was concentrated in vacuum and
purified by preparative HPLC eluting with a gradient
10%MeCN/water/0.1%TFA -50%MeCN/water/0.1%TFA to
provide compound 71 (23 mg) as a yellow solid. 1H NMR
(500 MHz, CD3OD) d 9.63 (IH, s), 9.32 (IH, s), 8.68
(IH, d, J = 6.1Hz), 8.63 (IH, d, J = 6.4Hz), 7.84 (IH,
s), 5.56 (IH, p, J = 8.1), 4.00-4.29 (4H, br s), 3.39
(4H, t, J = 5.3Hz), 2.63 (2H, m), 2.25 (4H, m), 1.98
(2H, m) ppm; LCMS-ESI (POS), M/Z, M+l: Found
449.2.EXAMPLE 50 75
9-cyclopentyl-N-(5-(l-piperazinylcarbonyl)-l,3-thiazol
-2-yl)-9H-pyrido[4',3':4,5]pyrrolo[2^-
d]pyrimidin-2-amine Compound 75 was prepared according
to the methods described in example 49. 1H NMR (500
MHz, CD3OD) 9.63 (IH, s), 9.34 (IH, s), 8.65 (IH, d, J
= 6.1Hz), 8.62 (IH, d, J 6.1Hz), 7.93 (IH, s), 5.52
(IH, p, J = 9.3Hz), 4.10 (4H, t, J = 5.1Hz), 3.39 (4H,
t, J 5.1Hz), 2.70 (2H, m), 2.28 (4H, m), 1.95 (2H, m)
ppm; LCMS-ESI (POS), M/Z, M+l: Found 449.2. EXAMPLE 51
76
9-cyclopentyl-N-(3-methyl-5-(l-piperazinyl)-2-pyridiny
l)-9H-pyrido[4',3':4,5]pyrrolo[2-3-
d]pyrimidin-2-amine 1,4-Dioxane 14O 0C1 I h1MW
77N-(5-bromo-3-methyl-2-pyridinyl)-9-cyclopentyl-9H-py
rido[4',3':4,5]pyrrolo[2,3-dlpyrimidin-2- amine (77):
Sodium 2-methylpropan-2-olate (0.142 g, 1.48 mmol) was
combined with compound 4 (0.125 g, 0.493 mmol) and
2,5-dibromo-3-methylpyridine (0.149 g, 0.592 mmol) in
1,4-dioxane (3 ml). The reaction mixture was degassed
by bubbling nitrogen through the solution for ~ lmin,
followed by the addition of XANTPHOS (0.0428 g, 0.0740
mmol) and Pd2(dba)3 (0.0339 g, 0.0370 mmol). The
reaction was heated to 140 0C using microwave
irradiation for 1 hour. The reaction mixture was
poured into sat. NH4Cl and extracted with 10%
isopropanol/DCM. The organic layer was dried with MgSO
and concentrated in vacuum. Purification by flash
column chromatography, eluting with a gradient of
DCM-5%methanol/DCM provided compound 77 as a yellow
solid (150 mg, 71%). LCMSESI (POS), Wl, M+l: Found
423.1 77 78 l,l-dimethylethyI
4-(6-((9-cyclopentyl-9H-pyrido[4 f,3':4,5]pvrrolo[2
-d]pyrimidin-2-yl)amino)-5-
methyl-3-pyridinyl)-l-piperazinecarboxyIate (78):
Sodium 2-methylpropan-2-olate (0.100 g, 1.06 mmol) was
combined with compound 77 (0.150 g, 0.354 mmol) and
tert-butyl 1-piperazinecarboxylate (0.099 g, 0.532
mmol) in 1,4-dioxane (3 ml). Nitrogen was bubbled
through the solution for lmin before adding XANTPHOS
(0.031 g, 0.053 mmol) and Pd2(dba)3 (0.024 g, 0.026
mmol). The reaction mixture was heated to 14O0C using
microwave irradiation for 1 hour. The reaction mixture
was poured into sat. NH4Cl, and extracted with 10%
isopropanol/DCM. The organic layer was dried over MgSO
and concentrated in vacuum. The crude product was
purified by flash column chromatography, eluting with
a gradient of DCM-7%methanol/DCM to provide compound
78 as a brown oil (100 mg). LCMSESI (POS), M/Z, M+l :
Found 529.3.78 76
9-cyclopentyl-N-(3-methyl-5-(l-piperazinyI)-2-pyridiny
l)-9H-pyrido[4',3':4,5]pyrrolo[2 r3-
d]pyrimidin-2-amine (76): Compound 78 (0.100 g, 0.189
mmol) was dissolved in DCM (3 mL) followed by TFA ( 1
mL) and stirred at 4O0C in a water bath for 30 min.
Concentration under vacuum provided a yellowish oil
which was partially dissolved in water and then
filtered. The filtrate was purified by preparative
RP-HPLC eluting with a gradient of
5%MeCN/water/0.1%TFA- 30%MeCN/water/0.1%TFA to yield
compound 76 as a yellow solid (33 mg). 1H NMR (500
MHz, DMSO-d ) d 10.18 (IH, s), 9.51 (IH, s), 9.31 (IH,
s), 8.95 (2H, br s), 8.65 (IH, d, J = 6.2Hz), 8.55
(IH, d, J = 6.1Hz), 8.12 (IH, d, J = 3.0), 7.58 (IH,
d, J = 2.4Hz), 5.25 (IH, p, J = 8.3Hz), 3.46 (4H, t, J
= 5.4Hz), 3.30 (4H, m), 2.24 (3H, s), 2.18 (2H, m),
2.01 (2H, m), 1.70 (2H, m), 1.55 (2H, m) ppm; LCMS-ESI
(POS), M/Z, M+l : Found 429.2. EXAMPLE 52 79
9-cyclopentyl-8-(methyloxy)-N-(5-(l-piperazinyl)-2-pyr
idinyl)-9H-pyrido[4',3':4,5]-pyrrolo[2,3-
d]pyrimidin-2-amine Compound 79 was prepared using
compound 82 and chemistry similar to that described in
example 1. 1H NMR (500 MHz, CD3OD) d 9.12 ( 1 H, s),
8.24(1 H, d), 8.02 ( 1 H, d), 7.98 ( 1 H, d), 7.63 ( 1
H, d), 7.56 ( 1 H, m), 5.90 ( 1 H, b), 4.15 (3 H, s),
3.20 (4 H, m), 3.06 (4 H, m), 2.50-2.60 (2 H, b),
2.09-2.1 1 (4 H, b), 1.80 (2 H, b) ppm; LCMS-ESI
(POS), M/Z, M+l : Found 445.1, calculated
445.2.EXAMPLE 53 80
9-Cyclopentyl-2-((5-(l-piperazinyl)-2-pyridinyl)amino)
-7,9-dihydro-8Hpyrido[ 4',3
':4,5]pyrrolo[2,3-d]pyrimidin-8-one 81 



5-(3-chloro-2-(methyloxy)-4-pyridinyl)-N4-cyclopentyl-
2,4-pyrimidinediamine Compound 81 was prepared using
chemistry similar to that described in example 1.
LCMS-ESI (POS), M/Z, M+l: Found 320.0, calculated
320.1. MW 81 82
9-cyclopentyl-8-(methyloxy)-9H-pyrido[4',3':4,5]pyrrol
o[2,3-d]pyriinidiii-2-amine(82): A solution of
Pd2(dba) 3(0.60 g, 0.65 mmol), sodium
2-methylpropan-2-olate (1.9g, 20 mmol), 4,5-
bis(diphenylphosphino)-9,9-dimethyl-9H-xanthene (0.75
g, 1.3 mmol) and compound 81 (2.08 g, 6.5 mmol) in
dioxane (20 mL) was purged with N2 for 20 min. The
reaction mixture was heated at 1500C for one hour
under microwave irradiation. The reaction mixture was
concentrated and residue was diluted with DCM.
