
SUBSTITUTED PHENOXY THIAZOLIDINEDIONES AS ESTROGEN
RELATED RECEPTOR-a MODULATORS FIELD OF THE INVENTION
The present invention relates to certain novel
compounds, methods for preparing compounds,
compositions, intermediates and derivatives thereof
and for treating conditions such as cancer, arthritis,
inflammatory airway disease, and metabolic disorders.
More particularly, the compounds of the present
invention are Estrogen Related Receptor alpha (ERR-a)
modulators useful for treating, ameliorating, slowing
or inhibiting the progression of disease states,
disorders, and conditions mediated by ERR-a activity.
BACKGROUND OF THE INVENTION Nuclear receptors are
members of a superfamily of transcription factors. The
members of this family share structural similarities
and regulate a diverse set of biological effects
(Olefsky, J. M. J. Biol. Chem. 2001 , 276(40),
36863-36864). Ligands activate or repress these
transcription factors that control genes involved in
metabolism, differentiation and reproduction (Laudet,
V. and H. Gronmeyer. The Nuclear Receptor Factbooks.
2002, San Diego: Academic Press). Presently, the human
genome project has identified about 48 members for
this family and cognate ligands have been identified
for about 28 of them (Giguere, V. Endocrine Rev. 1999,
20(5), 689-725). This protein family is composed of
modular structural domains that can be interchanged
within the members of the family without loss of
function. A typical nuclear receptor contains a
hypervahable N-terminus, a conserved DNA binding
domain (DBD), a hinge region, and a conserved
ligand-binding domain (LBD). The function of the DBD
is targeting of the receptor to specific DNA sequences
(NHR response elements or NREs), and the function of
the LBD is recognition of its cognate ligand. Within
the sequence of the nuclear receptor there are regions
involved in transcriptional activation. The AF-1
domain is situated at the N-terminus andconstitutively
activates transcription (Rochette-Egly, C. et al. Cell
1997, 90, 97-107; Rochette-Egly, C. et al. MoI.
Endocrinol. 1992, 6, 2 197-2209), while the AF-2
domain is embedded within the LBD and its
transcriptional activation is ligand dependent (Wurtz,
J.M. et al. Nat. Struct. Biol. 1996, 3, 87-94).
Nuclear receptors can exist as monomers, homodimers or
heterodimers and bind to direct or inverted nucleotide
repeats (Laudet and Gronmeyer, 2002; Aranda, A. and A.
Pascual. Physiol. Rev. 2001 , 8 1(3), 1269-1 304). The
members of this family exist either in an activated or
repressed basal biological state. The basic mechanism
of gene activation involves ligand dependent exchange
of co-regulatory proteins. These co-regulatory
proteins are referred to as coactivators or
co-repressors (McKenna, L.J. et al. Endocrine Rev.
1999, 20, 321 -344). A nuclear receptor in the
repressed state is bound to its DNA response element
and is associated with co-repressor proteins that
recruit histone de-acetylases (HDACs) (Jones, P.L. and
Y.B. Shi. Curr. Top. Microbiol. Immunol. 2003, 274,
237-268). In the presence of an agonist there is an
exchange of co-repressors with co-activators that in
turn recruit transcription factors that assemble into
an ATP dependent chromatinremodeling complex. Histones
are hyper-acetylated, causing the nucleosome to
unfold, and repression is alleviated. The AF-2 domain
acts as the ligand dependent molecular switch for the
exchange of co-regulatory proteins. In the presence of
an agonist the AF-2 domain undergoes a conformational
transition and presents a surface on the LBD for
interaction with co-activator proteins. In the absence
of an agonist or in the presence of an antagonist the
AF-2 domain presents a surface that promotes
interactions with co-repressor proteins. The
interaction surfaces on the LBD for both
co-activators, and co-repressors overlap and provide a
conserved molecular mechanism for gene activation or
repression that is shared by the members of this
family of transcription factors (Xu, H.E. et al.
Nature 2002, 4 15 (6873), 813-81 7). Natural ligands
that modulate the biological activity of nuclear
receptors have been identified for only approximately
one half of known nuclear receptors. Receptors for
which no natural ligand has been identified are termed
"orphan receptors." The discovery of ligands or
compounds that interact with an orphan receptor will
accelerate the understanding of the role of the
nuclear receptors in physiology and disease
andfacilitate the pursuit of new therapeutic
approaches. A sub-class of these receptors where no
natural ligand has been identified is for the estrogen
related receptors (ERRs). ERR-a (also known as ERR-1 )
, an orphan receptor, is the first of the three
identified members of the estrogen receptor related
subfamily of orphan nuclear receptors (ERR- a, b, g) .
The ERR subfamily is closely related to the estrogen
receptors (ER-a and ER-b) . ERR-a and ERR-b were first
isolated by a low stringency hybridization screen
(Giguere, V . et al. Nature 1988, 331 , 9 1-94)
followed later with the discovery of ERR-g (Hong, H.
et al. J. Biol. Chem. 1999, 274, 22618-22626). The
ERRs and ERs share sequence similarity with the
highest homology observed in their DBDs, approximately
60%, and all interact with the classical DNA estrogen
response element. Recent biochemical evidence
suggested that the ERRs and ERs share target genes,
including pS2, lactoferin, aromatase and osteopontin,
and share co-regulator proteins (Giguere, V. Trends in
Endocrinol. Metab. 2002, 13, 220-225; Vanacker, J.M.
et al. EMBO J. 1999, 18, 4270-4279; Kraus, R.J. et al.
J. Biol. Chem. 2002, 272, 24286-24834; Hong et al.,
1999; Zhang, Z. and CT. Teng. J. Biol. Chem. 2000,
275, 20387-20846). Therefore, one of the main
functions of ERR is to regulate the response of
estrogen responsive genes. The effect of the steroid
hormone estrogen is primarily mediated in the breast,
bone and endometrium. Thus, the identification of
compounds that will interact with ERRs should provide
a benefit for the treatment of bone related disease,
breast cancer and reproduction. ERR-a is shown to be
present both in normal and breast cancer tissue
(Ariazi, E.A. et al. Cancer Res. 2002, 62, 651 0-651
8). It has been reported that the main function of
ERR-a in normal breast tissue is that of a repressor
for estrogen responsive genes. In breast cancers or
cell lines that are non-estrogen responsive (ER-a
negative), ERR-a has been reported to be in an
activated state (Ariazi et al., 2002). Therefore,
compounds that will interact with ERR-a may be useful
agents for the treatment of breast cancer that is ER-a
negative and non-responsive to classical ant i
estrogenic therapy, or may be used as an adjunct agent
for anti-estrogen responsive breast cancers. These
agents may act as antagonists by reducing the
biological activity of ERR-a in these particular
tissues.Many post-menopausal women experience
osteoporosis, a condition that is a result of the
reduction of estrogen production. Reduction of
estrogen levels results in an increase of bone loss
(Turner, RT. et al. Endocrine Rev. 1994, 15(3),
275-300). An anabolic effect on bone development has
been observed on the administration of estrogens to
postmenopausal patients with osteoporosis (Pacifici,
R. J. Bone Miner. Res. 1996, 11(8), 1043-1 051 ) but
the molecular mechanism is unknown since ER-a and ER-b
knock-out animals have minor skeletal defects, where
the action of estrogens is typically mediated (Korach,
K. S. Science 1994, 266, 1524-1 527; Windahl, S.H. et
al. J. Clin. Invest. 1999, 104(7), 895-901 ) .
Expression of ERR-a in bone is regulated by estrogen
(Bonnelye, E. et al. MoI. Endochn. 1997, 11, 905-91 6;
Bonnelye, E. et al. J. Cell Biol. 2001 , 153, 971
-984). ERR-a is maintained throughout osteoblast
differentiation stages. Over-expression of ERR-a in
rat calvaria osteoblasts, an 



accepted model of bone differentiation, results in an
increase of bone nodule formation, while treatment of
rat calvaria osteoblasts with ERR-a antisense results
in a decrease of bone nodule formation. ERR-a also
regulates osteopontin, a protein believed to be
involved in bone matrix formation. Therefore compounds
that will modulate ERR-a by increasing its activity
can have an anabolic effect for the regeneration of
bone density and provide a benefit over current
approaches that prevent bone loss, but have no
anabolic effect. Such compounds can enhance the
activity of the receptor by two possible mechanisms:
i) enhancing the association of the receptor with
proteins that enhance its activity or improve the
stability of the receptor; and ii) increasing the
intracellular concentrations of the receptor and
consequently increasing its activity. Conversely, with
respect to bone diseases that are a result of abnormal
bone growth, compounds that will interact with ERR-a
and decrease its biological activity may provide a
benefit for the treatment of these diseases by
retarding bone growth. Antagonism of the association
of the receptor with co-activator proteins decreases
the activity of the receptor. ERR-a is also present in
cardiac, adipose, and muscle tissue and forms a
transcriptional active complex with the PGC-1
co-activator family, co-activators implicated with
energy homeostasis, mitochondria biogenesis, hepatic
gluconeogenesis and in the regulation of genes
involved in fatty acid beta-oxidation (Kamei, Y. et
al.Proc. Natl. Acad. Sci. USA 2003, 100(21 ) , 12378-1
2383). ERR-a regulates the expression of the medium
chain acyl-CoA dehydrogenase promoter (MCAD). Medium
chain acyl-CoA dehydrogenase is a gene involved in the
initial reaction in fatty acid beta-oxidation. It is
believed that in the adipose tissue ERR-a regulates
energy expenditure through the regulation of MCAD
(Sladek, R. et al. MoI. Cell. Biol. 1997, 17,
5400-5409; Vega, R.B. and DP. Kelly. J. Biol. Chem.
1997, 272, 3 1693-31 699). In antisense experiments in
rat calvaha osteoblasts, in addition to the inhibition
of bone nodule formation, there was an increase in
adipocyte differentiation markers including aP2 and
PPAR-g (Bonnelye, E. et al. Endocrinology 2002, 143,
3658-3670). Recently an ERR-a knockout model has been
described that exhibited reduced fat mass relative to
the wild type and DNA chip analysis data indicated
alteration of the expression levels of genes involved
in adipogenesis and energy metabolism (Luo, J. et al.
MoI. Cell. Biol. 2003, 23(22), 7947-7956). More
recently it has been shown that ERR-a regulates the
expression of endothelial nitric oxide synthase, a
gene that has a protective mechanism against
arteriosclerosis (Sumi, D. and L.J. Ignarro. Proc
Natl. Acad. Sci. 2003, 100, 14451 -14456). The
biochemical evidence supports the involvement of ERR-a
in metabolic homeostasis and differentiation of cells
into adipocytes. Therefore, compounds interacting with
ERR-a can affect energy homeostasis and may therefore
provide a benefit for the treatment of obesity and
metabolic syndrome related disease indications,
including arteriosclerosis and diabetes (Grundy, S.M.
et al. Circulation 2004, 109(3), 433-438). Lion
Bioscience AG has disclosed the use of certain
pyrazole derivatives as antagonists of ERR-a for
treating cancer, osteoporosis, obesity, lipid
disorders and cardiovascular disorders and for
regulating fertility (European Published Patent
Application 1398029). There is a continuing need for
new ERR-a inverse agonists. There is also a need for
ERR-a inverse agonists useful for the treatment of
conditions including but not limited to bone-related
disease, bone formation, breast cancer (including
those unresponsive to anti-estrogen therapy),
cartilage formation, cartilage injury, cartilage loss,
cartilage degeneration, cartilage injury, ankylosing
spondylitis, chronic back injury, gout, osteoporosis,
osteolytic bone metastasis, multiple myeloma,
chondrosarcoma,chondrodysplasia, osteogenesis
imperfecta, osteomalacia, Paget's disease, polymyalgia
rheumatica, pseudogout, arthritis, rheumatoid
arthritis, infectious arthritis, osteoarthritis,
psoriatic arthritis, reactive arthritis, childhood
arthritis, Reiter's syndrome, repetitive stress
injury, periodontal disease, chronic inflammatory
airway disease, chronic bronchitis, chronic
obstructive pulmonary disease, metabolic syndrome,
obesity, disorders of energy homeostasis, diabetes,
lipid disorders, cardiovascular disorders,
artherosclerosis, hyperglycemia, elevated blood
glucose level, and insulin resistance. SUMMARY OF THE
INVENTION In its many embodiments, the present
invention provides novel compounds useful as, for
example, ERR-a inverse agonists, methods of preparing
such compounds, pharmaceutical compositions comprising
one or more such compounds, methods of preparing
pharmaceutical compositions comprising one or more
such compounds, and methods of treatment, prevention,
inhibition or amelioration of one or more diseases
associated with ERR-a using such compounds or
pharmaceutical compositions. One aspect of the present
invention features a compound of Formula (I) (I)
wherein Ri is halo, optionally substituted Ci-4alkyl,
optionally substituted Ci-4alkoxy, or hydroxyl; R2 is
selected from halo substituted Ci-3alkyl, cyano, halo,
-C(O)NH 2, and -C(O)O- Ci-4alkyl, or alternatively R2
is linked together to R3 to form an aryl fused to the
phenyl ring to which R2 and R3 are shown attached;R3
is H, or alternatively R3 is linked together to R2 to
form an aryl fused to the phenyl ring to which R3 and
R2 are shown attached; R4 is halo, cyano, - CCH, halo
substituted Ci-3alkyl, -C(O)O-Ci -4alkyl, -C(O)NH 2,
or -S(O 2)-Ci -4alkyl; and X is S or O; or an optical
isomer, enantiomer, diastereomer, cis-trans isomer,
racemate, prodrug or pharmaceutically acceptable salt
thereof. Another aspect of the present invention
features a pharmaceutical composition comprising at
least one compound of Formula (I) and at least one
pharmaceutically acceptable carrier. The present
invention also features a method of treating a subject
suffering from or diagnosed with a disease, disorder,
or condition mediated by ERR-a activity, comprising
administering to the subject a therapeutically
effective amount of at least one compound of Formula
(I). Such disease, disorder, or condition can include
bonerelated disease, bone formation, breast cancer
(including those unresponsive to antiestrogen
therapy), cartilage formation, cartilage injury,
cartilage loss, cartilage degeneration, cartilage
injury, ankylosing spondylitis, chronic back injury,
gout, osteoporosis, osteolytic bone metastasis,
multiple myeloma, chondrosarcoma, chondrodysplasia,
osteogenesis imperfecta, osteomalacia, Paget's
disease, polymyalgia rheumatica, pseudogout,
arthritis, rheumatoid arthritis, infectious arthritis,
osteoarthritis, psoriatic arthritis, reactive
arthritis, childhood arthritis, Reiter's syndrome,
repetitive stress injury, periodontal disease, chronic
inflammatory airway disease, chronic bronchitis,
chronic obstructive pulmonary disease, metabolic
syndrome, obesity, disorders of energy homeostasis,
diabetes, lipid disorders, cardiovascular disorders,
artherosclerosis, hyperglycemia, elevated blood
glucose level, and insulin resistance. The
therapeutically effective amount of the compound of
Formula (I) can be from about 0.1 mg/day to about 5000
mg/day for an average human. 



The present invention further features a process for
making a pharmaceutical composition comprising
admixing any of the compounds according to Formula (I)
and a pharmaceutically acceptable carrier.Additional
embodiments and advantages of the invention will
become apparent from the detailed discussion, schemes,
examples, and claims below. BRIEF DESCRIPTION OF THE
DRAWINGS The foregoing and other features and
advantages of the invention will be apparent from the
following, more particular description of preferred
embodiments of the invention, as illustrated in the
accompanying drawings. Figure 1 illustrates the
effects of Compound 1 (Example 1) on weight and food
intake. Figure 2 illustrates the effect of Compound 1
on glucose excursion in an OGTT in male C57/BL6 mice
after 14 days of treatment Figure 3 illustrates the
effect of Compound 1 on fed triglyceride and FFA
levels in ZDF rats. Figure 4 illustrates the effect of
compound 1 on circulating glucose levels during an ITT
at 11 days post dosing in male ZDF rat diabetic model.
The panel on the left shows reduction of glucose
levels upon intraperitoneal delivery of insulin is
seen for all compound 1 treatment groups normalizing
glucose levels at the 30 minute time point. The panel
on the right shows reduction of AUC of glucose during
the ITT at the 0-60 and 0-1 20 minute time points.
Figure 5 illustrates the reduction in fasted glucose
levels upon treatment of Compound 1 in ZDF rats. The
panel on the left panel shows four-hour fasting
glucose at day eleven of treatment. The panel on the
right shows 16-hour fasting glucose at day 20 of
treatment. Figure 6 illustrates the effect of Compound
1 in glucose excursion in an OGTT in male ZDF rats.
The panel at the left shows the blood glucose levels
at various time points relative to glucose injection.
The panel at the right shows the AUC of glucose from
0-1 20 minutes from the OGTT. Figure 7 illustrates the
effect of Compound 1 on insulin release during an OGTT
in male ZDF rats. The panel on the left shows blood
insulin levels at various time points. The panel on
the right shows AUC of insulin from 0-1 20 minutes
from theOGTT. Figure 8 illustrates the effect of
compound 1 on glycemic control in male ZDF rats. The
panel on the left shows the fed glucose levels
throughout the first three weeks of the study. The
panel on the right shows the glycosylated hemoglobin
concentration after 26 days treatment. Figure 9
illustrates the effect of Compound 1 on insulin levels
in the ZDF rat model. The panel on the left shows the
fed plasma insulin levels. The panel on the right
shows total pancreatic insulin content. Figure 10
illustrates the effect of compound 1 on circulating
glucose levels during an ITT at 11 days post dosing in
male ZDF rat diabetic model. The panel on the left
shows reduction of glucose levels upon intraperitoneal
delivery of insulin is seen for all compound 1
treatment groups normalizing glucose levels at the 30
minute time point. The panel on the right shows
reduction of AUC of glucose during the ITT at the 0-60
and 0-1 20 minute time point. Figure 11 illustrates
the reduction in fasted glucose levels upon treatment
of compound 1 in ZDF rats. The panel on the left shows
four hour fasting glucose at day sixteen of treatment.
The panel on the right shows 16 hour fasting glucose
at day 22 of treatment. Figure 12 illustrates the
effect of compound 1 in glucose excursion in an OGTT
in male ZDF rats. The panel on the left shows the
blood glucose levels at various time points and the
panel on the right shows the AUC of glucose from 0-1
60 minutes from the OGTT. Figure 13 illustrates the
effect of compound 1 on glycemic control in male ZDF
rats. The chart shows fed glucose levels throughout
the first three weeks of the study. Figure 14
illustrates the effect of compound 1 on insulin levels
in the ZDF rat model. The chart shows total pancreatic
insulin content in treated ZDF animals. DETAILED
DESCRIPTION OF THE INVENTION This invention relates to
novel ERR-a modulators and compositions thereof for
treatment, amelioration, prevention or inhibition of
numerous conditions including but not limited to
cancer, arthritis, inflammatory airway disease,
bone-related diseases,metabolic disorders, and
associated symptoms or complications thereof. One
aspect of the present invention features a compound of
Formula (I) (I) wherein Ri is halo, optionally
substituted Ci-4alkyl, optionally substituted
Ci-4alkoxy, or hydroxyl; R2 is selected from halo
substituted Ci-3alkyl, cyano, halo, -C(O)NH 2, and
-C(O)O- Ci-4alkyl, alternatively R2 is linked together
to R3 to form an aryl fused to the phenyl ring to
which R2 and R are shown attached; R3 is H, or
alternatively R3 is linked together to R2 to form an
aryl fused to the phenyl ring to which R3 and R2 are
shown attached; R4 is halo, cyano, - CCH, halo
substituted Ci-3alkyl, -C(O)O-Ci -4alkyl, -C(O)NH 2,
or -S(O 2)-Ci -4alkyl; and X is S or O; or an optical
isomer, enantiomer, diastereomer, cis-trans isomer,
racemate, prodrug or pharmaceutically acceptable salt
thereof. In particular, the present invention includes
a cis-trans isomer of the compound of Formula (I),
which has the following structure:Particularly, R1 is
OH, Ci-3alkyl, Ci -2alkoxy, F, Cl, or Br. More
particularly, R1 is -O-CH3 Or -O-CH 2CH3. In one
embodiment, R1 is -0-CH 3 Particularly, R2 is CF3,
-C(O)NH 2, CN, -C(O)O-CH 3, Cl, or Br. Particularly,
R3 is H. Particularly, R2 is linked together to R3 to
form a phenyl fused to the phenyl ring to which R2 and
R3 are shown attached. Particularly, R2 is CF3 and R3
is H, or alternatively R2 is linked together to R3 to
form a phenyl fused to the phenyl ring to which R2 and
R3 are shown attached. Particularly, R4 is Br, cyano,
CF3, - CCH, -C(O)O-CH 3, -C(O)NH 2, or -S(O 2)-CH 3.
More particularly, R4 is cyano, -C(O)O-CH 3, Or
-C(O)NH 2. Particularly, X is S. Particularly, the
present invention includes a compound of Formula (I)
wherein R1 is OH, C1-3alkyl, C1-2alkoxy, F, Cl, or Br;
R2 is CF3, -C(O)NH 2, CN, -C(O)O-CH 3, Cl, or Br; or
alternatively R2 is linked together to R3 to form a
phenyl fused to the phenyl ring to which R2 and R3are
shown attached; R3 is H, or alternatively R3 is linked
together to R2 to form a phneyl fused to the phenyl
ring to which R3 and R2 are shown attached; R4 is Br,
cyano, CF3, - CCH, -C(O)O-CH 3, -C(O)NH 2, or -S(O
2)-CH 3; and X is S; or an optical isomer, enantiomer,
diastereomer, racemate, cis-tmns isomer, prodrug or
pharmaceutically acceptable salt thereof. More
particularly, an example of the present invention
includes compounds of 



Formula (I) wherein Ri is Ci -2alkoxy; R2 is CF3, or
alternatively R2 is linked together to R3 to form a
phenyl fused to the phenyl ring to which R2 and R3 are
shown attached; R3 is H, or alternatively R3 is linked
together to R2 to form a phenyl fused to the phenyl
ring to which R3 and R2 are shown attached; R4 is
cyano, - CCH, -C(O)O-CH 3, -C(O)NH 2, or -S(O 2)-CH 3;
and X is S. In one embodiment of the present
invention, there is a compound of Formula (I) wherein
Ri is -O-CH 3; R2 is CF3; R3 is H; R4 is cyano; and X
is S. It is an embodiment of the present invention to
provide a compound selected from:SUBSTITUTED PHENOXY
N-ALKYLATEDTHIAZOLIDINEDIONES AS ESTROGEN RELATED
RECEPTOR-ALPHA MODULATORS FIELD OF THE INVENTION The
present invention relates to certain novel compounds,
methods for preparing compounds, compositions,
intermediate$ and derivatives thereof and for treating
conditions such as cancer, arthritis, inflammatory
airway disease, and metabolic disorders. More
particularly, the compounds of the present invention
are Estrogen Related Receptor alpha (ERR-a) modulators
useful for treating, ameliorating or inhibiting the
onset of disease states, disorders, and conditions
mediated by ERR-a activity. BACKGROUND QF THE
INVENTION Nuclear receptors are members of a
superfamity of transcription factors. The members of
this family share structural similarities and regulate
a diverse set of biological effects (Olefsky, J. M. J.
Biol. Chem. 2001 , 276(40), 36863-36864). Ligands
activate or repress these transcription factors that
control genes involved in metabolism, differentiation
and reproduction (Laudet, V. and H. Gronmeyer. The
Nuclear Receptor Factbooks. 2002, San Diego: Academic
Press). Presently, the human genome project has
identified about 43 members for this family and
cognate ligands have been identified for about 28 of
them (Giguere, V. Endocrine Rev. 1999, 20(5),
689-725). This protein family is composed of modular
structural domains that can be interchanged within the
members of the family without loss of function. A
typical nuclear receptor contains a hypervariable
N-terminus, a conserved DNA binding domain (DBD), a
hinge region, and a conserved ligand-bindi pg domain
(LBD). The function of the DBD is targeting of the
receptor to specific DNA sequences (NHR response
elements or NREs), and the function of the LBD is
recognition of its cognate ligand. Within the sequence
of the nuclear receptor there are regions involved in
transcriptional activation. The AF-I domain is
situated at the N-terminus and constitutively
activates transcription (Rochette-Egly, C. et al. Cell
SUBSTITUTE SHEET [RULE 261997, 90, 97-1 07;
Rochette-Egly, C. et al. MoI. Endocrinol. 1992, 6, 2
197-2209), while the AF-2 domain is embedded within
the LBD and its transcriptional activation is ligand
dependent (Wurtz, J.M. et al. Nat. Struct. Biol. 1996,
3, 87-94). Nuclear receptors can exist as monomers,
homodimers or heterodimers and bind to direct or
inverted nucleotide repeats (Laudet and Gronmeyer,
2002; Aranda, A. and A. Pascual. Physiol. Rev. 2001 ,
8 1(3), 1269-1 304). The members of this family exist
either in an activated or repressed basal biological
state. The basic mechanism of gene activation involves
ligand dependent exchange of co-regulatory proteins.
These co-regulatory proteins are referred to as
co-activators or co-repressors (McKenna, L.J. et al.
Endocrine Rev. 1999, 20, 321- 344). A nuclear receptor
in the repressed state is bound to its DNA response
element and is associated with co-repressor proteins
that recruit histone deacetylases (HDACs) (Jones, P.L.
and Y.B. Shi. Curr. Top. Microbiol. Immunol. 2003,
274, 237-268). In the presence of an agonist there is
an exchange of co-repressors with co-activators that
in turn recruit transcription factors that assemble
into an ATP dependent chromatin-remodeling complex.
Histones are hyper-acetylated, causing the nucleosome
to unfold, and repression is alleviated. The AF-2
domain acts as the ligand dependent molecular switch
for the exchange of co-regulatory proteins. In the
presence of an agonist the AF-2 domain undergoes a
conformational transition and presents a surface on
the LBD for interaction with co-activator proteins. In
the absence of an agonist or in the presence of an
antagonist the AF-2 domain presents a surface that
promotes interactions with co-repressor proteins. The
interaction surfaces on the LBD for both
co-activators, and co-repressors overlap and provide a
conserved molecular mechanism for gene activation or
repression that is shared by the members of this
family of transcription factors (Xu, H.E. et al.
Nature 2002, 4 15 (6873), 8 13-81 7). Natural ligands
that modulate the biological activity of nuclear
receptors have been identified for only approximately
one half of known nuclear receptors. Receptors for
which no natural ligand has been identified are termed
"orphan receptors." The discovery of ligands or
compounds that interact with an orphan receptor will
accelerate the understanding of the role of the
nuclear receptors inphysiology and disease and
facilitate the pursuit of new therapeutic approaches.
A sub-class of these receptors where no natural ligand
has been identified is for the estrogen related
receptors (ERRs). ERR-a (also known as ERR-1 ) , an
orphan receptor, is the first of the three identified
members of the estrogen receptor related subfamily of
orphan nuclear receptors (ERR-a, b, g) . The ERR
subfamily is closely related to the estrogen receptors
(ER-a and ER-b) . ERR-a and ERR-b were first isolated
by a low stringency hybridization screen (Giguere, V.
et al. Nature 1988, 331 , 9 1-94) followed later with
the discovery of ERR-g (Hong, H. et al. J. Biol. Chem.
1999, 274, 2261 8- 22626). The ERRs and ERs share
sequence similarity with the highest homology observed
in their DBDs, approximately 60%, and all interact
with the classical DNA estrogen response element.
Recent biochemical evidence suggested that the ERRs
and ERs share target genes, including pS2, lactofehn,
aromatase and osteopontin, and share co-regulator
proteins (Giguere, V. Trends in Endocrinol. Metab.
2002, 13, 220-225; Vanacker, J.M. et al. EMBO J. 1999,
18, 4270-4279; Kraus, R.J. et al. J. Biol. Chem. 2002,
272, 24286-24834; Hong et al., 1999; Zhang, Z. and CT.
Teng. J. Biol. Chem. 2000, 275, 20387-20846).
Therefore, one of the main functions of ERR is to
regulate the response of estrogen responsive genes.
The effect of the steroid hormone estrogen is
primarily mediated in the breast, bone and
endometrium. Thus, the identification of compounds
that will interact with ERRs should provide a benefit
for the treatment of bone related disease, breast
cancer and reproduction. ERR-a is shown to be present
both in normal and breast cancer tissue (Ariazi, E.A.
et al. Cancer Res. 2002, 62, 651 0-651 8). It has been
reported that the main 