Resulting solution was washed with brine, dried and
concentrated. Purification by flash chromatography
(10%methanol/DCM/ I0ZoNH4OH) gave compound 82 as a
yellow solid ( 1.8 g, 98%). LCMS-ESI (POS), M/Z, M+l:
Found 284.1, calculated 284.1.82 83
2-amino-9-cyclopentyl-7,9-dihydro-8H-pyrido[4',3':4,5]
pyrrolo[2,3-d]pyrimidin-8-one (83): A solution of
compound 82 (1.8Og, 6.35 mmol) in 4M HCl in dioxane(60
mLl) and methanol(6 mL) was heated at 800C for one
hour. Solid was collected by filtration to give a pale
yellow solid as HCl salt which was then dissolved in
water and basified by addition of solid sodium
bicarbonate to pH 5~6. The precipitate was collected
by filtration to provide compound 83 as a white
solid.(0.715g, 42%). LCMSESI (POS), M/Z, M+l: Found
270.1, calculated 270.1. MW 83 5 84 l,l-dimethylethyl
4-(6-((9-cyclopentyl-8-oxo-8,9-dihydro-7H-pyrido[4',3'
:4,51pyrrolo[2,3-
d]pyrimidin-2-yl)amino)-3-pyridinyl)-l-piperazinecarbo
xylate (84): Compound 84 was prepared by analogy to
example 1. LCMS-ESI (POS), M/Z, M+l: Found 531.2,
calculated
531.3.9-Cyclopentyl-2-((5-(l-piperazinyl)-2-pyridinyl)
amino)-7,9-dihydro-8H-pyrido[4'-3':4,5]-
pyrrolo[2,3-d]pyrimidin-8-one (80): Compound 80 was
prepared according to the methods described in example
1. 1HNMR (500 MHz, CD3OD) d 9.31 ( 1 H, s), 8.03(1 H,
d), 8.01 ( 1 H, d), 7.75 ( 1 H, d), 7.35 ( 1 H, d),
7.16 ( 1 H, m), 6.25 ( 1 H, b), 3.52 (4 H, m), 3.47 (4
H, m), 2.50-2.60 (2 H, b), 2.09-2.25 (4 H, b), 1.75 (2
H, b) ppm; LCMS-ESI (POS), M/Z, M+l : Found 431 .2,
calculated 431.2 EXAMPLE 54 85
9-cycIopentyl-8-methyl-N-(5-(l-piperazinyl)-2-pyridiny
l)-9H-pyrido[4',3':4,5]pyrrolo[2^- d]pyrimidin-2-amine
83 86 2-Amino-9-cyclopentyl-9H-pyrido [4' ,3'
:4,5]pyrrolo[2,3-d]pyrimidin-8-yl
trifluoromethanesulfonate (86): Sodium hydride (60% in
oil, 16 mg) was added to a solution of compound
83(0.10Og, 0.371 mmol) in DMF( 2 mL) and stirred at 0
C for 30 min., then N-phenylbis(
trifluoromethanesulfonimide)(0.146g, 0.408 mmol) in
DMF ( 1 mL) was added dropwise at 0 C andthe resulting
mixture was stirred at 0 C for two hours. The reaction
mixture was concentrated and dissolved in DCM. The
resulting organic solution was washed with brine,
dried and concentrated . Purification by flash
chromatography(10%methanol/DCM/l 0ZoNH4OH) gave
compound 86 (0.1 02g, 67%) as a yellow solid. LCMS-ESI
(POS), M/Z, M+l: Found 402.1, calculated 402.1. 86 87
9-cycIopentyl-8-methyl-9H-pyrido[4',3':4,5]pyrrolo[2^3
-d]pyriinidin-2-amine (87): A flame-dried two-necked
flask was charged under argon with compound 86 (0.
10Og, 0.25 mmol), ferric acetylacetonate(0.0044, 0.012
mmol), THF( 2 ml) and N-methylpyrrolidone (0.1 ml).
Methylmagnesium bromide (0.27 g, 2.2 mmol, 3M in
ether) was added via syringe to the resulting red
solution. A yellow precipitate formed immediately. The
reaction was stirred at room temperature for 30 min
and quenched with 5% NaHC q 3, then extracted into DCM
The resulting organic solution was washed with brine,
dried and concentrated . Purification by flash
chromatography (10%methanol/DCM/l 0ZoNH4OH) gave
compound 87 as a light yellow solid( 0.036g, 54%).
LCMS-ESI (POS), M/Z, M+l : Found 268.1, calculated
268.2. MW 87 5 88 l,l-dimethylethyl
4-(6-((9-cyclopentyI-8-methyl-9H-pyrido[4',3':4,5]pyrr
oIo[2,3-d]pyriinidin-2-
yl)amino)-3-pyridinyl)-l-piperazinecarboxylate (88):
Compound 88 was prepared according to the methods
described in example 1. LCMS-ESI (POS), M/Z, M+l:
Found 529.3, calculated 529.3.88 85
9-cyclopentyl-8-methyl-N-(5-(l-piperazinyl)-2-pyridiny
l)-9H-pyrido[4',3':4,5]pyrrolo[2^- d]pyrimidin-2-amine
(85): Compound 85 was prepared according to the
methods described in example 1. 1H NMR (500 MHz,
CD3OD) d 9.01 ( 1 H, s), 8.36(lH,s), 8.29(2 H, d),
8.01 ( 1 H, s), 7.62 ( 1 H, d), 7.28 ( 1 H, d), 5.36 (
1 H, m), 3.09 (4 H, m), 3.02 (4 H, m), 2.95 (3 H, s),
2.73-2.70 (2 H, m), 2.09- 1.98 (4 H, m), 1.80 (2 H, m)
ppm; LCMS-ESI (POS), M/Z, M+l: Found 429.2, calculated
429.2. EXAMPLE 55 89
9-(4-methylcyclohexyl)-N-(5-(l-piperazinyl)-2-pyridiny
l)-9H-pyrido[4 f,3':4,5]pyrrolo[2,3-
d]pyrimidin-2-amine Compound 89 was prepared according
to the methods described in example 1. IH NMR (500
MHz, CD3OD) d 9.19 ( 1 H, s), 8.97(lH,s), 8.39(1 H,
d), 8.29(0.5H,d), 8.24 (0.5H, d), 8.05 ( 1 H, m), 7.53
( 1 H, m), 3.20 (4 H, m), 3.07 (4 H, m), 2.80 ( 1 H,
m), 2.6O(1H, m), 2.1O(1H, b), 1.97 (3 H, b), 1.75 (3
H, m), 1.40 ( 1 H, m), 1.2 5(1 .5H, d), 1.08 ( 1.5H,
d) ppm; LCMS-ESI (POS), M/Z, M+l : Found 443.2,
calculated 443.2.90
9-cyclopentyl-N-(6-(4-(dimethylamino)-l-piperidinyl)-3
-pyridinyl)-9Hpyrido[
4',3':4,5]pyrrolo[2r3-d]pyrimidin-2-amine 91
l-(5-bromopyridin-2-yl)-N,N-dimethylpiperidin-4-amine
(91): To a 100 mL single-necked roundbottom flask were
placed 2,5-dibromopyridine (2 g, 8 mmol),
4-(dimethylamino)piperidine ( 1 ml, 8 mmol),
tris(dibenzylideneacetone)dipalladium (o) (0.07 g,
0.08 mmol), 9,9-dimethyl-4,5-
bis(diphenylphosphino)xanthene (0.1 g, 0.2 mmol), and
sodium /-butoxide ( 1 g, 12 mmol). The flask was
subjected to 3 cycles of evacuation and back-filling
with N2 before toluene (40 mL) was introduced under
N2. The resulting mixture was stirred at a preheated
oil bath at 100 0C for 40 min. The crude mixture was
poured into ice and 4 N NaOH aqueous solution and
extracted with ethyl acetate (2 X). The combine
organics were dried over sodium sulfate and
concentrated in vacuo to give 2.7 g crude product.
Trituration with ethyl acetate/hexanes gave highly
pure l-(5-bromopyridin-2-yl)-N,Ndimethylpiperidin-
4-arnine (91) (1.9 g, 95%) 1H NMR (400 MHz, CDCl3) d
8.18 ( 1 H, d, J = 2.3 Hz), 7.52 ( 1 H, dd, J = 9.0,
2.7 Hz), 6.58 ( 1 H, d, J = 9.0 Hz), 4.30 (2 H, d, J =
12.9 Hz), 2.79 - 2.91 (2 H, m), 2.49 ( 1 H, br. s.),
2.37 (6 H, s), 1.97 (2 H, d, J = 12.5 Hz), 1.45 - 1.60
(2 H, m) ppm.91 90
9-cyclopentyl-N-(6-(4-(dimethylamino)-l-piperidinyl)-3
-pyridinyl)-9H-pyrido[4'^':4,5]-
pyrrolo[2,3-d]pyrimidin-2-amiiie (90): To a microwave
reaction vessel were placed compound 4 (30 mg, 118
mmol), compound 91 (50 mg, 178 mmol),
tris(dibenzylideneacetone)dipalladium (0) (5.4 mg, 5.9
mmol), 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene
(8.6 mg, 15 mmol), and sodium tertbutoxide (34 mg, 355
mmol). 1,4-dioxane (4 mL) was added and the vessel was
purged with N2 for 3 min, then capped and subjected to
microwave irradiation for 2 h at 12O0C. After removal
of the volatiles, the residue was dissolved in
methanol and filtered. The filtrate was subjected to
reverse phase preparative HPLC (acetonitrile/water
containing 0.1% TFA each, 40 min from 5 to 40%) to
give ~ 15 mg of compound 90 as a TFA salt. 1H NMR (400
MHz, CD3OD) d 9.43 ( 1 H, s), 9.16 ( 1 H, s), 8.65 ( 1
H, d, 7=2.3 Hz), 8.48 - 8.57 (2 H, m), 8.12 ( 1 H, dd,
/=9.4, 2.3 Hz), 7.21 ( 1 H, d, J=9.4 Hz), 5.29 - 5.47
( 1 H, m), 4.45 (2 H, d, 7=13.7 Hz), 3.49 - 3.58 ( 1
H, m), 3.03 - 3.18 (2 H, m), 2.92 (6 H, s), 2.37 -
2.54 (2 H, m), 2.04 - 2.29 (6 H, m), 1.76 - 1.93 (4 H,
m) ppm; LCMS-ESI (POS), M/Z, M+l : Found 457.3,
Calculated 457.2. EXAMPLE 57 92
9-Cyclopentyl-8-fluoro-iV-(5-(l-piperazinyl)-2-pyridin
yl)-9H-pyrido[4',3':4,5]pyrrolo[2^-
d]pyrimidin-2-amine Compound 92 was prepared using
chemistry similar to that described in example 22. 1H
NMR (500 MHz, CD3OD) d 9.46 ( 1 H, s), 8.10 - 8.15 (3
H, m), 8.05 ( 1 H, d, J = 2.9 Hz), 7.64 ( 1 H, d, J =
9.5 Hz), 5.20 ( 1 H, m), 3.51 - 3.57 (4 H, m), 3.42 -
3.51 (4 H, m), 2.40-2.50 (2 H, m), 2.10-2.25 (4 H, m),
1.80- 1.90 (2H, m) ppm, LCMS-ESI (POS), M/Z, M+l :
Found 433.1 , Calculated 433.2.93
9-Cyclopentyl-S-fluoro-L'-(5-(l-piperazinyl)-2-pyridin
yl)-9H-pyrido[4t,3':4,5]pyrrolo[2^-
d]pyrimidin-2-amine Compound 93 was prepared using
chemistry similar to that described in example 22. 1H
NMR (500 MHz, CD3OD) d 9.10 ( 1 H, s), 8.75 ( 1 H, s),
8.28 ( 1 H, s), 8.23 ( 1 H, d, J = 9.0 Hz), 8.02 ( 1
H, d, J = 2.9 Hz), 7.46-7.49 ( 1 H, dd, J = 9.0, 2.6
Hz), 5.41 ( 1 H, m), 3.33 (4 H, m), 3.19 ( 1 H, m),
2.44-2.49 (2 H, m), 2.11-2.24 (4 H, m), 1.87-1 .90 (2
H, m) ppm; LCMS-ESI (POS), M/Z, M+l : Found 433. 1,
Calculated 433.2. EXAMPLE 59 94
5-Cyclopentyl-iV-(5-(l-piperazinyl)-2-pyridinyl)-5H-py
riinido[4l,5l:4,5]pyrrolo[2,3-d]pyrimidin-7- amine
Compound 94 was prepared using chemistry similar to
that described in example 22. 1H NMR (500 MHz, CD2Cl2)