function of ERR-a in normal breast tissue is that of a
repressor for estrogen responsive genes. In breast
cancers or cell lines that are non-estrogen responsive
(ER-a negative), ERR-a has been reported to be in an
activated state (Ariazi et al., 2002). Therefore,
compounds that will interact with ERR-a may be useful
agents for the treatment of breast cancer that is ER-a
negative and non-responsive to classical
anti-estrogenic therapy, or may be used as an adjunct
agent for anti-estrogen responsive breast cancers.
These agents may act as antagonists by reducing
thebiological activity of ERR-a in these particular
tissues. Many post-menopausal women experience
osteoporosis, a condition that is a result of the
reduction of estrogen production. Reduction of
estrogen levels results in an increase of bone loss
(Turner, RT. et al. Endocrine Rev. 1994, 15(3),
275-300). An anabolic effect on bone development has
been observed on the administration of estrogens to
postmenopausal patients with osteoporosis (Pacifici,
R. J. Bone Miner. Res. 1996, 11(8), 1043-1 051 ) but
the molecular mechanism is unknown since ER-a and ER-b
knock-out animals have minor skeletal defects, where
the action of estrogens is typically mediated (Korach,
K. S. Science 1994, 266, 1524-1 527; Windahl, S.H. et
al. J. Clin. Invest. 1999, 104(7), 895-901 ) .
Expression of ERR-a in bone is regulated by estrogen
(Bonnelye, E. et al. MoI. Endochn. 1997, 11, 905-91 6;
Bonnelye, E. et al. J. Cell Biol. 2001 , 153,
971-984). ERR-a is maintained throughout osteoblast
differentiation stages. Over-expression of ERR-a in
rat calvaha osteoblasts, an accepted model of bone
differentiation, results in an increase of bone nodule
formation, while treatment of rat calvaha osteoblasts
with ERR-a antisense results in a decrease of bone
nodule formation. ERR-a also regulates osteopontin, a
protein believed to be involved in bone matrix
formation. Therefore compounds that will modulate
ERR-a by increasing its activity can have an anabolic
effect for the regeneration of bone density and
provide a benefit over current approaches that prevent
bone loss, but have no anabolic effect. Such compounds
can enhance the activity of the receptor by two
possible mechanisms: i) enhancing the association of
the receptor with proteins that enhance its activity
or improve the stability of the receptor; and ii)
increasing the intracellular concentrations of the
receptor and consequently increasing its activity.
Conversely, with respect to bone diseases that are a
result of abnormal bone growth, compounds that will
interact with ERR-a and decrease its biological
activity may provide a benefit for the treatment of
these diseases by retarding bone growth. Antagonism of
the association of the receptor with co-activator
proteins decreases the activity of the receptor. ERR-a
is also present in cardiac, adipose, and muscle tissue
and forms a transcriptional active complex with the
PGC-1 co-activator family, co-activatorsimplicated
with energy homeostasis, mitochondria biogenesis,
hepatic gluconeogenesis and in the regulation of genes
involved in fatty acid beta-oxidation (Kamei, Y. et
al. Proc. Natl. Acad. Sci. USA 2003, 100(21 ) ,
12378-1 2383). ERR-a regulates the expression of the
medium chain acyl-CoA dehydrogenase promoter (MCAD).
Medium chain acyl-CoA dehydrogenase is a gene involved
in the initial reaction in fatty acid beta-oxidation.
It is believed that in the adipose tissue ERR-a
regulates energy expenditure through the regulation of
MCAD (Sladek, R. et al. MoI. Cell. Biol. 1997, 17,
5400-5409; Vega, R.B. and DP. Kelly. J. Biol. Chem.
1997, 272, 3 1693-31699). In antisense experiments in
rat calvaha osteoblasts, in addition to the inhibition
of bone nodule formation, there was an increase in
adipocyte differentiation markers including aP2 and
PPAR-g (Bonnelye, E. et al. Endocrinology 2002, 143,
3658-3670). Recently an ERR-a knockout model has been
described that exhibited reduced fat mass relative to
the wild type and DNA chip analysis data indicated
alteration of the expression levels of genes involved
in adipogenesis and energy metabolism (Luo, J. et al.
MoI. Cell. Biol. 2003, 23(22), 7947-7956). More
recently it has been shown that ERR-a regulates the
expression of endothelial nitric oxide synthase, a
gene that has a protective mechanism against
arteriosclerosis (Sumi, D. and L.J. Ignarro. Proc
Natl. Acad. Sci. 2003, 100, 14451 -14456). The
biochemical evidence supports the involvement of ERR-a
in metabolic homeostasis and differentiation of cells
into adipocytes. Therefore, compounds interacting with
ERR-a can affect energy homeostasis and may therefore
provide a benefit for the treatment of obesity and
metabolic syndrome related disease indications,
including arteriosclerosis and diabetes (Grundy, S.M.
et al. Circulation 2004, 109(3), 433- 438). Lion
Bioscience AG has disclosed the use of certain
pyrazole derivatives as antagonists of ERR-a for
treating cancer, osteoporosis, obesity, lipid
disorders and cardiovascular disorders and for
regulating fertility (European Published Patent
Application 1398029). There is a continuing need for
new ERR-a inverse agonists. There is also a need for
ERR-a inverse agonists useful for the treatment of
conditions including but not limited to ankylosing
spondylitis, artherosclerosis, arthritis (such as
rheumatoidarthritis, infectious arthritis, childhood
arthritis, psoriatic arthritis, reactive arthritis),
bone-related diseases (including those related to bone
formation), breast cancer (including those
unresponsive to anti-estrogen therapy), cardiovascular
disorders, cartilage-related disease (such as
cartilage injury/loss, cartilage degeneration, and
those related to cartilage formation),
chondrodysplasia, chondrosarcoma, chronic back injury,
chronic bronchitis, chronic inflammatory airway
disease, chronic obstructive pulmonary disease,
diabetes, disorders of energy homeostasis, gout,
pseudogout, lipid disorders, metabolic syndrome,
multiple myeloma, obesity, osteoarthritis,
osteogenesis imperfecta, osteolytic bone metastasis,
osteomalacia, osteoporosis, Paget's disease,
periodontal disease, polymyalgia rheumatica, Reiter's
syndrome, repetitive stress injury, hyperglycemia,
elevated blood glucose level, and insulin resistance.
SUMMARY OF THE INVENTION In its many embodiments, the
present invention provides novel compounds useful as,
for example, ERR-a inverse agonists, methods of
preparing such compounds, pharmaceutical compositions
comprising one or more such compounds, methods of
preparing pharmaceutical compositions comprising one
or more such compounds, and methods of treatment,
prevention, inhibition or amelioration of one or more
diseases associated with ERR-a using such compounds or
pharmaceutical compositions. One aspect of the present
invention features a compound of Formula (I) (I)
wherein X is S or O;n is 1-4 Ri is halo, optionally
substituted Ci-4alkyl, optionally substituted
Ci-4alkoxy, or hydroxyl; R2 is selected from halo
substituted Ci-salkyl, cyano, halo, -C(O)NH 2, and
-C(O)O-Ci -4alkyl, or alternatively R2 is linked
together to R3 to form an aryl fused to the phenyl
ring to which R2 and R3 are shown attached; R3 is H,
or alternatively R3 is linked together to R2 to form
an aryl ring fused to the phenyl ring to which R3 and
R2 are shown attached; R4 is halo, cyano, halo
substituted Ci -3alkyl, - CCH, -C(O)O-Ci -4alkyl, 



-C(O)NH 2, or -S(O 2)-Ci -4alkyl; and R5 and R6 are
independently H or optionally substituted Ci-4alkyl,
or alternatively R5 and R are linked together with the
N atom to which they are attached to form an
optionally substituted 5-9 membered N-containing
heteroaryl or optionally substituted 5-7 membered
N-containing heterocyclyl; or an optical isomer,
enantiomer, diastereomer, cis-trans isomer, racemate,
prodrug or pharmaceutically acceptable salt thereof.
Another aspect of the present invention features a
pharmaceutical composition comprising at least one
compound of Formula (I) and at least one
pharmaceutically acceptable carrier. The present
invention also features a method of treating a subject
suffering from or diagnosed with a disease, disorder,
or condition mediated by ERR-a activity, comprising
administering to the subject a therapeutically
effective amount of at least one compound of Formula
(I). Such disease, disorder, or condition can include,
but is not limited to ankylosing spondylitis,
artherosclerosis, arthritis (such as rheumatoid
arthritis, infectious arthritis, childhood arthritis,
psoriatic arthritis, reactive arthritis), bone-related
diseases (including those related to bone formation),
breast cancer (including those unresponsive to
anti-estrogen therapy), cardiovascular disorders,
cartilage-related disease (such as cartilage
injury/loss, cartilage degeneration, and those related
to cartilage formation), chondrodysplasia,
chondrosarcoma, chronic back injury, chronic
bronchitis, chronic inflammatory airway disease,
chronic obstructive pulmonary disease, diabetes,
disorders of energy homeostasis, gout,pseudogout,
lipid disorders, metabolic syndrome, multiple myeloma,
obesity, osteoarthritis, osteogenesis imperfecta,
osteolytic bone metastasis, osteomalacia,
osteoporosis, Paget's disease, periodontal disease,
polymyalgia rheumatica, Reiter's syndrome, repetitive
stress injury, hyperglycemia, elevated blood glucose
level, and insulin resistance. The therapeutically
effective amount of the compound of Formula (I) can be
from about 0.1 mg/day to about 5000 mg/day. The
present invention further features a process for
making a pharmaceutical composition comprising
admixing any of the compounds according to Formula (I)
and a pharmaceutically acceptable carrier. Additional
embodiments and advantages of the invention will
become apparent from the detailed discussion, schemes,
examples, and claims below. DETAILED DESCRIPTION OF
THE INVENTION This invention relates to novel ERR-a
modulators and compositions thereof for the treatment,
amelioration, prevention or inhibition of numerous
conditions, including but not limited to cancer,
arthritis, inflammatory airway disease, bonerelated
diseases, metabolic disorders, and associated symptoms
or complications thereof. One aspect of the present
invention features a compound of Formula (I) (I)
wherein X is S or O;n is 1-4 Ri is halo, optionally
substituted Ci-4alkyl, optionally substituted
Ci-4alkoxy, or hydroxyl; R2 is selected from halo
substituted Ci-salkyl, cyano, halo, -C(O)NH 2, and
-C(O)O-Ci -4alkyl, or alternatively R2 is linked
together to R3 to form an aryl fused to the phenyl
ring to which R2 and R3 are shown attached; R3 is H,
or alternatively R3 is linked together to R2 to form
an aryl ring fused to the phenyl ring to which R3 and
R2 are shown attached; R4 is halo, cyano, halo
substituted Ci -3alkyl, - CCH, -C(O)O-Ci -4alkyl,
-C(O)NH 2, or -S(O 2)-Ci -4alkyl; and R5 and R6 are
independently H or optionally substituted Ci-4alkyl,
or alternatively R5 and R are linked together with the
N atom to which they are attached to form an
optionally substituted 5-9 membered N-containing
heteroaryl or optionally substituted 5-7 membered
N-containing heterocyclyl; or an optical isomer,
enantiomer, diastereomer, cis-trans isomer, racemate,
prodrug or pharmaceutically acceptable salt thereof.
In particular, the present invention includes a
cis-trans isomer of the compound of Formula (I), which
has the following structure, wherein X, n, Ri, R2, R3,
R4, R5, and R6 are as described above: Particularly,
Ri is unsubstituted Ci-4alkoxy. More particularly, Ri
is -O-CH3.Particularly, R2 is CF3. Particularly, R3 is
H. Particularly, R2 is linked together to R3 to form
an aryl fused to the phenyl ring to which R2 and R3
are shown attached. More particularly, R2 is linked
together to R3 to form a phenyl fused to the phenyl
ring to which R2 and R3 are shown attached.
Particularly, R2 is CF3 and R3 is H. Particularly, R4
is cyano. More particularly, R4 is cyano and R2 is
CF3. Particularly, X is S. Particularly, the present
invention includes a compound of Formula (I) wherein
Ri is -0-CH 3; R2 is CF3; R3 is H; R4 is CN; X is S;
R5 and R are independently Ci-4alkyl, or alternatively
R5 and R are linked together with the N atom to which
they are attached to form an optionally \ =\ N : L N-
- L N- - ( ,N-{- -N substituted member selected from ,
, N N or an optical isomer, enantiomer, diastereomer,
racemate, cis-trans isomer, prodrug or
pharmaceutically acceptable salt thereof. More
particularly, an example of the present invention
includes compounds of Formula (I) wherein R5 and R are
-CH 3, or alternatively R5 and R are linked together
with the N atom to which they are attached to form
anially substituted member selected from , It is an
embodiment of the present invention to provide a
compound selected from:
4-{2-Methoxy-4-[3-(2-morpholin-4-yl-ethyl)-2,4-dioxo-t
hiazolidin-5-
ylidenemethyl]-phenoxy}-3-trifluoromethyl-benzonitrile
;
4-{4-[3-(2-Dimethylamino-ethyl)-2,4-dioxo-thiazolidin-
5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pyrrolidin-1-yl-ethyl)-thiazolidi
n-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-(2-Methoxy-4-{3-[2-(4-methyl-piperazin-1
-yl)-ethyl]-2,4-dioxo-thiazolidin-5-
ylidenemethyl}-phenoxy)-3-thfluoromethyl-benzonitrile;
4-{4-[3-(2-Dimethylamino-ethyl)-2,4-dioxo-thiazolidin-
5-ylidenemethyl]-2-
fluoro-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{2-Fluoro-4-[3-(2-morpholin-4-yl-ethyl)-2,4-dioxo-th
iazolidin-5-
ylidenemethyl]-phenoxy}-3-trifluoromethyl-benzonitrile
;
4-{4-[3-(2-Diethylamino-ethyl)-2,4-dioxo-thiazolidin-5
-ylidenemethyl]-2- 



methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[3-(2-lmidazol-1
-yl-ethyl)-2,4-dioxo-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pipehdin-1
-yl-ethyl)-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pyrazol-1
-yl-ethyl)-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-[1
,2,4]thazol-1-yl-ethyl)-thiazolidin-5-ylidenemethyl]-2
- methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[3-(2-Azepan-1
-yl-ethyl)-2,4-dioxo-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pyrrol-1
-yl-ethyl)-thiazolidin-5-ylidenemethyl]-2-methoxy-phen
oxy}-3-trifluoromethyl-benzonitrile; and
4-{4-[2,4-Dioxo-3-(2-pyrrolidin-1-yl-ethyl)-thiazolidi
n-5-ylidenennethyl]-2-
fluoro-phenoxy}-3-trifluoromethyl-benzonitrile. More
particularly, the compound is More particularly, the
compound is More particularly, the compound is More
particularly, the compound is Another aspect of the
present invention features a pharmaceutical
composition comprising at least one compound of
Formula (I) and at least one pharmaceutically
acceptable carrier. Particularly, a pharmaceutical
composition of the present invention can further
comprise at least one additional agent, drug,
medicament, antibody and/or inhibitor for treating,
ameliorating or preventing an ERR-a mediated disease.
More particularly, a pharmaceutical composition of the
present invention comprises a compound selected from:
4-{2-Methoxy-4-[3-(2-morpholin-4-yl-ethyl)-2,4-dioxo-t
hiazolidin-5-
ylidenemethyl]-phenoxy}-3-trifluoromethyl-benzonitrile
;
4-{4-[3-(2-Dimethylamino-ethyl)-2,4-dioxo-thiazolidin-
5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pyrrolidin-1-yl-ethyl)-thiazolidi
n-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile; and
4-(2-Methoxy-4-{3-[2-(4-methyl-piperazin-1
-yl)-ethyl]-2,4-dioxo-thiazolidin-5-ylidenemethyl}-phe
noxy)-3-trifluoronnethyl-benzonitrile;
4-{4-[3-(2-Dimethylamino-ethyl)-2,4-dioxo-thiazolidin-
5-ylidenennethyl]-2-
fluoro-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{2-Fluoro-4-[3-(2-morpholin-4-yl-ethyl)-2,4-dioxo-th
iazolidin-5-
ylidenemethyl]-phenoxy}-3-trifluoronnethyl-benzonitril
e;
4-{4-[3-(2-Diethylamino-ethyl)-2,4-dioxo-thiazolidin-5
-ylidenennethyl]-2-
methoxy-phenoxy}-3-trifluoronnethyl-benzonitrile;
4-{4-[3-(2-lmidazol-1
-yl-ethyl)-2,4-dioxo-thiazolidin-5-ylidenennethyl]-2-
methoxy-phenoxy}-3-trifluoronnethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-piperidin-1
-yl-ethyl)-thiazolidin-5-ylidenennethyl]-2-
methoxy-phenoxy}-3-trifluoronnethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pyrazol-1
-yl-ethyl)-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoromethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-[1
,2,4]triazol-1-yl-ethyl)-thiazolidin-5-ylidenemethyl]-
2- methoxy-phenoxy}-3-trifluoronnethyl-benzonitrile;
4-{4-[3-(2-Azepan-1
-yl-ethyl)-2,4-dioxo-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoronnethyl-benzonitrile;
4-{4-[2,4-Dioxo-3-(2-pyrrol-1
-yl-ethyl)-thiazolidin-5-ylidenemethyl]-2-
methoxy-phenoxy}-3-trifluoronnethyl-benzonitrile; and
4-{4-[2,4-Dioxo-3-(2-pyrrolidin-1-yl-ethyl)-thiazolidi
n-5-ylidenemethyl]-2-
fluoro-phenoxy}-3-trifluoronnethyl-benzonitrile. More
particularly, a pharmaceutical composition of the
present invention comprises at least The present
invention also features a method of treating a subject
suffering from or diagnosed with a disease, disorder,
or condition mediated by ERR-a activity, comprising
administering to the subject a therapeutically
effective amount of at least one compound of Formula
(I).The present invention also features a method for
preventing or inhibiting the progression of an
ERR-a-mediated condition in a subject in need thereof,
comprising administering to said subject a
therapeutically effective amount of at least one
compound of Formula (I). The present invention also
features a method for treating a prediabetic condition
in a subject in need thereof, comprising administering
to said subject a therapeutically effective amount of
at least one compound of Formula (I). Such disease,
disorder, or condition can include, but is not limited
to ankylosing spondylitis, artherosclerosis, arthritis
(such as rheumatoid arthritis, infectious arthritis,
childhood arthritis, psoriatic arthritis, reactive
arthritis), bonerelated diseases (including those
related to bone formation), breast cancer (including
those unresponsive to anti-estrogen therapy),
cardiovascular disorders, cartilagerelated disease
(such as cartilage injury/loss, cartilage
degeneration, and those related to cartilage
formation), chondrodysplasia, chondrosarcoma, chronic
back injury, chronic bronchitis, chronic inflammatory
airway disease, chronic obstructive pulmonary disease,
diabetes, disorders of energy homeostasis, gout,
pseudogout, lipid disorders, metabolic syndrome,
multiple myeloma, obesity, osteoarthritis,
osteogenesis imperfecta, osteolytic bone metastasis,
osteomalacia, osteoporosis, Paget's disease,
periodontal disease, polymyalgia rheumatica, Reiter's
syndrome, repetitive stress injury, hyperglycemia,
elevated blood glucose level, and insulin resistance.
According to one aspect of the invention, the
disclosed compounds and compositions are useful for
the amelioration of symptoms associated with, the
treatment of, and the prevention or inhibiting the
progression of, the following conditions and diseases:
bone-related disease, bone formation, cartilage
formation, cartilage loss, cartilage degeneration,
cartilage injury, ankylosing spondylitis, chronic back
injury, gout, osteoporosis, osteolytic bone
metastasis, multiple myeloma, chondrosarcoma,
chondrodysplasia, osteogenesis imperfecta,
osteomalacia, Paget's disease, polymyalgia rheumatica,
pseudogout, arthritis, rheumatoid arthritis,
infectious arthritis, osteoarthritis, psoriatic
arthritis, reactive arthritis, childhoodarthritis,
Reiter's syndrome, and repetitive stress injury.
According to another aspect of the invention, the
disclosed compounds and compositions are useful for
the amelioration of symptoms associated with, the
treatment of, and preventing and/or inhibiting the
progression of, the following conditions and diseases:
periodontal disease, chronic inflammatory airway
disease, chronic bronchitis, and chronic obstructive
pulmonary disease. According to a further aspect of
the invention, the disclosed compounds and
compositions are useful for the amelioration of
symptoms associated with, the treatment of, and
preventing and/or inhibiting the progression of breast
cancer. According to yet another aspect of the
invention, the disclosed compounds and compositions
are useful for the amelioration of symptoms associated
with, the treatment of, and preventing and/or
inhibiting the progression of, the following 



conditions and diseases: metabolic syndrome, obesity,
disorders of energy homeostasis, diabetes, lipid
disorders, cardiovascular disorders, artherosclerosis,
hyperglycemia, elevated blood glucose level, and
insulin resistance. Particularly, a method of the
present invention comprises administering to the
subject a therapeutically effective amount of (a) at
least one compound of Formula (I); and (b) at least
one additional agent selected from a second ERR-a
inverse agonist, an ERR-a antagonist, a glucokinase
modulator, an anti-diabetic agent, an anti-obesity
agent, a lipid lowering agent, an anti-thrombotic
agent, direct thrombin inhibitor, and a blood pressure
lowering agent, said administration being in any
order. More particularly, the additional agent in (b)
is a second ERR-a inverse agonist different from the
compound in (a). More particularly, the additional
agent in (b) is an anti-obesity agent selected from
CB1 antagonists, monoamine reuptake inhibotors, and
lipase inhibitors. More particularly, the additional
agent in (b) is selected from rimonabant, sibutramine,
and orlistat. The present invention also features a
method for treating or inhibiting the progression of
one or more ERR-a-mediated conditions, said method
comprisingadministering to a patient in need of
treatment a pharmaceutically effective amount of a
composition of the invention. It is a further
embodiment of the invention to provide a process for
making a pharmaceutical composition comprising
admixing any of the compounds according to Formula (I)
and a pharmaceutically acceptable carrier. The
invention also features pharmaceutical compositions
which include, without limitation, one or more of the
disclosed compounds, and pharmaceutically acceptable
carriers or excipients. In a further embodiment of the
invention, a method for treating or ameliorating an
ERR-a-mediated condition in a subject in need thereof
comprises administering to the subject a
therapeutically effective amount of at least one
compound of Formula (I), wherein the therapeutically
effective amount of the compound of Formula (I) is
from about 0.1 mg/dose to about 5 g/dose. In
particular, the therapeutically effective amount of
the compound of Formula (I) is from about 0.5 mg/dose
to about 1000 mg/dose. More particularly, the
therapeutically effective amount of the compound of
Formula (I) is from about 1 mg/dose to about 100
mg/dose. In a further embodiment of the invention, the
number of doses per day of a compound of Formula (I)
is from 1 to 3 doses. In a further embodiment of the
invention, the therapeutically effective amount of the
compound of Formula (I) is from about 0.001 mg/kg/day
to about 30 mg/kg/day. More particularly, the
therapeutically effective amount of the compound of
Formula (I) is from about 0.01 mg/kg/day to about 2
mg/kg/day. In a further embodiment of the invention, a
method for preventing or inhibiting the progression of
an ERR-a-mediated condition in a subject in need
thereof comprises administering to the subject a
therapeutically effective amount of at least one
compound of Formula (I), wherein the therapeutically
effective amount of the compound of Formula (I) is
from about 0.1 mg/dose to about 5 g/dose. In
particular, the therapeutically effective amount of
the compound of Formula (I) is from about 1 mg/dose to
about 100 mg/dose. In a further embodiment of the
invention, the number of doses per day of a compound
of Formula (I) is from 1 to 3 doses. In afurther
embodiment of the invention, the therapeutically
effective amount of the compound of Formula (I) is
from about 0.001 mg/kg/day to about 30 mg/kg/day. More
particularly, the therapeutically effective amount of
the compound of Formula (I) is from about 0.01
mg/kg/day to about 2 mg/kg/day. In yet another
embodiment of the invention, a method for treating a
prediabetic condition in a subject in need thereof,
comprises administering to said subject a
therapeutically effective amount of at least one
compound of Formula (I), wherein the therapeutically
effective amount of the compound of Formula (I) is
from about 0.1 mg/dose to about 5 g/dose. In
particular, the therapeutically effective amount of
the compound of Formula (I) is from about 1 mg/dose to
about 100 mg/dose. In a further embodiment of the
invention, the number of doses per day of a compound
of Formula (I) is from 1 to 3 doses. In a further
embodiment of the invention, the therapeutically
effective amount of the compound of Formula (I) is
from about 0.001 mg/kg/day to about 30 mg/kg/day. More
particularly, the therapeutically effective amount of
the compound of Formula (I) is from about 0.01
mg/kg/day to about 2 mg/kg/day. The invention is
further described below. A) Terms Some terms are
defined below and by their usage throughout this
disclosure. Unless otherwise noted, "alkyl" as used
herein, whether used alone or as part of a substituent
group, refers to a saturated, branched, or
straight-chain monovalent hydrocarbon radical derived
by the removal of one hydrogen atom from a single
carbon atom of a parent alkane. Typical alkyl groups
include, but are not limited to, methyl; ethyls such
as ethanyl; propyls such as propan-1 -yl, propan-2-yl
, cyclopropan-1 -yl.; butyls such as butan-1 -yl,
butan-2-yl, 2-methyl-propan-1-yl, 2-
methyl-propan-2-yl, cyclobutan-1 -yland the like. In
preferred embodiments, the alkyl groups are Ci-6alkyl,
with Ci-3 being particularly preferred. "Alkoxy"
radicals are oxygen ethers formed from the previously
described straight or branched chain alkylgroups. In
some embodiments, the alkyl or alkoxy are
independently substituted with one to five, preferably
one to three groups including, but not limited to,
oxo, amino, alkoxy, carboxy, heterocyclyl, hydroxyl,
and halo (F, Cl, Br, or I). The term "alkenyl" refers
to an unsaturated branched, straight-chain or cyclic
monovalent hydrocarbon radical, which has at least one
carbon-carbon double bond, derived by the removal of
one hydrogen atom from a single carbon atom of a
parent alkene. The radical may be in either the cis or
trans conformation about the double bond(s). Typical
alkenyl groups include, but are not limited to,
ethenyl; propenyls such as prop-1 -en-1 -yl, prop-1
-en-2-yl, prop-2-en-1 -yl, prop-2-en-2-yl, cycloprop-1
-en-1-yl; cycloprop-2-en-1 -yl; butenyls such as but-1
-en-1 -yl, but-1 -en-2-yl, 2-methyl-prop-1 -en-1-yl,
but-2-en-1 -yl, but-2-en-1 -yl, but-2-en-2-yl, buta-1
,3-dien-1 -yl, buta-1 ,3-dien-2-yl, cyclobut-1 -en-1
-yl, cyclobut-1-en-3-yl, cyclobuta-1 ,3-dien-1 -yl,
etc.; and the like. In some embodiments, the alkenyl
is substituted with one to five, preferably one to
three groups including, but not limited to, oxo,
amino, alkoxy, carboxy, heterocyclyl, hydroxyl, and
halo. The term "alkynyl" refers to an unsaturated
branched, straight-chain or cyclic monovalent
hydrocarbon radical, which has at least one
carbon-carbon triple bond, derived by the removal of
one hydrogen atom from a single carbon atom of a
parent alkyne. Typical alkynyl groups include, but are
not limited to, ethynyl; propynyls such as prop-1
-yn-1 -yl, prop-2-yn-1 -yl, etc.; butynyls such as
but-1-yn-1-yl, but-1 -yn-3-yl, but-3-yn-1 -yl, etc.;
and the like. In some embodiments, the alkynyl is
substituted with one to five, preferably one to three
groups including, but not limited to, oxo, amino,
alkoxy, carboxy, heterocyclyl, hydroxyl, and halo. The
term "heteroaryl" refers to a monovalent
heteroaromatic radical derived by the removal of one
hydrogen atom from a single atom of a parent
heteroaromatic ring system. Typical heteroaryl groups
include monocyclic and bicyclic systems where one or
both rings is heteroaromatic. Heteroaromatic rings may
contain 1 - 4 heteroatoms selected from O, N, and S.
Examples include but are not limited to, 