d 9.21 ( 1 H, s), 8.96 ( 1 H, s), 8.83 ( 1 H, s), 8.32
(3 H, d, 7=9.0 Hz), 7.98 (2 H, d, /=2.2 Hz), 7.31 (2
H, dd, 7=9.0, 2.7 Hz), 5.23 - 5.31 ( 1 H, m), 3.05 (4
H, m), 2.95 (4 H, m), 2.47 ( 1 H, s), 2.28 (2 H, m),
2.10 - 2.20 (2 H, m), 1.98 - 2.08 (2 H, m), 1.70 -
1.84 (2 H, m) ppm, LCMS-ESI (POS), M/Z, M+l: Found
416.2, Calculated 416.2.EXAMPLE 60 95
4-Aminomethyl-l-(6-((9-cyclopentyl-9H-pyrido[4',3':4,5
]pyrrolo[2,3-d]pyrimidiii-2-yl)ainino)-3-
pyridinyl)-piperidine Pd2(dba)3, Xantphos NaOtBu,
1,4-dioxane "NHBoc 4 97 98 l,l-Dimethylethyl
l-(6-((9-cyclopentyl-9H-pyrido[4'^ l
:4,5]pyrrolo[2,3-d]pyriinidin-2-yl)ainino)-
3-pyridinyl)-4-piperidinemethyl carboxylate (98): A
mixture of 5-bromo-2-chloropyridine (0.019 g, 0.099
mmol), tert-buty piperidin-4-ylmethylcarbamate (97)
(0.024 g, 0.099 mmol), Xentphos (0.0086 g, 0.015
mmol), Pd2(dba)3 (0.0068 g, 0.0074 mmol), and sodium
tert-butoxide (0.014 g, 0.15 mmol) in dioxane was
purged with nitrogen gas for 1 min. The reaction was
heated at 8O0C for 2 hours and then cooled to room
temperature. Compound (4)(0.0250 g, 0.099 mmol),
Xantphos (0.0086 g, 0.015 mmol), Pd2(dba)3 (0.0068 g,
0.0074 mmol) and sodium tert-butoxide (0.014 g, 0.15
mmol) were added. The mixture was purged again with
nitrogen again for 1 min. And heated at 1000C for
1.5~2 hours and then cooled to room temperature. The
solvent was removed using Gene Vac. The residue was
sonicated with 2mL methanol. The solid was removed by
filtration, washed with 2xlmL methanol. The combined
solution was purified on a C-1 8 reverse phase column
(150 x 30 mm, 4 micro) using Mass directed preparative
HPLC and gradient elution of acetonitrile in water
containing 0.1%TFA to provide compound 98 as a TFA
salt. LCMS-ESI (POS), M/Z, M+l : 543.298 95
4-Aminomethyl-l-(6-((9-cyclopentyl-9H-pyrido[4
t,3':4,5]pyrrolo[2,3-d]pyrimidin-2-yl)amino)-3-
pyridinyl)-piperidine (95): Compound 98 was treated
with 1:1 TFA/DCM (2mL) at room temperature for an
hour. The solvent was evaporated. The residue was
re-dissolved in 4ml methanol and purified 



on a C-1 8 reverse phase column (150 x 30 mm, 4 micro)
using Mass directed preparative HPLC and gradient
elution of acetonitrile in water containing 0.1%TFA to
provide compound 95 as a TFA salt. LCMS retention time
(minutes): 0.708. LCMS-ESI (POS), M/Z, M+l : 443.2
Examples 61-100 (listed in Table 1) were prepared
using conditions as described for example 60 with
deprotection when necessary, replacing
5-bromo-2-chloropyridine and 97 with proper chemical
reagents. The reaction conditions such as temperature
and reaction time were the same unless indicated in
Table 1. All LCMS data was obtained using Agilent 1100
series LC/MSD, column: CAPCELL UG120 (3um, 4.6 mm LD.
x 50 mm), solvent system: water-acetonitile 95:5 with
0.1% formic acid. Table 1METHODS OF DEPOSITING
COATINGS WITH Y-NI + Y'NI3AI PHASE CONSTITUTION
TECHNICAL FIELD [0001] The disclosure relates to
methods for depositing coatings including a g-Ni + g '
- Ni Al phase constitution. BACKGROUND [0002]
Platinum-modified aluminide (PtAl) coatings have been
formed by electroplating Pt onto a substrate, applying
a short high temperature heat treatment, applying a
layer of Al, and performing a diffusion heat treatment
cycle. [0003] Using this basic process, it is possible
to make different classes of PtAl coatings. The
resulting phase structure of the resulting coatings
can depend upon a number of factors, such as, for
example, the thickness of the initial Pt plate, the
postplate diffusion cycle parameters, and the type of
aluminizing cycle. [0004] When applied after the short
high temperature heat treatment, a low temperature
high activity aluminizing cycle process (LTHA)
typically yields a twophase PtAl coating with an outer
layer making up about 65% of the total thickness, with
the diffusion zone accounting for only about a third
of the coating thickness. LTHA processes also
typically require a post-coat diffusion heat treatment
to form the final coating. For such two-phase
coatings, the Pt content in the outer layer can range
from about 25 wt. % to about 50 wt. % or higher. If a
high temperature low activity (HTLA) aluminizing
process is applied following heat treatment, the
resulting PtAl coating may be either two-phase or
single-phase, depending upon the specific process
parameters. The HTLA process usually includes
adequately high temperatures to allow the aluminum to
diffuse into the PtAl structure during the application
step. The single-phase PtAl coatings formed by a HTLA
process generally have Pt contents in the 15-30 wt. %
range, with the outer zone of the coating making up
only approximately 50% of the total thickness. The
diffusion zone is generally from about 40% to about
50% of the total thickness.SUMMARY [0005] However, Pt
electroplating solutions require careful maintenance
of temperature and pH, and may be susceptible to
"poisoning" if impurities are inadvertently introduced
during the processing of parts. Some Pt plating
solutions may also incorporate unacceptable levels of
sulfur (S) and/or phosphorous (P) into the deposited
Pt, which has undesirable effects on the coating
properties. Additionally, the masking of areas on
substrates where Pt is not desired must be of
materials that are not attacked by strong acids (or
bases depending on the process) and are able to
withstand higher temperatures. Further, some care is
required to ensure that no strong acids or bases
(depending on the specific type bath used) that could
initiate chemical attack when exposed to higher
temperatures in subsequent processing are entrapped
inside hollow part assemblies during the Pt
electroplating. [0006] Current processes for producing
coatings including a g-Ni + g '-Ni 3Al phase
constitution require either pack cementation or
chemical vapor deposition (CVD) to apply an Al layer
on the Pt layer. Pack cementation expends tremendous
amounts of energy and may create significant amounts
of waste that must be disposed of. Additionally, the
inert filler material used in pack cementation makes
thermal uniformity within a set of retorts more
difficult to achieve, and can create a non uniform
coating thicknesses. In particular, coating uniformity
for complex geometries may be challenging when using
pack cementation. [0007] Alternately, when CVD methods
are used to apply the Al layer, specialized and
potentially expensive equipment may be required to
provide necessary safety features to protect the
workers from the fluoride or chloride containing gases
that may be generated. This also may add costs to the
process. In addition, CVD processes can make masking
of areas on substrates where coating is not desired
more challenging due to the pervasive nature of
gaseous reactants involved. [0008] Additionally, it
may be difficult to co-deposit Al and a reactive
element, such as Hf, as is the current practice when
producing coatings having a g-Ni + g'-Ni3Alphase
constitution. Reactive elements such as Hf have a very
different molecular weight than Al, and thus have
different reactivity in the gas phase, which can
affect both pack cementation and CVD co-deposition of
a reactive element and Al. [0009] In one aspect, the
present disclosure is directed to a method including
depositing a powder on a substrate to form a first
layer thereon, wherein the first layer includes a Pt
group metal, Si and reactive element selected from the
group consisting of Hf, Y, La, Ce, Zr, and
combinations thereof. Deposited on the first layer is
a second layer including Al to form a coating with a
g-Ni + -g 'Ni Al phase constitution. In preferred
embodiments, the second layer is deposited with an
organo halocarbon activator. [0010] The coating
methods described in the present disclosure may
provide one or more advantages. For example, the
coating methods can provide more precise control of
the total amount of Al in the g-Ni + -g'Ni 3Al
coating. The composition of the coating is more
compatible with the composition of the underlying
substrate on which the coating is applied, and the
coating is more resistant to oxidation. [0011] Other
advantages provided by the coating methods described
in the present disclosure may include a lower
susceptibility to poisoning of the electrophoretic
bath compared to an electroplating bath, exclusion of
S and P from the deposited Pt, and the omission of