radicals derived from carbazole, imidazole, indazole,
indole, indolizine, isoindole, isoquinoline,
isothiazole, isoxazole, naphthyridine, oxadiazole,
oxazole, purine,pyrazine, pyrazole, pyridazine,
pyridine, pyrimidine, pyrrole, pyrrolizine,
quinazoline, quinoline, quinolizine, quinoxaline,
tetrazole, thiadiazole, thiazole, thiophene, triazole,
xanthene, and the like. In some embodiments,
"heteroaryl" is substituted. For instance,
"heteroaryl" can be substituted with, e.g., optionally
substituted Ci- balkyl, C2-6alkenyl, C2-6alkynyl,
halo, hydroxyl, -CN, -C(O)OH, -C(O)O-Ci -4alkyl, -
C(O)NR R" -OR 1, -SR' -C(O)R 1, -N(R')(R"), -S(O) 2-
R1, and -S(O) 2-N(R 1KR"), wherein R1and R" are
independently selected from H, Ci- -alkyl, aryl,
heteroaryl, and/or heterocyclyl. The term "aryl," as
used herein, refers to aromatic groups comprising a
stable six-membered monocyclic, or ten-membered
bicyclic or fourteen-membered tricyclic aromatic ring
system which consists of carbon atoms. Examples of
aryl groups include, but are not limited to, phenyl or
naphthalenyl. In some embodiments, "aryl" is
substituted. For instance, "aryl" can be substituted
with, e.g., optionally substituted Ci-6alkyl,
C2-6alkenyl, C2-6alkynyl, halo, hydroxyl ,-CN,
-C(O)OH, - C(O)O-Ci -4alkyl, -C(O)NR R", -SR', -OR 1,
-C(O)R 1, -N(R')(R"), -S(O) 2- R1, and - S(O)2-N(R
1KR"), wherein R1and R" are independently selected
from H, Ci -6-alkyl, aryl, heteroaryl, and/or
heterocyclyl. The term "heterocyclyl" or "heterocycle"
is a 3- to 8-member saturated, or partially saturated
single or fused ring system which consists of carbon
atoms and from 1 to 6 heteroatoms selected from N, O
and S. The heterocyclyl group may be attached at any
heteroatom or carbon atom which results in the
creation of a stable structure. Example of
heterocyclyl groups include, but are not limited to,
2- imidazoline, imidazolidine; morpholine, oxazoline,
2-pyrroline, 3-pyrroline, pyrrolidine, pyridone,
pyrimidone, piperazine, piperidine, indoline,
tetrahydrofuran, 2- pyrroline, 3-pyrroline,
2-imidazoline, 2-pyrazoline, indolinone. In some
embodiments, "heterocyclyl" or "heterocycle" are
independently substituted. For instance,
"heterocyclyl" or "heterocycle" can be substituted
with, e.g., optionally substituted Ci-6alkyl,
C2-6alkenyl, C2-6alkynyl, halo, hydroxyl, -CN,
-C(O)OH, - C(O)O-Ci -4alkyl, -C(O)NR R" -OR 1, -SR'
-C(O)R 1, -N(R 1KR"), -S(O) 2- R1, and - S(O)2-N(R
1KR"), wherein R' and R" are independently selected
from H, Ci -6-alkyl, aryl, heteroaryl, and/or
heterocyclyl.The term "oxo" whether used alone or as
part of a substituent group refers to an O= to either
a carbon or a sulfur atom. For example, phthalimide
and saccharin are examples of compounds with oxo
substituents. The term "cis-trans isomer" refers to
stereoisomeric olefins or cycloalkanes (or
hetero-analogues) which differ in the positions of
atoms (or groups) relative to a reference plane: in
the c/s-isomer the atoms are on the same side; in the
trans omer they are on opposite sides. The term
"substituted" refers to a radical in which one or more
hydrogen atoms are each independently replaced with
the same or different substituent(s). With reference
to substituents, the term "independently" means that
when more than one of such substituent is possible,
such substituents may be the same or different from
each other. The term "composition" is intended to
encompass a product comprising the specified
ingredients in the specified amounts, as well as any
product which results, directly or indirectly, from
combinations of the specified ingredients in the
specified amounts. The term "subject" as used herein,
refers to an animal, preferably a mammal, most
preferably a human, who is the object of treatment,
observation or experiment. It is intended that the
definition of any substituent or variable at a
particular location in a molecule be independent of
its definitions elsewhere in that molecule. It is
understood that substituents and substitution patterns
on the compounds of this invention can be selected by
one of ordinary skill in the art to provide compounds
that are chemically stable and that can be readily
synthesized by techniques known in the art as well as
those methods set forth herein. The term "inverse
agonist" as used herein refers to compounds or
substancesthat have the ability to decrease the
constitutive level of receptor activation in the
absence of an agonist instead of only blocking the
activation induced by agonist binding at the receptor.
Metabolic disorders, diseases, or conditions include,
but are not limited to, diabetes, obesity, and
associated symptoms or complications thereof. They
include such conditions as IDDM (insulin-dependent
diabetes mellitus), NIDDM (non insulindependent
diabetes mellitus), IGT (Impaired Glucose Tolerance),
IFG (Impaired Fasting Glucose), Syndrome X (or
Metabolic Syndrome), hyperglycemia, elevated blood
glucose level, and insulin resistance. A condition
such as IGT or IFG is also known as a "prediabetic
condition" or "prediabetic state." Methods are known
in the art for determining effective doses for
therapeutic and prophylactic purposes for the
disclosed pharmaceutical compositions or the disclosed
drug combinations, whether or not formulated in the
same composition. For therapeutic purposes, the term
"therapeutically effective amount" as used herein,
means that amount of each active compound or
pharmaceutical agent, alone or in combination, that
elicits the biological or medicinal response in a
tissue system, animal or human that is being sought by
a researcher, veterinarian, medical doctor or other
clinician, which includes alleviation of the symptoms
of the disease or disorder being treated. For
prophylactic purposes (i.e., inhibiting the onset or
progression of a disorder), the term "therapeutically
effective amount" refers to that amount of each active
compound or pharmaceutical agent, alone or in
combination, that treats or inhibits in a subject the
onset or progression of a disorder as being sought by
a researcher, veterinarian, medical doctor or other
clinician. Thus, the present invention provides
combinations of two or more drugs wherein, for
example, (a) each drug is administered in an
independently therapeutically or prophylactically
effective amount; (b) at least one drug in the
combination is administered in an amount that is
sub-therapeutic or sub-prophylactic if administered
alone, but is therapeutic or prophylactic when
administered in combination with the second or
additional drugs according to the invention; or (c)
both (or more) drugs are administered in an amount
that is sub-therapeutic or sub-prophylactic if
administered alone, but are therapeutic or
prophylactic when administered together.The term
"pharmaceutically acceptable salt" refers to non-toxic
pharmaceutically acceptable salts (Ref. International
J. Pharm., 1986, 33, 201 -21 7; J. Pharm.Sci., 1997
(Jan), 66, 1, 1) . Other salts well known to those in
the art may, however, be useful in the preparation of
compounds according to this invention or of their
pharmaceutically acceptable salts. Representative
organic or inorganic acids include, but are not
limited to, hydrochloric, hydrobromic, hydriodic,
perchloric, sulfuric, nitric, phosphoric, acetic,
propionic, glycolic, lactic, succinic, maleic,
fumaric, malic, tartaric, citric, benzoic, mandelic,
methanesulfonic, hydroxyethanesulfonic,
benzenesulfonic, oxalic, pamoic,
2-naphthalenesulfonic, p-toluenesulfonic,
cyclohexanesulfamic, salicylic, saccharinic or
thfluoroacetic acid. Representative organic or
inorganic bases include, but are not limited to, basic
or cationic salts such as benzathine, chloroprocaine,
choline, diethanolamine, ethylenediamine, meglumine,
procaine, aluminum, calcium, lithium, magnesium,
potassium, sodium 



and zinc. B) Compounds Representative compounds of the
present invention are listed in Table I below: Table
ISUBSTITUTED PHENOXY AMINOTHIAZOLONES AS ESTROGEN
RELATED RECEPTOR-a MODULATORS FIELD OF THE INVENTION
The present invention relates to certain novel
compounds, methods for preparing compounds,
compositions, intermediates and derivatives thereof
and for treating conditions such as cancer, arthritis,
inflammatory airway disease, and metabolic disorders.
More particularly, the compounds of the present
invention are Estrogen Related Receptor alpha (ERR-a)
modulators useful for treating, ameliorating,
preventing or inhibiting the progression of disease
states, disorders, and conditions mediated by ERR-a
activity. BACKGROUND OF THE INVENTION Nuclear
receptors are members of a superfamily of
transcription factors. The members of this family
share structural similarities and regulate a diverse
set of biological effects (Olefsky, J. M. J. Biol.
Chem. 2001 , 276(40), 36863-36864). Ligands activate
or repress these transcription factors that control
genes involved in metabolism, differentiation and
reproduction (Laudet, V. and H. Gronmeyer. The Nuclear
Receptor Factbooks. 2002, San Diego: Academic Press).
Presently, the human genome project has identified
about 48 members for this family and cognate ligands
have been identified for about 28 of them (Giguere, V.
Endocrine Rev. 1999, 20(5), 689-725). This protein
family is composed of modular structural domains that
can be interchanged within the members of the family
without loss of function. A typical nuclear receptor
contains a hypervariable N-terminus, a conserved DNA
binding domain (DBD), a hinge region, and a conserved
ligand-binding domain (LBD). The function of the DBD
is targeting of the receptor to specific DNA sequences
(Nuclear Hormone Receptor (NHR) response elements or
NREs), and the function of the LBD is recognition of
its cognate ligand. Within the sequence of the nuclear
receptor there are regions involved in transcriptional
activation. TheActivation Function 1 (AF-1 ) domain is
situated at the N-terminus and constitutively
activates transcription (Rochette-Egly, C. et al. Cell
1997, 90, 97-1 07; Rochette-Egly, C. et al. MoI.
Endocrinol. 1992, 6, 2 197-2209), while the Activation
Function 2 (AF- 2) domain is embedded within the LBD
and its transcriptional activation is ligand dependent
(Wurtz, J.M. et al. Nat. Struct. Biol. 1996, 3,
87-94). Nuclear receptors can exist as monomers,
homodimers or heterodimers and bind to direct or
inverted nucleotide repeats (Laudet and Gronmeyer,
2002; Aranda, A. and A. Pascual. Physiol. Rev. 2001 ,
8 1(3), 1269-1 304). The members of this family exist
either in an activated or repressed basal biological
state. The basic mechanism of gene activation involves
ligand dependent exchange of co-regulatory proteins.
These co-regulatory proteins are referred to as
co-activators or co-repressors (McKenna, L.J. et al.
Endocrine Rev. 1999, 20, 321- 344). A nuclear receptor
in the repressed state is bound to its DNA response
element and is associated with co-repressor proteins
that recruit histone deacetylases (HDACs) (Jones, P.L.
and Y.B. Shi. Curr. Top. Microbiol. Immunol. 2003,
274, 237-268). In the presence of an agonist there is
an exchange of co-repressors with co-activators that
in turn recruit transcription factors that assemble
into an ATP dependent chromatin-remodeling complex.
Histones are hyper-acetylated, causing the nucleosome
to unfold, and repression is alleviated. The AF-2
domain acts as the ligand dependent molecular switch
for the exchange of co-regulatory proteins. In the
presence of an agonist the AF-2 domain undergoes a
conformational transition and presents a surface on
the LBD for interaction with co-activator proteins. In
the absence of an agonist or in the presence of an
antagonist the AF-2 domain presents a surface that
promotes interactions with co-repressor proteins. The
interaction surfaces on the LBD for both
co-activators, and co-repressors overlap and provide a
conserved molecular mechanism for gene activation or
repression that is shared by the members of this
family of transcription factors (Xu, H.E. et al.
Nature 2002, 4 15 (6873), 8 13-81 7). Natural ligands
that modulate the biological activity of nuclear
receptors have been identified for only approximately
one half of known nuclear receptors. Receptors for
which no natural ligand has been identified are termed
"orphanreceptors." The discovery of ligands or
compounds that interact with an orphan receptor will
accelerate the understanding of the role of the
nuclear receptors in physiology and disease and
facilitate the pursuit of new therapeutic
approachesEstrogen related receptors (ERRs)
constitutes a sub-class of these receptors where no
ligand has been identified. ERR-a (also known as ERR-1
) , an orphan receptor, is the first of the three
identified members of the estrogen receptor related
subfamily of orphan nuclear receptors (ERR-a, b, g) .
The ERR subfamily is closely related to the estrogen
receptors (ER-a and ER-b) . ERR-a and ERR-b were first
isolated by a low stringency hybridization screen
(Giguere, V. et al. Nature 1988, 331 , 9 1-94)
followed later with the discovery of ERR-g (Hong, H.
et al. J. Biol. Chem. 1999, 274, 2261 8- 22626). The
ERRs and ERs share sequence similarity with the
highest homology observed in their DBDs, approximately
60%, and all interact with the classical DNA estrogen
response element. Recent biochemical evidence
suggested that the ERRs and ERs share target genes,
including pS2, lactofehn, aromatase and osteopontin,
and share co-regulator proteins (Giguere, V. Trends in
Endocrinol. Metab. 2002, 13, 220-225; Vanacker, J.M.
et al. EMBO J. 1999, 18, 4270-4279; Kraus, R.J. et al.
J. Biol. Chem. 2002, 272, 24286-24834; Hong et al.,
1999; Zhang, Z. and CT. Teng. J. Biol. Chem. 2000,
275, 20387-20846). Therefore, one of the main
functions of ERR is to regulate the response of
estrogen responsive genes. The effect of the steroid
hormone estrogen is primarily mediated in the breast,
bone and endometrium. Thus, the identification of
compounds that will interact with ERRs should provide
a benefit for the treatment of bone related disease,
breast cancer and reproduction. ERR-a is shown to be
present both in normal and breast cancer tissue
(Ariazi, E.A. et al. Cancer Res. 2002, 62, 651 0-651
8). It has been reported that the main function of
ERR-a in normal breast tissue is that of a repressor
for estrogen responsive genes. In breast cancers or
cell lines that are non-estrogen responsive (ER-a
negative), ERR-a has been reported to be in an
activated state (Ariazi et al., 2002). Therefore,
compounds that will interact with ERR-a may be useful
agents for the treatment of breast cancer that is ER-a
negative and non-responsive to
classicalanti-estrogenic therapy, or may be used as an
adjunct agent for anti-estrogen responsive breast
cancers. These agents may act as antagonists by
reducing the biological activity of ERR-a in these
particular tissues. Many post-menopausal women
experience osteoporosis, a condition that is a result
of the reduction of estrogen production. Reduction of
estrogen levels results in an increase of bone loss
(Turner, RT. et al. Endocrine Rev. 1994, 15(3),
275-300). An anabolic effect on bone development has
been observed on the administration of estrogens to
postmenopausal patients with osteoporosis (Pacifici,
R. J. Bone Miner. 