acids or bases from the electrophoretic bath. The
electrophoretic deposition of Pt, Si, and a reactive
element may also be more economical than
electroplating, and may be easier than the
co-deposition of Al and the reactive elements. [0012]
Additionally, electrophoretic deposition may be less
sensitive to the geometry of the part which is to be
plated. That is, the coating deposited by
electrophoretic deposition may deposit coatings having
a substantially uniform thickness, even on parts with
complex three-dimensional geometry. [0013] The details
of one or more embodiments of the invention are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the
invention will be apparent from the description and
drawings, and from the claims.BRIEF DESCRIPTION OF
DRAWINGS [0014] FIG. 1 is a cross-sectional view of an
article with a thermal barrier coating. [0015] FIG. 2
is a flowchart illustrating an example method of
coating a substrate. [0016] FIG. 3 is a side view
illustrating a metallic substrate immersed in an
electrophoretic bath. [0017] FIG. 4 is a side view
illustrating a metallic substrate immersed in an
electrophoretic bath coated with a layer including a
Pt-group metal, a reactive element, and Si. [0018]
FIG. 5 is a side view illustrating a metallic
substrate coated with a layer including a Pt-group
metal, a reactive element, and Si immersed in a second
electrophoretic bath. [0019] FIG. 6 is a side view
illustrating a metallic substrate immersed in an
electrophoretic bath coated with a first layer
including a Pt-group metal, a reactive element, and
Si, and a second layer including Al. [0020] FIG. 7 is
a flowchart illustrating an example method of coating
a substrate. [0021] FIG. 8 is a photograph of a
cross-section of a substrate coated with a g-Ni + - g
'Ni 3Al coating. [0022] FIG. 9 is a photograph of a
cross-section of a substrate coated with a g-Ni + -
g'Ni 3Al coating following a cyclic oxidation test.
[0023] FIG. 10 is a photograph of a cross-section of a
substrate coated with a layer including Pt, Si, and
Hf. [0024] FIG. 11 is a photograph of a cross-section
of a substrate coated with a g-Ni + - g'Ni 3Al
coating. [0025] FIG. 12 is a photograph of a
cross-section of a substrate coated with a g-Ni + - g
'Ni 3Al coating following a cyclic oxidation test.
[0026] FIG. 13 is a photograph of a cross-section of a
substrate coated with a layer including Pt, Si, and
Hf.[0027] FIG. 14 is a photograph of a cross-section
of a substrate coated with a g-Ni + - 5Ni Al coating.
[0028] FIG. 15 is a photograph of a cross-section of a
substrate coated with a g-Ni + - g'Ni 3Al coating
following a cyclic oxidation test. DETAILED
DESCRIPTION [0029] In one aspect, the current
disclosure is directed to methods for making coatings
including a g -Ni + g '-Ni3Al phase constitution,
which in this application refers to an alloy including
a Pt-group metal, Ni and Al in relative concentration
such that a g-Ni + g -Ni3Al phase constitution results
in some portion of the coating. In some embodiments,
the concentration of Al is limited with respect to the
concentration of Ni and the Pt-group metal such that
substantially no b-NiAl phase structure, preferably no
b-NiAl phase structure, is present in the alloy, and
the g-Ni + g 5-Ni3Al phase constitution predominates.
Exemplary alloys and coatings with a g-Ni + g '-Ni3Al
phase constitution are described in, for example, U.S.
Patent No. 7,273,662, which is incorporated by
reference herein in its entirety. [0030] While
coatings including a g-Ni + g'-Ni3Al phase
constitution are generally preferred, the methods
described herein may be used to make coatings
including up to about 33 at. % Al, which results in a
coating having a substantially b-NiAl phase structure.
Thus, while this disclosure is primarily directed to
producing coatings having a g-Ni + g '-Ni3Al phase
constitution, the invention is not limited to such
coatings. [0031] The g-Ni + g '-Ni3Al coatings may be
applied on any substrate, and are particularly well
suited for application on superalloy substrates
including Ni and Co. Any conventional superalloy
substrate may be used, including, for example, those
available from Martin-Marietta Corp., Bethesda, MD,
under the trade designation MAR-M247; those available
from Cannon-Muskegon Corp., Muskegon, MI, under the
trade designation CMSX-4, CMSX-10; and the like.
Typical superalloy substrate constituents such as, for
example, Cr, Co, Mo, Ta, Ti, W, Re, and
combinationsthereof, may optionally be added to or
present in the alloy composition to the extent 



that a g-Ni + -g'Ni 3Al phase constitution is present.
[0032] FIG. 2 shows an overview of an exemplary method
of coating a substrate, which will be discussed with
further reference to FIGS. 3-5. The substrate can
initially be coated with a first layer including Si, a
Pt-group metal, and at least one reactive element such
as, for example, Hf, Y, La, Ce, Zr and combinations
thereof (30). Any suitable coating method may be used
to apply the first layer, and electrophoretic
deposition is preferred. [0033] FIG. 3 is a block
diagram illustrating a simplified exemplary
electrophoresis bath apparatus 50. In an
electrophoretic coating process, the substrate 52 is
electrically coupled to a DC voltage source 60 as a
cathode. Substrate 52 is submerged in an
electrophoretic bath 58 which may include a suspension
56 with a liquid carrier, solids (including the
constituents of the coating composition and any
activator), and any other desired additives, such as
surfactants, oxidizers, and the like. The suspension
56 is agitated by an impeller 57 or other suitable
agitator to keep the solids and additives in
suspension. A suitable conductive material 54 is
electrically coupled to DC voltage source 60 as an
anode and submerged in bath 58. A DC voltage is
applied between substrate 52 and conductive material
54, causing a current to flow. The current causes the
positively charged coating composition, which may be
present in the suspension 56 as a metal/zein(Co ++)
complex species, to be attracted to the cathode, where
they contact the substrate 52, are deposited on the
substrate 52 surface, and are bonded onto the
substrate 52 surface in a layer 62, as shown in FIG.
4. [0034] The solids in the suspension 56 include a
Pt-group metal such as, for example, Pt, Pd, Ir, Rh,
Ru, and combinations thereof, and Pt is preferred. The
solids in the suspension 56 further include at least
one reactive element such as, for example, Hf, Y, La,
Ce, Zr and combinations thereof, and Hf is preferred.
The addition of such reactive elements tends to
stabilize the g ' phase in the final alloy
composition. Therefore, if sufficient reactive metal
is incorporated into the composition, the resulting
phase constitution may be predominately g' , or solely
g' . In addition, the solids in the suspension 56 may
also include Si.[0035] The solids may be prepared by
forming an alloy including the Pt-group metal,
reactive element, and Si. The alloy may then be ground
into a powder and deposited in the suspension. The
alloying and subsequent grinding may result in an
alloy powder having a substantially homogeneous
composition of Pt-group metal, reactive element, and
Si. [0036] Grinding may result in an alloyed powder
that includes particles with a size distribution. That
is, not all particles in the alloyed powder are
necessarily the same size (e.g., diameter). The
alloyed powder may include a relatively wide range of
particle sizes, depending on the parameters of the
electrophoretic electrodeposition process. In certain
embodiments, it is preferred that the size of a
majority of particles in the alloyed powder ranges
from about 1 mm to about 20 mm, more preferably from
about 5 mm to about 10 mm. Grinding may also introduce
small amounts of impurities into the alloyed powder.
Impurities introduced into the alloyed powder may
include, for example, Al and O, primarily in the form
OfAl2O3. [0037] The alloyed powder is preferably
substantially free of impurities, but may include up
to about 5 wt. % impurities. The alloyed powder also
preferably includes less than about 3 wt. % O2. If the
oxygen is combined with the reactive element in the
alloy such as Hf, it may not be fully incorporated
into the substrate during diffusion heat treatment.
Special precautions such as using a dry box with high
purity argon during the preparation of the alloy
mixture, pressing mixture into a compact, and
performing the alloying in extremely tight furnace
that eliminates traces of oxygen during the alloying
process have been shown to be beneficial in producing
alloy powders containing Pt, Si, and Hf. A stepped
heat treatment used during alloying is useful in
producing a homogenous alloy. [0038] In one
embodiment, to provide a Pt-group-metal modified g-g'
alloy in the first layer, the solids in the suspension
56 include about 84 wt. % to about 93 wt. % Ptgroup
metal, about 3 wt. % to about 12 wt. % Si, and about 2
wt. % to about 6 wt. % of the at least one reactive
element, based on the total weight of solids content
in the suspension 56.[0039] The total solids content
in the suspension may be about 15 grams solids per
liter liquid carrier to about 40 grams solids per
liter liquid carrier, preferably about 30 grams solids
per liter liquid carrier. [0040] The liquid carrier
preferably in the suspension 56 may vary widely so
long as it has compatibility with the solids therein,
and a variety of organic solvents may be used. The
liquid carrier preferably is essentially anhydrous,
i.e., is preferably essentially free of water.
Preferred liquid carriers also have at least one of a
high specific gravity and a high dielectric constant.
Preferred liquid carriers also dissolve an
electrophoretically active agent up to a concentration
of about 5 g/L. Additionally, preferred liquid
carriers do not react with an activating agent such as
those described in further detail below. [0041] In one
embodiment useful for making g-Ni + -7'Ni Al alloys,
the liquid carrier includes about 55 wt. % to about 65
wt. % isopropanol and about 35 wt. % nitromethane to
about 45 wt. % nitromethane, more preferably about 60
wt. % isopropanol and about 40 wt. % nitromethane.
[0042] The suspension 56 further includes an
electrophoretically active agent such as zein,
gliadin, synthetic methyl cellulose, and the like. The
electrophoretically active agent, in conjunction with
an activating agent, may form a chelated complex with
the metals in the suspension that has a positive
charge. The electrophoretically active agent is
present in the suspension at about 1 g/L to about 3
g/L, more preferably about 2.2 g/L. [0043] The
suspension 56 further includes an activating agent.
Suitable activating agents include transition metal
nitrates having divalent (+2) charges that can form a
chelated complex with the electrophoretically active
agent. In some embodiments, preferred activating
agents include nickel nitrate hexahydrate, cobalt
nitrate hexahydrate, and the like. The activating
agent is typically present in the suspension at about
0.08 g/L to about 0.20 g/L, and a concentration of
about 0.14 g/L is suitable. [0044] The chelated
complex formed by the electrophoretically active agent
and the activating agent may surround the metal
particles in the suspension 56 and impart aslight
positive charge that causes the encased particle to
migrate to and deposit on the negatively charged
substrate 52 (cathode). [0045] Electrophoretic
deposition of the Pt-group metal, reactive element,
and Si may be carried out for up to about 6 minutes at
a current density of about 1 to about 2 mA/cm2 between
the anode and cathode (substrate 52). Suitable
voltages range from about 35 V to about 250 V, and may
be chosen to provide the desired current density. The
necessary voltage may be influenced by the composition
of the electrophoretic bath and the distance between
the anode and cathode (substrate 52). The suspension
is maintained by mechanical agitation including, for
example, an impeller 57. Further details regarding
electrophoretic deposition processes are provided in
U.S. Patents No. 5,057,196 and 5,958,204 both to
Creech et. al, which are incorporated herein by
reference in their entirety. The weight of the coating
deposited may range from about 5 mg/cm2 to about 30
mg/cm2, preferably about 10 mg/cm2 to about 20 mg/cm2.
[0046] After completion of the electrophoretic
deposition of the Pt-group metal, Si and at least one
reactive element, the coated substrate 52/62 is
removed from the bath 58. The coated substrate 52/62
is then subjected to a heat treatment step (32). The
heat treatment enables the Pt-group metal, Si, and at
least one reactive element to diffuse into the
substrate and the substrate elements to diffuse into
the coating. The heat treatment step may be performed
at temperatures ranging from about 1800 F to about
2200 F for about 15 minutes up to about 1 hour.
Preferably, the diffusion heat treatment step occurs
in an inert atmosphere, such as under a vacuum. [0047]
Following the heat treatment step, the first layer
coating includes up to about 30 at.% of at least one
Pt-group metal, up to about 2 at.% of at least one
reactive element, and up to about 28 at.% Si. The
first layer includes about 10 at.% to about 30 at.% of
a Pt-group metal, about 0.3 at.% to about 2 at.% of a
reactive element, and about 2 at.% to about 28 at.%
Si. The first layer coating may also include up to
about 20 at.% Al, up to about 8 at.% Cr, and up to
about 8 at.% Co as a result of diffusion from the
superalloy substrate, as well as Ni and other
superalloy substituents. The first layer coating
includes about 10 at.% to about 20 at.% Al, about 2
at.% to about 8at.% Cr, and about 4 at.% to about 8
at.% Co. All of the above values are nominal, and may
vary up to about  1-2 at.%. [0048] As an example, in
one embodiment, the diffusion heat treatment resulted
in a coating including about 13 at. % Al, about 25 at.
% Pt, about 5 at. % Si, about 1.5 at. % Hf, about 4
at. % Cr, about 6 at. % Co, Ni, and incidental amounts
of other superalloy substrate elements. In the same
example, the phase constitution of the resulting
coating was about 85 % g'-Ni3Al and about 15 % g-Ni.
[0049] The coated substrate 52/62 may then be coated
with a second layer including Al (34). The second
layer may increase the amount of Al present in the
final coating. The Al deposition may be accomplished
using any conventional coating technique, including
pack cementation. When pack cementation is utilized,
coated substrate 52/62 is buried in a ceramic boat by
a pack. [0050] Coating thickness and composition may
be controlled by selecting appropriate pack
cementation times and temperatures, and also by
controlling the composition of the pack. In preferred
embodiments, the pack may include about 0.5 wt. % to
about 1 wt. % Al, about 1 wt. % to about 5 wt. %
organo halocarbon powder, and the balance 90 grit
aluminum oxide. [0051] The coated substrate and pack
are then heated to a temperature between about 1475 F
to about 1925 F for about 1 hour to about 4 hours,
which causes the coating materials in the pack to
deposit on to the coated substrate 52/62. [0052]
Additionally, one or more reactive elements may be
included in the pack mixture in amounts up to about 5
wt. %, if desired. The inclusion of one or more
reactive element in the second layer may increase the
concentration of the one or more reactive element in
the final coating. [0053] Alternatively, the Al
deposition may be accomplished using an
electrophoretic deposition process 70, as shown in
FIGS. 5 and 6. Similarly to FIG. 3, an electrophoretic
bath 78 is prepared which includes a suspension 76
including a coating composition, solvent or liquid
carrier, and any necessary additives, such as
activators and the like. The suspension 76 is agitated
by an impeller 77 or other suitable agitator to keep
the solids and additives in suspension. Coated
substrate 52/62 is electricallycoupled to a DC voltage
source 80 as a cathode, and another conductive
material 74 is connected to the DC voltage source 80
as an anode. The coated substrate 52/62 and conductive
material 74 are submerged in the suspension 76, and
the DC voltage source 



80 is applied, causing a current to flow, and the
positively-charged metal chelated complex coating
composition to deposit on the negatively charged
coated substrate 52/62. [0054] In both pack
cementation and electrophoretic deposition, the pack
mix or suspension 76 may include an organo halocarbon.
Based on presently available evidence, the organo
halocarbon can act as an activator for the Al. The use
of the organo halocarbon activator is particularly
preferred for the electrophoretic deposition process,
as conventional halide salt activators are not
compatible with this process, but its use is also
preferred for pack cementation. [0055] Suitable organo
halocarbons include, for example, fluoropolymers,
chloropolymers, such as polyvinylchloride, and the
like. [0056] Suitable organo halocarbons can
preferably be produced in granular form and are
compatible with the liquid carrier in the
electrophoretic suspension. One particularly preferred
fluoropolymer is polytetrafluoroethylene (PTFE), which
may be obtained from DuPont Fluoroproducts,
Wilmington, DE, under the trade designation DuPont
Teflon PTFE 60 and DuPont micronized PTFE powder,
available under the trade designation Dupont Zonyl MP-
1200. [0057] During the electrophoretic process 70,
the organo halocarbon and Al are substantially
concurrently deposited on the coated substrate 52/62,
forming layer 72, as shown in FIG. 6. [0058] The
electrophoretic suspension 76 may include a coating
composition, liquid carrier, and any necessary
additives, such as activators and the like. [0059]
Suitable liquid carriers include nitroalkanes,
alcohols containing about 1 to about 6 backbone
carbons, glycols, and the like, and mixtures of
isopropanol and nitromethane are preferred. In some
embodiments, the liquid carrier comprises about 55 wt.
% to about 65 wt. % isopropanol and about 35 wt. % to
about 45 wt. %nitromethane, more preferably about 60
wt. %isopropanol and about 40 wt. % nitromethane.
[0060] The electrophoretic suspension 76 may include a
total solids content (including the coating
composition) of about 15 g solids per L liquid carrier
to about 40 g solids per L liquid carrier, preferably
about 30 g solids per L liquid carrier. [0061] The
electrophoretic suspension 76 may further include an
activating agent and an electrophoretically active
agent, including those described above. Suitable
electrophoretically active agents include zein, and
preferred concentrations include about 1 g/L to about
3 g/L, more preferably about 2.2 g/L. Suitable
activating agents include cobalt nitrate hexahydrate,
and preferred concentrations include about 0.08 g/L to
about 0.20 g/L, and a concentration of about 0.14 g/L
is suitable. [0062] The electrophoretically active
agent and the activating agent may form a chelated
complex which may surround the metal particles in the
electrophoretic suspension 76 and impart a slight
positive charge that causes the encased particle to
migrate to and deposit on the negatively charged
cathode. [0063] The solids present in the
electrophoretic suspension 76 may include an Al
source, an organo halocarbon activator, and filler.