Res. 1996, 11(8), 1043-1 051 ) but the molecular
mechanism is unknown since ER-a and ER-b knock-out
animals have minor skeletal defects, where the action
of estrogens is typically mediated (Korach, K. S.
Science 1994, 266, 1524-1 527; Windahl, S.H. et al. J.
Clin. Invest. 1999, 104(7), 895-901 ) . Expression of
ERR-a in bone is regulated by estrogen (Bonnelye, E.
et al. MoI. Endochn. 1997, 11, 905-91 6; Bonnelye, E.
et al. J. Cell Biol. 2001 , 153, 971-984). ERR-a is
maintained throughout osteoblast differentiation
stages. Over-expression of ERR-a in rat calvaha
osteoblasts, an accepted model of bone
differentiation, results in an increase of bone nodule
formation, while treatment of rat calvaha osteoblasts
with ERR-a antisense results in a decrease of bone
nodule formation. ERR-a also regulates osteopontin, a
protein believed to be involved in bone matrix
formation. Therefore compounds that will modulate
ERR-a by increasing its activity can have an anabolic
effect for the regeneration of bone density and
provide a benefit over current approaches that prevent
bone loss, but have no anabolic effect. Such compounds
can enhance the activity of the receptor by two
possible mechanisms: i) enhancing the association of
the receptor with proteins that enhance its activity
or improve the stability of the receptor; and ii)
increasing the intracellular concentrations of the
receptor and consequently increasing its activity.
Conversely, with respect to bone diseases that are a
result of abnormal bone growth, compounds that will
interact with ERR-a and decrease its biological
activity may provide a benefit for the treatment of
these diseases by retarding bone growth. Antagonism of
the association of the receptor with co-activator
proteins decreases the activity of the receptor.ERR-a
is also present in cardiac, adipose, and muscle tissue
and forms a transcriptional active complex with the
PGC-1 co-activator family, co-activators implicated
with energy homeostasis, mitochondria biogenesis,
hepatic gluconeogenesis and in the regulation of genes
involved in fatty acid beta-oxidation (Kamei, Y. et
al. Proc. Natl. Acad. Sci. USA 2003, 100(21 ) ,
12378-1 2383). ERR-a regulates the expression of the
medium chain acyl-CoA dehydrogenase promoter (MCAD).
Medium chain acyl-CoA dehydrogenase is a gene involved
in the initial reaction in fatty acid beta-oxidation.
It is believed that in the adipose tissue ERR-a
regulates energy expenditure through the regulation of
MCAD (Sladek, R. et al. MoI. Cell. Biol. 1997, 17,
5400-5409; Vega, R.B. and DP. Kelly. J. Biol. Chem.
1997, 272, 3 1693-31699). In antisense experiments in
rat calvaha osteoblasts, in addition to the inhibition
of bone nodule formation, there was an increase in
adipocyte differentiation markers including aP2 and
PPAR-g (Bonnelye, E. et al. Endocrinology 2002, 143,
3658-3670). Recently an ERR-a knockout model has been
described that exhibited reduced fat mass relative to
the wild type and DNA chip analysis data indicated
alteration of the expression levels of genes involved
in adipogenesis and energy metabolism (Luo, J. et al.
MoI. Cell. Biol. 2003, 23(22), 7947-7956). More
recently it has been shown that ERR-a regulates the
expression of endothelial nitric oxide synthase, a
gene that has a protective mechanism against
arteriosclerosis (Sumi, D. and L.J. Ignarro. Proc
Natl. Acad. Sci. 2003, 100, 14451 -14456). The
biochemical evidence supports the involvement of ERR-a
in metabolic homeostasis and differentiation of cells
into adipocytes. Therefore, compounds interacting with
ERR-a can affect energy homeostasis and may therefore
provide a benefit for the treatment of obesity and
metabolic syndrome related disease indications,
including arteriosclerosis and diabetes (Grundy, S.M.
et al. Circulation 2004, 109(3), 433- 438). Lion
Bioscience AG has disclosed the use of certain
pyrazole derivatives as antagonists of ERR-a for
treating cancer, osteoporosis, obesity, lipid
disorders and cardiovascular disorders and for
regulating fertility (European Published Patent
Application 1398029). There is a continuing need for
new ERR-a inverse agonists. There is also aneed for
ERR-a inverse agonists useful for the treatment of
conditions including but not limited to ankylosing
spondylitis, artherosclerosis, arthritis (such as
rheumatoid arthritis, infectious arthritis, childhood
arthritis, psoriatic arthritis, reactive arthritis),
bone-related diseases (including those related to bone
formation), breast cancer (including those
unresponsive to anti-estrogen therapy), cardiovascular
disorders, cartilage-related disease (such as
cartilage injury/loss, cartilage degeneration, and
those related to cartilage formation),
chondrodysplasia, chondrosarcoma, chronic back injury,
chronic bronchitis, chronic inflammatory airway
disease, chronic obstructive pulmonary disease,
diabetes, disorders of energy homeostasis, gout,
pseudogout, lipid disorders, metabolic syndrome,
multiple myeloma, obesity, osteoarthritis,
osteogenesis imperfecta, osteolytic bone metastasis,
osteomalacia, osteoporosis, Paget's disease,
periodontal disease, polymyalgia rheumatica, Reiter's
syndrome, repetitive stress injury, hyperglycemia,
elevated blood glucose level, and insulin resistance.
SUMMARY OF THE INVENTION In its many embodiments, the
present invention provides novel compounds useful as,
for example, ERR-a inverse agonists, methods of
preparing such compounds, pharmaceutical compositions
comprising one or more such compounds, methods of
preparing pharmaceutical compositions comprising one
or more such compounds, and methods of treatment,
prevention, inhibition or amelioration of one or more
diseases associated with ERR-a using such compounds or
pharmaceutical compositions. One aspect of the present
invention features a compound of Formula (I) (I)
whereinX is S or O; Ri is halo, optionally substituted
Ci-4alkyl, optionally substituted Ci-4alkoxy, or
hydroxyl; R2 is selected from halo substituted
Ci-salkyl, cyano, halo, -C(O)NH 2, and -C(O)O-Ci
-4alkyl, or alternatively R2 is linked together to R3
to form an aryl fused to the phenyl ring to which R2
and R3 are shown attached; R3 is H, or alternatively
R3 is linked together to R2 to form an aryl fused to
the phenyl ring to which R3 and R2 are shown attached;
R4 is halo, cyano, halo substituted Ci -3alkyl, - CCH,
-C(O)O-Ci -4alkyl, -C(O)NH 2, or -S(O 2)-Ci -4alkyl;
and R5 and R are independently selected from H,
optionally substituted Ci-4alkyl, optionally
substituted heteroaryl, and optionally substituted
heterocyclyl, or alternatively R5 and R are linked
together with the N atom to which they are attached to
form an optionally substituted N-containing
heterocyclyl; or an optical isomer, enantiomer,
diastereomer, cis-trans isomer, racemate, prodrug or
pharmaceutically acceptable salt thereof. Another
aspect of the present invention features a
pharmaceutical composition comprising at least one
compound of Formula (I) and at least one
pharmaceutically acceptable carrier. The present
invention also features a method of treating a subject
suffering from or diagnosed with a disease, disorder,
or condition mediated by ERR-a activity, comprising
administering to the subject a therapeutically
effective amount of at least 



one compound of Formula (I). Such disease, disorder,
or condition can include, but is not limited to
ankylosing spondylitis, artherosclerosis, arthritis
(such as rheumatoid arthritis, infectious arthritis,
childhood arthritis, psoriatic arthritis, reactive
arthritis), bone-related diseases (including those
related to bone formation), breast cancer (including
those unresponsive to anti-estrogen therapy),
cardiovascular disorders, cartilage-related disease
(such as cartilage injury/loss, cartilage
degeneration, and those related to cartilage
formation), chondrodysplasia, chondrosarcoma, chronic
back injury, chronic bronchitis, chronic inflammatory
airway disease, chronic obstructive pulmonary disease,
diabetes, disorders of energy homeostasis,
gout,pseudogout, lipid disorders, metabolic syndrome,
multiple myeloma, obesity, osteoarthritis,
osteogenesis imperfecta, osteolytic bone metastasis,
osteomalacia, osteoporosis, Paget's disease,
periodontal disease, polymyalgia rheumatica, Reiter's
syndrome, repetitive stress injury, hyperglycemia,
elevated blood glucose level, and insulin resistance.
The therapeutically effective amount of the compound
of Formula (I) can be from about 0.1 mg/day to about
5000 mg/day. The present invention further features a
process for making a pharmaceutical composition
comprising admixing any of the compounds according to
Formula (I) and a pharmaceutically acceptable carrier.
Additional embodiments and advantages of the invention
will become apparent from the detailed discussion,
schemes, examples, and claims below. DETAILED
DESCRIPTION OF THE INVENTION This invention relates to
novel ERR-a modulators and compositions thereof for
the treatment, amelioration, prevention or inhibition
of numerous conditions, including but not limited to
cancer, arthritis, inflammatory airway disease,
bonerelated diseases, metabolic disorders, and
associated symptoms or complications thereof. One
aspect of the present invention features a compound of
Formula (I) (I) whereinX is S or O; Ri is halo,
optionally substituted Ci-4alkyl, optionally
substituted Ci-4alkoxy, or hydroxyl; R2 is selected
from halo substituted Ci-salkyl, cyano, halo, -C(O)NH
2, and -C(O)O-Ci -4alkyl, or alternatively R2 is
linked together to R3 to form an aryl fused to the
phenyl ring to which R2 and R3 are shown attached; R3
is H, or alternatively R3 is linked together to R2 to
form an aryl fused to the phenyl ring to which R3 and
R2 are shown attached; R4 is halo, cyano, halo
substituted Ci -3alkyl, - CCH, -C(O)O-Ci -4alkyl,
-C(O)NH 2, or -S(O 2)-Ci -4alkyl; and R5 and R6 are
independently selected from H, optionally substituted
Ci-4alkyl, optionally substituted heteroaryl, and
optionally substituted heterocyclyl, or alternatively
R5 and R are linked together with the N atom to which
they are attached to form an optionally substituted
N-containing heterocyclyl; or an optical isomer,
enantiomer, diastereomer, cis-trans isomer, racemate,
prodrug or pharmaceutically acceptable salt thereof.
In particular, the present invention includes a
cis-trans isomer of the compound of Formula (I), which
has the following structure, wherein X, Ri, R2, R3,
R4, R5, and R6 are as described above: /R
Particularly, R1 is Ci-2alkoxy, F, Cl, or Br. More
particularly, R1 is -O-CH3, For Cl. Even more
particularly, Ri is -O-CH3 or F. Particularly, R2 is
CF3 or Cl and R3 is H, or alternatively R2 is linked
together to R3 to form an aryl fused to the phenyl
ring to which R2 and R3 are shown attached. More
particularly, R2 is CF3 or Cl and R3 is H, or
alternatively R3 is linked together to R2 to form a
phenyl fused to the phenyl ring to which R3 and R2 are
shown attached. In one embodiment, R2 is linked
together to R3 to form a phenyl fused to the phenyl
ring to which R2 and R3 are shown attached. In another
embodiment, R2 is CF3, CI, or Br. . In a further
embodiment, R2 is CF3 or Cl. More particularly, R2 is
CF3. More particularly, R3 is H. Particularly, R4 is
cyano and R2 is CF3 or Cl. More particularly, R4 is
cyano. Particularly, X is S. Particularly, R5 and R
are independently selected from H and optionally
substituted Ci-4alkyl, or alternatively R5 and R6 are
linked together with the N atom to which they are
attached to form an optionally substituted
N-containing heterocyclyl. Particularly, R5 is H and R
is optionally substituted Ci-4alkyl. In one
embodiment, R5 is H and R6 is H. In another
embodiment, R5 and R6 are each optionally substituted
Ci-4alkyl. Further, R5 and R6 are linked together with
the N atom to which they are attached to form an
optionally substituted N-containing heterocyclyl. More
particularly, when R5 or R6 is optionally substituted
Ci-4alkyl, the substituted Ci-4alkyl is independently
selected fromParticularly, the present invention
includes a compound of Formula (I) wherein Ri is
Ci-2alkoxy, F, or Cl; R2 is CF3 or Cl, or
alternatively R2 is linked together to R3 to form a
phenyl fused to the phenyl ring to which R2 and Rs are
shown attached; R3 is H; R4 is cyano; and X is S; or
an optical isomer, enantiomer, diastereomer, racemate,
cis-trans isomer, prodrug or pharmaceutically
acceptable salt thereof. Compounds 1 and 4
Particularly, the present invention includes a
compound of Formula (I) whereinRi is Ci-2alkoxy, F, or
Cl; R2 is CF3 or Cl, or alternatively R2 is linked
together to R3 to form a phenyl fused to the phenyl
ring to which R2 and R3 are shown attached; R4 is
cyano; X is S; and R5 and R are both H; or an optical
isomer, enantiomer, diastereomer, racemate, cis-trans
isomer, prodrug or pharmaceutically acceptable salt
thereof. Compounds 23, 4 1 and 50 Particularly, the
present invention includes a compound of Formula (I)
wherein Ri is Ci-2alkoxy, F, or Cl; R2 is CF3 or Cl;
R3 is H; R4 is cyano; X is S; and R5 and R6 are each
optionally substituted Ci -4alkyl; or an optical
isomer, enantiomer, diastereomer, racemate, cis-trans
isomer, prodrug or pharmaceutically acceptable salt
thereof. Compounds 6 1 and 62 Particularly, the
present invention includes a compound of Formula (I)
wherein 



Ri is Ci-2alkoxy, F, or Cl; R2 is CF3 or Cl; R3 is H;
R4 is halo; X is S; and R5 and R6 are each optionally
substituted Ci -4alkyl or alternatively R5 and R6 are
linked together with the N atom to which they are
attached to form an optionally substituted
N-containing heterocyclyl; or an optical isomer,
enantiomer, diastereomer, racemate, cis-trans isomer,
prodrug or pharmaceutically acceptable salt thereof.
Compounds 42, 49, 5 1, 74, 96, and 107 Particularly,
the present invention includes a compound of Formula
(I) wherein Ri is Ci-2alkoxy, F, or Cl;R2 is CF3 or
Cl; R3 is H; R4 is cyano; X is S; and R5 is H and R is
optionally substituted Ci -4alkyl; or an optical
isomer, enantiomer, diastereomer, racemate, cis-trans
isomer, prodrug or pharmaceutically acceptable salt
thereof. Compounds 2 1, 47, 55, 94, 102, 106, and 116
Particularly, the present invention includes a
compound of Formula (I) wherein Ri is Ci-2alkoxy, F,
or Cl; R2 is CF3 or Cl; R3 is H; R4 is cyano; X is S;
and R5 and R6 are linked together with the N atom to
which they are attached to form an optionally
substituted N-containing heterocyclyl; or an optical
isomer, enantiomer, diastereomer, racemate, cis-trans
isomer, prodrug or pharmaceutically acceptable salt
thereof. Compound 52 In another emobodiment, the
present invention includes a compound of Formula (I)
wherein Ri is Ci-2alkoxy, F, or Cl; R2 is CF3 or Cl;
R3 is H; R4 is -C(O)O-Ci -4alkyl; X is S; and R5 and
R6 are linked together with the N atom to which they
are attached to form an optionally substituted
N-containing heterocyclyl; or an optical isomer,
enantiomer, diastereomer, racemate, cis-trans isomer,
prodrug or pharmaceutically acceptable salt thereof.
Compound 58 In another emobodiment, the present
invention includes a compound ofFormula (I) wherein Ri
is Ci-2alkoxy, F, or Cl; R2 is CF3 or Cl; R3 is H; R4
is halo substituted Ci-salkyl; X is S; and R5 and R6
are linked together with the N atom to which they are
attached to form an optionally substituted
N-containing heterocyclyl; or an optical isomer,
enantiomer, diastereomer, racemate, cis-trans isomer,
prodrug or pharmaceutically acceptable salt thereof.
More particularly, an example of the present invention
includes compounds of Formula (I) wherein Ri is
methoxy; R2 is CF3; R3 is H; and R4 is cyano. It is an
embodiment of the present invention to provide a
compound selected from:MULTILAYER FILM Technical Field
This invention relates to PET films or laminates, and
methods for their manufacture that are useful as
backside films for solar modules. Background Solar
panel backside films are often used to enhance the
durability, longevity, and performance of photovoltaic
modules placed in a solar panel. Solar panel backside
films are often multilayer films or laminate
constructions which attempt to marry the properties of
dissimilar materials in order to provide an improved
performance. Such properties include barrier
resistance to elements such as water, cut-through
resistance, weathering resistance and electrical
insulation. In addition, the reflectivity of solar
panel backside films can improve the power output of
the solar module. Previous laminates have addressed
many of the needs for solar modules, but often result
in a misbalance of properties, are more expensive, or
difficult to handle or process. In addition, the inner
layers of the multilayer film are often not fully
protected over the life of the module. In order to
improve the durability, longevity and performance of
photovoltaic modules, laminates are being developed
with thicker layers of barrier materials such as
(polyethylene terephthalate (hereinafter "PET") or
resort to the use of metal foils, inorganic coatings,
or multiple layers of polymers including
fluoropolymers. These endeavors typically result in
constructions, which are often more expensive, and
that do not necessarily improve the performance of the
solar module. Summary There is a need for improved PET
films to construct opaque, reflective, low shrink
solar backside films that maintain their physical and
mechanical integrity and do not crack or exfoliate
during extended exposure to environmental conditions
such as heat and moisture. The addition of pigments to
increase the opacity and reflectivity to such PET
filmstypically has a negative effect on their
environmental longevity. As well, efforts to reduce
the shrinkage of the PET film can also detract from
its service life. Briefly, the present invention is
directed to a solar panel backside film to address the
deficiencies of conventional films used in solar panel
constructions. The films of the present invention
comprise a PET film having a net peak area as measured
by differential scanning calorimetry of about -15 J/g
to about 5 J/g measured from the endpoint of the glass
transition (Tg) up to 230 0C, and an additive to
opacify the PET film. A polymeric layer is adhered to
the PET film to create a solar panel backside film.
The solar panel backside film generally has a
reflectivity of 50% or greater at a point in the
visible range of light. Additionally, the solar panel
backside film, when applied to a solar panel and
exposed to 2000 hours at 85 0C and 85 % relative
humidity, does not result in exfoliation or visible
cracks in the PET film. In another embodiment of the
invention, the solar panel backside film comprises a
PET 



film having an intrinsic viscosity of 0.65 or greater
bonded to a polymeric layer. This film, when applied
to a solar panel and exposed to 2000 hours at 85C and
85 % relative humidity, does not result in exfoliation
or visible cracks in the PET film. Another embodiment
includes a method for preparing the films of the
present invention. The present invention also provides
for a solar panel utilizing the specific solar panel
backside film to enhance the durability and longevity
of the solar panel. Other features and advantages of
the invention will be apparent from the following
detailed description of the invention and the claims.
The above summary of principles of the disclosure is
not intended to describe each illustrated embodiment
or every implementation of the present disclosure. The
following details more particularly exemplify certain
preferred embodiments utilizing the principles
disclosed herein.Detailed Description The present
invention is a solar panel backside film with improved
properties comprising a polyethylene teraphthalate
film bonded to a polymeric layer. The PET film
provides increased durability and longevity, and
performance enhancements to photovoltaic modules when
it is utilized as a backside film on the modules. The
solar panel backside film is a multilayer structure
that, in its base from, encompasses a PET film and a
polymeric layer adhered to the PET film. The PET film
has a net peak area as measured by differential
scanning calorimetry of about -15 J/g to about 5 J/g
measured from the endpoint of the glass transition
point up to 230 0C. Additionally, the PET film
includes an additive to opacify the film. In the
production of the PET films, the product of the
stretching in the machine direction times the
stretching in the transverse direction can be referred
to as the stretch area. This stretch area is typically
greater than about 11, preferably greater than 12. It
may be greater than 12.5 or greater than 13. PET Films
In general, PET films suitable for use with the
present invention can be made by a wellknown process
referred to as tentering, which orientates the
molecular structure of the film. The film may be
either sequentially or simultaneously biaxially
oriented by conventionally recognized techniques. The
net peak area for the PET film measured from the
endpoint of the glass transition up to 230 0C can be
altered by the process parameters used to make the PET
film. In particular, the temperatures, residence times
and air velocities in various zones including the heat
set and cooling zones of a PET film tentering line can
be used to adjust this property. Heat set temperatures
are preferable below 240 0C and more preferably 230 0C
or lower. If the heat set conditions are too low, the
resultant film might not be sufficiently or properly
crystallized. The draw ratios in the machine and
transverse direction can be used to achieve various
properties desired in the PET film. For purposes of
the invention, the PET film samples may be analyzed
using a TA Instruments model 2920 Modulated(r)
Differential Scanning Calorimeter (MDSC). A linear
heating rate of 4C/min. is applied with a perturbation
amplitude of +/- 0.6360C every 60 seconds. The
specimens are subjected to a heat profile over a
temperature rangeof-10 to 300 0C. This generates three
signals designated as heat flow, reversing heat flow
and non-reversing heat flow. The endpoint of the glass
transition may be determined by the analysis software
using the reversing heat flow signal. A linear
baseline between this endpoint and the return to the
baseline after the major melting transition is used to
integrate the heat flow signal. The net peak area
between the glass transition endpoint and 2300C for
the heat flow signal may then be evaluated for each
sample. The peak area integration results are
normalized for sample weight and reported in
Joules/gram (J/g). The integration end is chosen at
2300C which is prior to the onset of major melting.
Using the convention of describing exothermic peaks as
positive numbers, and endothermic peaks as negative
values, the integration results for the temperature
region from the endpoint of Tg up to 230 0C can then
be utilized to compare individual PET films. Films of
the invention typically include minor peaks in the
region between the endpoint of the glass transition to
2300C with net peak areas ranging from about -15 J/g
to about 5 J/g, preferably from about -7 J/g to 0 J/g.
Preferred PET films do not exhibit an exothermic
cold-crystallization peak around 125-1300C. PET films
of the present invention preferably exhibit minor
endothermic peaks prior to 230 0C, or net endothermic
peak areas with the heat flow curve approximating the
linear integration baseline. The PET film produced in
accordance with the present invention is combined with
another polymeric layer. In that regard, substantial
shrinkage of the PET film after combination with a
polymeric layer may adversely affect the final
properties of the intended solar panel backside film.
Significant shrinkage may even cause wrinkling of the
solar panel backside film. Therefore, the shrinkage in
the PET film is preferably about 1% or less, and
depending on the application most preferably less than
0.5%. Shrinkage is measured at 1500C for 15 minutes as
specified per ASTM 2305-02. As the temperatures and/or
residence times in the heat set zones are decreased,
the shrinkage of the PET film will tend to increase
and eventually steps may be needed to counteract this
increase. The shrinkage can be controlled to some
extent by the orientation and constraint placed on the
film during the manufacturing process. It is also
possible to reduce shrinkage by exposing thePET film
to additional heat treatments, either immediately
after the heat setting or in a post secondary process.
Preferably the temperature used is lower than the
temperature used in the original heat setting process
and the PET film should be somewhat or entirely
unconstrained to allow the shrinkage to be removed.
Preferred temperatures for reducing the heat shrink in
roll to roll, continuous or batch processes are
usually in the range of 140 0C to 220 0C. The
shrinkage of the PET film may also be reduced after
other layers are adhered to make a solar module
backside film, but it is usually preferable to remove
the film shrinkage prior to applying the material to
the PET film. PET films of the invention generally
have a thickness of greater than about 1 mil,
preferably greater than 2 mils or more. In another
embodiment, PET film may also be formed from multiple
layers of PET. Thin PET layers by themselves may not
be able to withstand mechanical forces in end use
application which can lead to cracking of the PET
film. Opacification of the PET film is preferable to
achieve a desired level of reflectivity in the solar
panel backside film. A variety of additives, in
combination or alone, may be used to opacify the PET,
including inorganics such as CaCO , ZnO, BaSO or TiO .
Preferred are those that do not induce excessive
micro-voiding within the PET film. By micro-voiding it
is meant that small voids or cavities can form within
the film. This micro-voiding can contribute to the
opacity of the film but may also weaken it. If
excessive, it can contribute to exfoliation of the
film during environmental aging. Exfoliation means
that the PET film fails within itself through a
cohesive mechanism wherein layers or pieces of the
film are readily removed from the PET film. The extent
of micro-voiding can also be affected by the PET film
making conditions; molecular orientation, heat set
temperatures and lower molecular weight PET, all of
which can render the PET film more susceptible to
exfoliation. A preferred additive for opacifying the
PET film is TiO . As previously noted, BaSO can also
be used to opacify the film, but under certain
conditions and/or levels it can contribute to
exfoliation of the PET film. Preferably the PET film
is at least 50% opaque and typically contains at least
5% by weight of an additive with levels up to 10% or
more oftenbeing employed. The overall opacity of the
solar module backside film is usually 80% or greater,
often up to 90% or even 95% and above. The opacity of
the solar module backside film may be achieved by the
PET film alone or through the addition of other opaque
layers, pigmented or otherwise. Opacified layers
positioned to either side of the 