[0064] The Al source may include elemental Al, or may
include alloy powders such as, for example (by weight)
55Al:45Cr, 42Al:40Cr:18Mn, 70Al:30Cr, other
aluminum-chromium alloys, organo-aluminum compounds,
and the like. [0065] The filler may be a non-reactive
oxide powder, such as aluminum oxide, zirconium,
titanium, or hafnium oxide, and the like. Typically,
the solids in the suspension 76 include about 0.5 wt.
%to about 25 wt. % of the Al source, about 1 wt. %to
about 10 wt. %of the organo halocarbon activator, and
the balance filler. [0066] Typical electrophoretic
deposition of the Al may be carried out for up to
about 6 minutes at a current density of about 1 mA/cm2
to about 2 raA/cm2 between the anode and cathode
(substrate 52). Suitable voltages range from about 35
V to about 250 V, and may be chosen to provide the
desired current density. The necessary voltage may be
influenced by the composition of the electrophoretic
bath and the distance between the anode and cathode
(substrate 52). The suspension is maintainedby
mechanical agitation including, for example, an
impeller 77. Further details regarding electrophoretic
deposition processes are provided in U.S. Patents No.
5,057,196 and 5,958,204 both to Creech et al., which
are incorporated herein by reference in their
entirety. Adjusting either the current density or
deposition time, or both, may allow control over the
green coat weight. The green coat weight affects the
total amount of Al available to diffuse into the
coating during subsequent heat treating steps.
Preferred green coat weights range from about 12
mg/cm2 to about 65 mg/cm2, preferably about 15 mg/cm 2
to about 30 mg/cm2. [0067] After application of the
second layer 72, the entire article 52/62/72 may
undergo a series of additional steps, including a
second heat treatment (76), cleaning, (78), and a
final heat treatment step (80), as shown in FIG. 7.
The heat treatment (76) facilitates interdiffusion of
the Al and the elements on the coated substrate. Heat
treatment is particularly useful when the Al is
deposited using electrophoretic deposition. When
electrophoretic deposition is used, the Al is
substantially codeposited with the organo halocarbon.
[0068] While not wishing to be bound by any theory,
presently available evidence indicates that the heat
treatment may cause the organo halocarbon to
decompose, releasing halogens, which may then react
with the Al, activating the Al. When the Alhalogen
compound diffuses to the surface of the coated
substrate 52/62, the Al reacts with and is bound to
the surface. The reaction liberates the halogen, which
is then free to react with and activate another Al
atom in the green coat. Thus, the heat treatment step
(76) can bind the Al to the coated substrate 52/62, in
addition to facilitating interdiffusion between coated
substrate 52/62 and layer 72. [0069] By selecting the
time and temperature of the heat treatment step (76),
the total amount of Al bound to the surface of coated
substrate 52/62 can be controlled. Typical heat
treatments range from about 1475 F to about 1975 0F
for about 1 hour to about 4 hours. The heat treatment
is preferably carried out in an oven under an inert
atmosphere, such as a partial pressure (about -5
inches Hg) of argon. [0070] After the second heat
treatment step, the coated substrate may be cleaned
(78), especially if a green coat was deposited by
electrophoresis. The cleaning removes anyexcess green
coat that is not chemically bound to the surface of
the article. Cleaning may be accomplished by
ultrasonic cleaning in water or a solvent such as
methanol, or simply mechanically removing the residual
unreacted bisque with a soft bristle brush, or the
like. [0071] After the cleaning step, the article may
be exposed to a final heat treatment step (80), except
in the case for pack cycles with temperatures high
enough to cause interdiffusion of the Al with the
substrate. The final heat treatment facilitates
further diffusion of the coating elements and produces
a more uniform coating. The final heat treatment step
is preferably carried out at about 1975 F to about
2080 F for about 1 to about 4 hours, although any
convenient temperature may be used. [0072] The
coatings described in this disclosure can be used in a
wide variety of applications, but are particularly
well suited to high-temperature mechanical systems,
such as, for example, gas-turbine engines, that must
operate in severe environments. A portion of a typical
metallic article 10 used in a high-temperature
mechanical system is shown in Fig. 1. The article 10
may include a Ni or Co-based superalloy substrate 12,
which may be coated with a thermal barrier coating
(TBC) 14. The thermal barrier coating 14 includes a
thermally insulative ceramic topcoat 20 and an
underlying metallic bond coat 16. [0073] The topcoat
20, usually applied either by air plasma spraying or
electron beam physical vapor deposition, is most often
a layer of yttria-stabilized zirconia (YSZ) with a
thickness of about 300-600 mm. The properties of YSZ
include low thermal conductivity, high oxygen
permeability, and a relatively high coefficient of
thermal expansion. [0074] The YSZ topcoat 20 is also
made "strain tolerant" by depositing a structure that
contains numerous pores and/or pathways. The
consequently high oxygen permeability of the YSZ
topcoat 20 imposes the constraint that the metallic
bond coat 16 must be resistant to oxidation attack.
The bond coat 16 therefore should be sufficiently rich
in Al to form a layer 18 of a protective thermally
grown oxide (TGO) scale of a-Al2O3. In addition to
imparting oxidation resistance, the TGO bonds the
ceramic topcoat 20 to the bond coat 16.[0075] As noted
above, the methods described in the present disclosure
provide enhanced control over the Al content of the
metallic bond coat 16, as well as provide a surface
composition such that upon exposure to elevated
temperatures, a slowgrowing, adherent oxide film is
formed. This adherent thermally grown oxide (TGO)
layer (18) extends the life of the YSZ topcoat by
delaying the spallation or de-bonding of the layer
from either the substrate or the YSZ topcoat. This is
of great practical importance for increasing the
durability of YSZ topcoats on turbine engine hardware,
such as blades and vanes, which operate at high
temperatures in more advanced gas turbine engines.
EXAMPLES Example 1 [0076] A CMSX-4 substrate was first
electrophoretically coated with a film of about 84 wt.
% Pt, about 10 wt. % Si and about 6 wt. % Hf (XP-71),
and heat treated at about 1900 F for about 30 minutes
in a vacuum. The coating composition after the heat
treatment was about 13 at. % Al, 25 at. % Pt, 5 at. %
Si, 1.5 at. % Hf, 4 at. % Cr, 6 at. % Co, and the
balance Ni, with incidental amounts of substrate
elements (other than Cr and Co). [0077] A pack mixture
(PM 1) containing about 1 wt. % Al powder, 1 wt. %
PTFE type 60 powder, and a balance of 90 grit aluminum
oxide was prepared. The sample was buried in PM 1 in a
ceramic boat. The boat, PM 1 and sample were subjected
to a temperature of about 1475 F for about 1 hour in a
partial pressure of argon of about - 5 inches Hg.
After removal from the pack, the sample had a
composition gradient with the near-surface composition
being about 25 at. % Al, 6 at. % Pt, 17 at. % Si, 0.2
at. % Hf, 2 at. % Cr, 7 at. % Co and the balance Ni,
and the composition in the middle of the coating being
about 15 at. % Al, 25 at. % Pt, 6 at. % Si, 1.7 at. %
Hf, 5 at. % Cr, 5 at. % Co, and the balance Ni. After
a final heat treatment of about 2000 F for about 1
hour, the near-surface average composition to a depth
of about 10 microns was about 23.5 at. % Al, 12 at. %
Pt, 7 at. % Si, 4 at. % Cr, 6 at. % Co, 0.8 at. % Hf,
0.4 at. % W (diffused from the substrate) and the
balance Ni.Example 2 [0078] A second sample was
prepared similarly to Example 1. However, the pack
deposition was carried out at about 1925 F for about 1
hour in a partial pressure of argon (about -5 inches
Hg). The higher temperature was expected to result in
a 



coating similar to that formed in a high temperature
low activity when compared to Example 1. After pack
deposition, the coating was cleaned by blasting with
220 grit aluminum oxide at about 20 psi. The sample
showed a modest weight gain of about 4 mg/cm2.
Metallographic examination showed an Al-enriched top
layer with an average near-surface composition of
about 27.5 at. % Al, about 13 at. % Pt, about 6 at. %
Si, about 0.7 at. % Hf, about 4 at. % Cr, about 5 at.
% Co, and the balance Ni. Example 3 [0079] Another
sample of CMSX-4 was electrophoretically coated with
XP-71 and heat treated at about 1900 0F for about 30
minutes in a vacuum. A second pack mix (PM 2) was
prepared that included about 0.5 wt. % Al, about 5 wt.
% Hf, about 5 wt. % PTFE type 60 resin powder, and the
balance 90 grit aluminum oxide. The sample was buried
in PM 2 in a ceramic boat and heat treated at about
1475 F for about 1 hour in a partial pressure of argon
(about -5 inches Hg). A post-coat diffusion heat
treatment of about 2000 F for about 1 hour was
applied, and the average composition was about 14 at.
% Al, 17 at. % Pt, 3 at. % Cr, 6 at. % Co, 1 at. % Hf,
with the balance Ni, and incidental amounts of
substrate elements. Compared to Example 1, PM 2 showed
a slight enrichment of Al as well as an increase in
the Hf content of the coating. Example 4 [0080] After
demonstrating PTFE type 60 resin powder is an
effective activator for Al, the ingredients of the
pack mix were incorporated into an electrophoretic
bath. [0081] The electrophoretic bath included solids
comprising about 15 wt. % Al, 5 wt. % PTFE type 60
resin powder and about 80 wt. % fine aluminum oxide
powder. Thesolids were mixed at a concentration of
about 30 g total solids per liter liquid carrier into
about 60 wt. % isopropyl alcohol and about 40 wt. %
nitromethane. Along with the solids, about 2 g/L zein
and about 0.14 g/L cobalt nitrate were added. A
portion of a sample previously coated with XP-71 was
submerged in the electrophoretic bath, attached to a
DC voltage source as a cathode and coated with about
64.1 mg/cm2 of solids. [0082] The sample was then
subjected to a heat treatment cycle of about 1925 F
for about 1 hour in a partial pressure of argon (about
-5 inches Hg). The surface of the sample was then
cleaned with by blasting with 220 grit aluminum oxide
at about 20 psi. Metallographic evaluation revealed a
change in microstructure and a thicker coating. X-ray
energy dispersive analysis (XEDA) revealed an average
near-surface coating composition of about 33 at. % Al,
about 11 at. % Pt, about 2.5 at. % Si, about 0.2 at. %
Hf, about 1.5 at. % Cr, about 3 at. % Co, and the
balance Ni. After further heat treating at about 2080
F for about 1 hour, the average composition in the
middle of the coating was about 25 at. % Al, about 7
at. % Pt, about 5 at. % Si, about 0.6 at. % Hf, about
4 at. % Cr, about 6.6 at. % Co, and the balance Ni.
Example 5 [0083] A substrate of CMSX-4 first received
a heavy (about 29 mg/cm2) green coat of XP-71 by
electrophoretic deposition, and was then heat treated
at about 1900 F for about 15 minutes. The sample was
then cleaned using aluminum oxide powder. Another pack
mixture included about 1 wt. % PTFE DuPont micronized
Zonyl MP- 1200 powder (hereinafter referred to as
Zonyl MP- 1200), about 1 wt. % Al, and about 98 wt. %
of 90 grit aluminum oxide powder. The sample was
immersed in the pack mixture, placed in a crucible and
processed at about 1515 F for about 1 hour in an Ar
(-5" Hg) partial pressure. After removal of the
unreacted bisque, the sample was further processed by
heat treating at about 20000F for 1 hour in vacuum.
The sample was lightly blasted with 220 grit aluminum
oxide to provide a clean surface for metallographic Ni
plating and preparation for mounting in cross-section,
and polishing. XEDA analysis of the 10 micron thick
surface layer showed an averagecomposition of about 22
at. % Al, about 11 at. % Pt, about 8 at. Si, about 0.8
at. % Hf, about 5 at. % Cr, about 5 at. % Co, with the
balance Ni, and incidental amounts of substrate
elements. Example 6 [0084] A PtSiHf alloy powder with
a nominal composition of 9 1 wt. % Pt, 4 wt. % Si and
5 wt. % Hf (XP-74) was electrophoretically deposited
at a green coating weight of about 2 1.0 mg/cm2 on to
a CMSX-4 substrate. The green coat was subsequently
diffused at about 2125 F for about 30 minutes in a
vacuum. A second electrophoretic bath was prepared
including about 10 wt. % 70Al-30Cr alloy powder, about
5 wt. % PTFE Zonyl MP- 1200 powder and about 85 wt. %
1 micron nominal particle size alumina powder mixed
into a liquid carrier including about 60 wt. %
isopropanol and about 40 wt. % nitromethane, with a
total solids content of about 30 g solids per liter
liquid carrier. Additionally, the electrophoretic bath
included about 2 g/L zein and about 0.14 g/L cobalt
nitrate hexahydrate. The sample was immersed in the
electrophoretic bath and connected to a DC voltage
source as a cathode. Electrophoretic deposition
resulted in a green coat of about 21 mg/cm2 on the
substrate. [0085] The substrate including the
electrophoretic deposit was placed in a crucible
surrounded with 90 grit white aluminum oxide and
exposed to a heat treatment at about 1475 F for about
2 hours under a partial pressure of Ar. After removal
from the furnace, the electrophoretic deposit bisque
remnants were carefully removed and the sample further
heat treated for about 1 hour at about 2080 F to form
the final coating. The near-surface composition
determined by XEDA was about 18 at. % Al, about 19 at.
% Pt, about 1.3 at. % Si, about 0.25 at. % Hf, about
2.5 at. % Cr, about 6 at. % Co, and the balance Ni.
Example 7 A CMSX-4 substrate was processed by
electrophoretically depositing XP-74 onto the
substrate from an electrophoretic bath to a green coat
weight of about 2 1 mg/cm2.The green coat was diffused
into the substrate using a heat treatment at about
2125 F for about 30 minutes in a vacuum. The sample
was then processed using an approximately 20 psi 220
grit aluminum oxide blast cleaning step. A second
electrophoretic bath was prepared by mixing about 9
wt. % Al, about 5 wt. % PTFE Zonyl MP- 1200 powder and
about 86 wt. % 1 micron nominal particle size alumina
powder in a liquid carrier comprising about 60 wt. %
isopropanol and about 40 wt. % nitromethane, producing
a suspension with a total solids concentration of
about 30 g/L. Also included in the suspension was
about 2 g/L zein and about 0.14 g/L cobalt nitrate
hexahydrate. The sample was submersed in the
electrophoretic bath and connected to a DC voltage
source as the cathode. [0086] The electrophoretic
deposition resulted in a green coat of about 27
mg/cm2. The sample was then heat treated at about 1515
0F for about 1 hour in a partial pressure of argon
(about -5 inches Hg). The residual, undiffused bisque
was carefully removed and the sample further heat
treated at about 2080 F for about 1 hour in a vacuum
to form the final coating. The final composition as
measured by XEDA at a depth of about 2 microns below
the surface was about 23 at. % Al, about 13 at. % Pt,
about 1 at. % Si, about 0.25 at. % Hf, about 6 at. %
Co, with the balance Ni. The final coating had a
typical g-g' microstructure 92, as shown in FIG. 8.
Example 8 [0087] A CMSX-4 sample was processed by
electrophoretically depositing XP-74 at a green coat
weight of about 30 mg/cm2. The sample was then heat
treated at about 2125 F for about 30 minutes in a
vacuum. The average surface coating composition to a
depth of about 10 microns was about 9 at. % Al, about
17 at. % Pt, about 3 at. % Si, about 0.3 at. % Hf,
about 6 at. % Cr, about 7 at. % Co, with the balance
Ni, and incidental amounts of substrate elements. A
second electrophoretic bath was prepared by mixing
about 10 wt. % Al, about 5 wt. % PTFE Zonyl MP- 1200
powder and about 85 wt. % 1 micron nominal particle
size alumina powder in a liquid carrier comprising
about 60 wt. % isopropanol and about 40 wt. %
nitromethane, producing a suspension with a total
solids concentration of about 30 g/L. Also included in
the suspension wasabout 2 g/L zein and about 0.14 g/L
cobalt nitrate hexahydrate. The sample was submerged
in the electrophoretic bath and a green coat of about
42 mg/cm2 was deposited. [0088] The sample was then
subjected to a heat treatment of about 1515 F for
about 1 hour in a partial pressure of Ar (about -5
inches Hg). The residual bisque was removed and the
sample was further heat treated at about 2080 F for
about 1 hour. XEDA results for the 10 micron thick
surface layer showed an average composition of about
23 at. % Al, about 10 at. % Pt, about 0.3 at. % Hf,
about 3 at. % Cr, about 7 at. % Co, with the balance
Ni, and incidental amounts of other substrate
elements. Example 9 [0090] An example of the thin
oxide film formed on the sample from Example 7 above
was subjected to a cyclic oxidation test at 1150 C
(2100 F) for 100 cycles consisting of 50 minutes
hot/10 minutes cooling. The results are shown in FIG.
9. The oxide 100 is well adhered to the substrate, and
thin relative to some traditional PtAl coatings.
Example 10 [0091] A CMSX-4 sample was lightly blasted
with 220 grit aluminum oxide at about 20-25 psi and
then immersed in methanol and ultrasonically cleaned
to loosen any grit particles that may have been
embedded in the surface of the sample. A green coat
weighing about 13.72 mg/cm2 of XP-74 was
electrophoretically deposited on the substrate, and
the sample was heat treated for about 30 minutes at
about 2125 F in a vacuum. The sample was then etched
with a solution of 33% acetic acid (CH3COOH), 33%
nitric acid (HNO3), 1% hydrofluoric acid (HF), and 33%
water to reveal the resultant microstructure. FIG. 10
shows the resulting microstructure, including a
coating 110 ranging from about 0.93 mils to about 1.29
mils thick.Example 11 Another CMSX-4 sample was
processed similar to the sample in Example 10, except
that the green coat weight was about 19.38 mg/cm 2. In
a second step, a green coat composition of about 5 wt.
% Al, 5 wt. % PTFE Zonyl MP- 1200, and 90 wt. %
alumina ( l m nominal particle size) was
electrophoretically deposited onto the sample and heat
treated in a furnace under a partial pressure of Ar
(about -5 inches Hg) at about 1515 F for about 1 hour.
The temperature was ramped to 15 15 F at a rate of
about 15 F/minute. At the conclusion of the heat
treatment, the furnace was gas fan cooled to near
ambient temperature. Upon removal from the furnace,
the excess unreacted bisque was gently removed from
the sample. The sample was then placed back into the
furnace for a post-coat heat treatment under vacuum at
about 2000 F for about 1 hour. After a low-pressure
(about 20 to about 25 psi) dry hone clean-up with 220
grit aluminum oxide, the sample was submitted for a
semi-quantitative x-ray energy-dispersive analysis
(XEDA) to determine the final coating composition.
Figure 11 shows the resulting microstructure after the
second step with an outer layer 



122 that is somewhat enriched in Al. The overall
average composition of the 10 m surface layer 124 was
clearly in the g + g ' PtAl composition range: about
21.8 at. % Al, about 17.1 at. % Pt, about 1.5 at. %
Si, about 0.17 at. % Hf, about 4.4 at. % Cr, with the
balance primarily Ni. The coating was etched with same
etchant as in Example 10 to clearly show the surface
layer 124 in comparison to the underlying CMSX-4
substrate 126. Example 12 [0092] The coating from
Example 11 was exposed to 100 cycles of 1150 C (2100
F) in air. The cycles consisted of 50 minutes under
the high temperature followed by 10 minutes of cooling
with four fans blowing on the samples to cool them to
near ambient temperature. After 100 cycles, the
samples were etched and photographed as shown in FIG.
12. The thin thermally grown oxide layer 132 is shown
along with a metallographic nickel plate 134, the g +
g' coating 136, and the CMSX-4 substrate 138.Example
13 [0093] Another CMSX-4 sample was lightly blasted
with 220 grit aluminum oxide at about 20-25 psi and
then immersed in methanol and ultrasonically cleaned
to loosen any grit particles that may have been
embedded in the surface of the sample. An
electrophoretic suspension including solids comprising
about 84 wt. % Pt, about 5 wt. % Si, and about 6 wt. %
Hf, with the balance impurities including a small
amount of oxygen (XP-96) was prepared, and the CMSX-4
sample was submersed in the suspension. A green coat
weighing about 19.53 mg/cm2 of the XP-96 was deposited
on the CMSX-4, and the sample was heat treated at
about 2000 F for about 30 minutes in a vacuum furnace.
The sample was then etched with a solution of about
33% acetic acid (CH3COOH), about 33% nitric acid
(HNO3), about 1% hydrofluoric acid (HF), and about 33%
water to reveal the resultant microstructure shown in
FIG. 13 including CMSX-4 substrate 142 and coating
144. Example 14 [0094] Another CMSX-4 sample was
processed similar to the sample in Example 13, except
that the green coat weight was about 18.36 mg/cm2. In
a second step, a green coat composition of about 5 wt.
% Al, 3.5 wt. % PTFE Zonyl MP-1200, and 91.5 wt. %
alumina ( 1m nominal particle size) was
electrophoretically deposited onto the sample and heat
treated in a furnace under a partial pressure of Ar
(about -5 inches Hg) at about 1515 F for about 1 hour.
The temperature was ramped to 1515 F at a rate of
about 15 F/minute. At the conclusion of the heat
treatment, the furnace was gas fan cooled to near
ambient temperature. Upon removal from the furnace,
the excess unreacted bisque was gently removed from
the sample. The sample was then placed back into the
furnace for a post-coat heat treatment under a vacuum
at about 2000 F for about 1 hour. After a low-pressure
(about 20 to about 25 psi) dry hone clean-up with 220
grit aluminum oxide, the sample was submitted for a
semi quantitative x-ray energy-dispersive analysis
(XEDA) to determine the final coating composition.
Figure 14 shows the resulting microstructure after the
second step with a thin outer layer 152 that is
somewhat enriched in Al. The overall average
compositionof the 10 m surface layer 154 was clearly
in the g + g' PtAl composition range of about 20.0 at.
% Al, about 16.1 at. % Pt, about 2.5 at. % Si, about
0.38 at. % Hf, about 2.8 at. % Cr, with the balance
primarily Ni. The coating was etched with same etchant
as in Example 10 to clearly show the surface layer 154
in comparison to the underlying CMSX-4 substrate 156.
Example 15 [0095] The coating from Example 14 was
exposed to 100 cycles of 1150 C (2100 F) in air. The
cycles consisted of 50 minutes under the high
temperature followed by 10 minutes of cooling with
four fans blowing on the samples to cool them to near
ambient temperature. After 100 cycles, the samples
were etched and photographed as shown in FIG. 15. The
thin thermally grown oxide layer 162 is shown along
with a metal lographic nickel plate 164, the g + g '
coating 166, and the CMSX-4 substrate 168. [0096]
Various embodiments of the invention have been
described. These and other embodiments are within the
scope of the following claims.CLAIMS: 1. A method,
comprising: depositing a powder on a substrate to form
a first layer thereon, wherein the first layer
comprises a Pt group metal, Si and a reactive element
selected from the group consisting of Hf, Y, La, Ce,
Zr, and combinations thereof; and depositing on the
first layer a second layer comprising Al to form a
coating comprising a g-Ni + -g'Ni 3Al phase
constitution. 2. The method of claim 1, wherein the
Pt-group metal comprises at least one of Pt, Pd, Ir,
Rh and Ru. 3. The method of claim 1, wherein the
coating further comprises at least one of Cr, Co, Mo,
Ta, Ti, W, and Re. 4. The method of claim 1, wherein
the powder comprises about 84 wt. % to about 93 wt. %
Pt, about 3 wt. % to about 12 wt. % Si and about 2 wt.
% to about 6 wt. % Hf. 5. The method of claim 1,
wherein the at least one of the first and second
layers are deposited by electrophoresis. 6. The method
of claim 5, wherein the second layer is deposited from
an electrophoretic suspension comprising solids
including about 0.5 wt. % to about 25 wt. % of an Al
source, about 1 wt. % to about 10 wt. % of an organo
halocarbon activator, and a filler. 7. The method of
claim 6, wherein the Al source comprises at least one
of elemental Al, an aluminum-chromium alloy, an
organo-aluminum compound, or an
aluminum-chromium-manganese alloy.8. The method of
claim 1, wherein the second layer is deposited by pack
cementation. 9. The method of claim 8, wherein the
pack comprises about 0.5 wt. % Al to about 5 wt. % Al,
about 1 wt. % to about 10 wt. % organo halocarbon
activator, less than about 5 wt. % of at least one
reactive element comprising Hf, Y, La, Ce, and Zr, and
a filler. 10. The method of claim 1, wherein the
second layer is deposited from a source comprising Al
and an organo halocarbon. 11. The method of claim 10,
wherein the organo halocarbon activator comprises
polytetrafluoroethylene. 12. The method of claim 1,
wherein the coating comprises a predominately g-g '
phase constitution. 13. The method of claim 1, further
comprising applying at least one heat treatment
following the deposition of at least one of the first
and second layers. 14. The method of claim 1, further
comprising applying a heat treatment after the first
layer is deposited. 15. The method of claim 14,
wherein the first layer comprises up to about 30 at.%
of a Pt-group metal, up to about 2 at.% of a reactive
element, and up to about 28 at.% Si.16. The method of
claim 14, wherein the first layer comprises about 10
at.% to about 30 at.% of a Pt-group metal, about 0.3
at.% to about 2 at.% of a reactive element, and about
2 at.% to about 28 at.% Si. 17. The method of claim
15, wherein the first layer comprises up to about 20
at.% Al, up to about 8 at.% Cr, and up to about 8 at.%
Co. 18. The method of claim 16, wherein the first
layer comprises about 10 at.% to about 20 at.% Al,
about 2 at.% to about 8 at.% Cr, and about 4 at.% to
about 8 at.% Co. 19. A method, comprising: depositing
on a substrate a first layer comprising Pt, Si, and a
reactive element selected from the group consisting of
Hf, Y, La, Ce, Zr, and combinations thereof; and
depositing a second layer comprising Al on the first
layer to form an alloy including a g-Ni + -7'Ni Al
phase constitution, wherein the second layer is
deposited with an organo halocarbon activator. 20. The
method of claim 19, wherein the organo halocarbon
comprises polytetrafluoroethylene. 21. The method of
claim 19, wherein the first layer is deposited using
electrophoresis. 22. The method of claim 19, wherein
the second layer is deposited with a pack cementation
process. 23. The method of claim 22, wherein the pack
comprises about 0.5 wt. % Al to about 5 wt. % Al,
about 1 wt. % to about 10 wt. % fluorocarbon, less
than about 5 wt. % of the reactive element, and a
filler.24. The method of claim 19, wherein the second
layer is deposited using electrophoresis. 25. The
method of claim 24, wherein the second layer is
deposited from an electrophoretic suspension
comprising solids including about 0.5 wt. % to about
25 wt. % of an Al source, about 1 wt. % to about 10
wt. % of an organo halocarbon activator, and a filler.
26. The method of claim 19, further comprising
applying a heat treatment following the deposition of
at least one of the first and second layers. 27. The
method of claim 19, further comprising applying a heat
treatment after deposition of both the first and the
second layers. 28. The method of claim 19, wherein the
alloy comprises a predominately g-Ni + 7'Ni Al phase
constitution. 29. An article formed by the method of
claim 1. 30. An article formed by the method of claim
19. 