PET film can be utilized to provide UV protection to
the underlying PET film. Exfoliation of the PET film
can readily be determined by sufficiently adhering it
to a polymer layer and then aging the laminate in damp
heat. Damp heat conditions are defined as 85C and 85 %
relative humidity. After a period of aging in the damp
heat, the interlayer adhesion of the PET film to the
other polymer can be assessed by peeling the two films
apart. PET films that exfoliate will generally have an
interlayer adhesion value of 1 pli or less as measured
via the Peel Test described in the experimental
section. If the PET film exfoliates, the exposed
surface interface of the polymer to which it was
adhered will show remnants of the PET film. Typically
this can be assessed visually or via surface
analytical techniques such as Electron Spectroscopy
for Chemical Analysis (ESCA). Preferably, the PET film
adhered to the second polymer does not readily
exfoliate after damp heat exposure of 2000 hours or
more and the failure mechanism is through adhesive
failure or cohesive failure within the second polymer.
In some instances, the PET film may crack, tear or
otherwise break, especially if it is weaker than the
material to which it is bonded. This is not
necessarily interpreted as exfoliation. The adhesion
mechanism used for the test should be capable of
withstanding the damp heat for an extended duration.
Opacifying additives can typically be added via
commercially obtained concentrates, or compounded via
methods well known in the art. Alternatively, they can
be added to the PET during polymerization. Both the
additive and the carrier resin, if a concentrate is
used, can sometimes detract from the hydrolytic life
of the PET film. Improvement of the additive
dispersion within the PET film can lessen its impact.
It is generally recognized in the art that the PET
extrusion conditions may further degrade the
performance of the PET film. The intrinsic viscosity
(IV), of the opacified PET film may be at least 0.5,
preferably 0.55 or greater and may be as high as 0.6,
0.62 or 0.65. Inother embodiments the film IV may be
as great as 0.7 or even 0.8 and greater. As the IV is
increased, the requirements for PET film manufacture
can become more demanding. Film and resin IV can be
readily measured by techniques well known in the art.
Commercially available resins with a wide range of IVs
are available, such as from E. I . du Pont de Nemours
and Company; Wilmington DE, Invista, Wichita, KS; or
Eastman Chemical Company, Kingsport, TN. As well,
resins of varying IV can be blended to achieve a
particular IV. In addition, the use of recycle or
edge-trim from the PET film making process or resins
which have seen previous thermal exposure can
negatively affect the performance of the PET film.
Preferably, the amount of recycle PET resin is less
than 50%. Techniques such as solid state
polymerization are applicable for mitigating the
deleterious affects of re-using materials with
previous thermal history or lower IV. PET resins used
to make the film are those generally known in the art
and may contain other additives, stabilizers, and
end-capping agents. Preferably they do not contain
branching agents. When the IV of the PET film is 0.65
or greater, the opacity may also be provided by
incorporating other layers within the solar panel
backside film. These layers may be positioned on
either side of the PET film. Alternatively, films
according to the present invention may exclude
additives to opacify the film. The teachings herein
for opacified films may be applicable to films without
such additives or opacifying layers. The resulting
film may be suitable as solar panel front side films.
Polymeric Layer The polymeric layer is generally
applied as a weatherable layer to extend the
functional life of the solar panel backside film, but
may be a layer applied to either side of the PET film.
The polymeric layer may comprise any polymer that is
capable of withstanding environmental conditions.
Various types of materials may be used as the
polymeric layer. Preferably, the backside film
contains a layer or means to protect the PET film
and/or inner layers or other components of the solar
module from environmental exposure such as UV and the
elements. A preferred layer is comprised of
fluoropolymers, including, but not limited to,
homopolymers and copolymers of vinyl fluoride,
vinylidene fluoride,chloro-trifluoroethylene
tetrflurooethylene or combinations thereof with other
nonfluorinated, partially or fully fluorinated
monomers. Examples of suitable fluoropolymers include
polyvinylfluoride, available as Tedlar from E. I . du
Pont de Nemours and Company, Wilmington DE, and
polymers such as polyvinylidene fluoride,
ethylene-cotetrafluoroethylene polymers, or copolymers
of tetrafluoroethylene, hexafluoropropylene or
vinylidene fluoride from Dyneon LLC (Oakdale, MN). The
polymeric layer combined with the PET film may also
comprise materials which are used to encapsulate the
solar cells such as polyolefms, including ionomers and
EVA resins. In addition, the solar panel backside film
may be formed in the same lamination step that is used
to produce a solar module. Any of the polymeric layers
may contain pigments, fillers, cross linking agents,
stabilizers and other modifying additives. Solar Panel
Backside Film The PET film and the polymeric layer are
generally combined to form a solar panel backside
film. Examples of multilayer solar module backside
films include, but are not limited to: (1) a four
layer construction comprising a fluoropolymer layer,
an adhesive, a PET film and a polyolefm layer; (2) a
three layer construction comprising a UV protective
layer adhered to the PET film adhered to a layer of
polymer which can also serve as solar cell
encapsulant; (3) a second layer of PET adhered to the
PET film and (4) a PET film adhered to a polyolefm.
All embodiments of course will be capable of bonding
to a solar module. The thickness of the individual
layers within the multilayer film can be varied and
tailored per the end-use application requirements.
Optionally, any number of additional layers may be
adhered to the Solar Panel backside film. An
additional layer may be considered as a primer,
adhesives, coatings, scrim, mesh, foil or another
polymer, including vapor deposited materials such as
metal oxides to enhance barrier properties. These
layers may be adhered to either the PET film or second
polymer layer or be position between the two.In many
instances, coatings, primers, adhesives, barrier
coatings or layers, or similar agents may be present
at the interface between the PET film and the polymer
layer. The exfoliation after damp heat aging is
interpreted similarly if remnants of the PET are
removed from the PET film surface and can be detected
on the failure interface opposite the PET film. The
laminate of PET film and another polymer will
preferably exhibit a peel-strength of at least 1 pli,
(pounds per linear inch) after the duration of damp
heat exposure, preferably 1.5 pli up to 2 pli or more.
To be most useful, the solar panel backside films of
the present invention should not delaminate during
use. That is, the adhesive bond strength between the
different layers of should be sufficiently strong and
stable so as to prevent the different layers from
separating on exposure to, for example, moisture,
heat, cold, wind, chemicals and or other environmental
exposure. Various methods of increasing interlayer
adhesion in all cases are generally known by those of
ordinary skill in the art. A variety of methods have
been employed to bond the polymeric materials of the
present invention. For example, the layers can be
adhesively bonded together by a layer of adhesive
material between the two layers. Alternatively,
surface treatment of one or both of the layers, used
independently or in conjunction with adhesive
materials, has been used to bond the two types of
materials together. For example, layers comprising a
fluoropolymer have been treated with a charged gaseous
atmosphere followed by lamination with a layer of a
non-fluorinated polymer. As another approach,
"tie-layers" 



have been used to bond a fluoropolymer material to a
layer of material comprising a substantially
non-fluorinated polymer. A tie layer method for
improving interlayer adhesion with the fluoropolymer
comprises blending a base and an aromatic material
such as a catechol novolak resin, a catechol cresol
novolak resin, a polyhydroxy aromatic resin
(optionally with a phase transfer catalyst) with the
fluoropolymer and then applying to either layer prior
to bonding. Alternatively, this composition may be
used as the fluoropolymer layer without separate tie
layer as disclosed in U.S. Published Application No.
2005/0080210 Al.Another tie layer method for bonding
fluoropolymers is the use of a combination of a base,
a crown ether and a non-fluoropolymer. This method is
disclosed in U.S. Pat. No. 6,767,948. Another method
that may be used as a tie layer or as a primer for
bonding fluoropolymers involves the use of an amino
substituted organosilane. The method is fully
disclosed in U.S. Pat. No. 6,753,087. The organosilane
may optionally be blended with a functionalized
polymer. Adhesion between layers may also be
accomplished in a variety of ways including the
application of anhydride or acid modified polyolefins,
the application of silane primers, utilization of
electron beam radiation, utilization of ultraviolet
light and heat, corona treatments or combinations
thereof. Those of ordinary skill in the art are
capable of matching the appropriate conventional
bonding techniques to the selected multilayer
materials to achieve the desired level of interlayer
adhesion. The resulting solar module backside film
comprising a PET film and a polymer layer has a
reflectivity of at least 50% at a point in the visible
range of light or within a range of about 450 to about
700 nm and more preferably over the majority of the
light range which can be utilized by a solar cell to
generate electricity. More preferred, the solar module
backside film may have a reflectivity of 70% or 80% or
more. The reflectivity may be contributed in part or
augmented by other layers in the solar module backside
film. Preferably, the PET film itself provides a
majority of the reflectivity. The incorporation of
opacifying additives may mechanically weaken the PET
film leading to pre-mature embrittlement when exposed
to environmental conditions. Embrittlement of the film
is witnessed by the eventual cracking of the PET film
during damp heat exposure when laminated to the back
of a solar module as a solar module backside film. The
solar panel backside film can be assessed by bonding
the film to a glass panel or solar module and
subjecting the construction to the same previously
described damp heatconditions. At the end of the test
period, the construction is removed from the damp heat
and allowed to cool to ambient. If the PET film does
not retain sufficient properties, it will exhibit
cracks. These cracks will be visible to the eye,
especially if the PET film is not covered with other
layers of opaque materials. Preferably, the PET film,
when laminated to the backside of a solar module as a
solar module backside film will not crack after 2000
hours of exposure to the damp heat. The PET film can
also be extracted from the solar panel backside film
after damp heat aging and its mechanical properties
measured. Preferably, the PET film after the 2000
hours of damp heat exposure will have at least 2%
elongation to break, more preferred 5% or even 10% or
more. The test method for measuring elongation break
is described in the examples section. Solar Module A
solar module or panel typically comprises a layer of
glass with one or more elements capable of generating
electricity via the photoelectric effect. The elements
are electrical connected and typically encapsulated in
a polymer to isolate and adhere them to the glass. The
solar module backside film is adhered behind the
electron generating elements to form the solar module.
The Solar panel backside film may be adhered directly
to an encapsulant material or by through other
conventional means such as tie layers or adhesive
layers. The build up of the solar module utilizing the
solar panel backside film of the present invention is
accomplished through conventional means. Examples The
following test procedures are used in conjunction with
the present invention: Reflectivity : Reflectivity was
measured as Total Luminous Reflectance (TLR) at eight
degrees incidence. Measurements were made on a Perkin
Elmer Lambda 950 instrument fitted with a 150mm
integrating sphere accessory, per ASTM E903.Peel
Testing: Peel testing was per ASTM D1876-02 using an
Instron tensometer, model 5564 with Merlin software
package. Samples of film were cut to 1/2" wide x 6"
length. The peel interface was started and peeled ~1".
The peeled PET layer was placed in the lower jaw. The
polymer layer was placed in the upper jaw. Samples
were peeled at 6 in/min for a crosshead travel length
of 6 inches. Average peel value in N/cm and pli is
reported via an integral calculation performed on the
most stable part of the load vs. extension curve.
Results are reported as an average of 5 samples.
Elongation to break testing: can be measured per ASTM
D882 at an extension rate of 2 inches/min using
l/2inch samples and averaging the results of at least
5 specimens. Comparative Example 1 A commercially
available 3 mil white opaque PET film designated as
WDW from Mitsubishi, Greer, S.C , was subjected to
damp heat conditions of 85C and 85% relatively
humidity. Its elongation to break was measured every
10 days. At 70 days, the film had no measurable
elongation and readily cracked. The net peak area from
Tg endpoint to 230 0C was 15 J/g. Comparative Example
2 A sample of opaque, white PET film designated as
Melinex 329 from E. I . du Pont de Nemours and
Company; Wilmington DE, was tested as in comparative
example 1. The last measurable elongation to break
value was 1.8% at 50 days. PET film preparation PET
film example 1: PET film was made on a production
scale tentering line. The base resin was a polymer of
DMT and ethylene glycol with an initial IV of about
0.59. To which was added 15% of a 0.74 IV, Eastapak
7352 PET resin, about 13% of TiO2 from a 50%
concentrate and 1% of OB-I optical brightener via a
masterbatch all from Eastman Chemical Co, Kingsport,
TN. All percentages are given as weight percentages of
the final PET film composition. The cast web was
pre-heated to within a range of about 78 0C to 82 0C
and stretched 3.23:1 in the machine direction.
Subsequently, the film was further heated into the
range about 97 0C to 103 0C andthen stretched 4.3:1 in
the transverse direction during a period of about 9
seconds. The heat set zone temperatures were set at an
average of about 235 0C and the residence time was
about 9 seconds. Upon exiting the heat set zone, the
web entered a first cooling zone of about 90 0C to 100
0C followed by a second cooling zone of about 40 0C to
50 0C. The time in each cooling zone was about 3
seconds. The resultant film was nominally 3 mils thick
and had an opacity of about 95% and was exposed to a
second brief thermal exposure of 180 0C under reduced
constraint. The resultant film had shrinkage values of
0.81% in the machine direction and 1.02% in the
transverse direction measured at 150 0C for 15
minutes. The net peak area as measured by DSC from
endpoint of glass transition to 230 0C was - 5 J/g.
This film was subjected to the same damp heat test
conditions of comparative example 1 and measured 13.4%
at 80 days and 4.4% at 100 days PET film example 2 was
made as described for PET film example 1 except that
the temperature in the heat set zone was reduced to
225 0C. The resultant film had a 



shrinkage of 1.53% in the machine direction and 1.65%
in the transverse measured at 150 0C for 15 minutes.
The net peak area as measured by DSC from endpoint of
glass transition to 230 0C was - 1.93 J/g. This film
was subjected to the same damp heat test conditions of
comparative example 1 and measured 47.3% at 80 days
and 6.0% at 100 days PET film samples 1 and 2 were
each treated to an additional heat exposure at 150 0C
for 10 minutes to reduce their shrinkage to near zero
percent when measured at 150 0C for 15 minutes. This
additional heat treatment did not appear to affect
their embrittlement life.What is claimed is: 1. A
solar panel backside film, comprising: a) a
polyethylene terephthalate film having, (i) a net peak
area as measured by differential scanning calorimetry
of about -15 J/g to about 5 J/g measured from the
endpoint of its glass transition point up to 230 0C,
and (ii) an additive to opacify the polyethylene
terephthalate film and, b) a polymeric layer adhered
to the polyethylene terephthalate film to create a
solar panel backside film, wherein the solar panel
backside film has a reflectivity of 50% or greater at
a point in the visible range of light, and wherein the
solar panel backside film, when applied to a solar
panel and exposed to 2000 hours at 85 0C and 85 %
relative humidity, does not result in exfoliation or
visible cracks in the polyethylene terephthalate film.
2. A solar panel backside film according to claim 1,
wherein the net peak area as measured by differential
scanning calorimetry is about -7 J/g to about 0 J/g
measured from the endpoint of its glass transition up
to 230 0C. 3. A solar panel backside film according to
claim 1, wherein the solar panel backside film
exhibits after exposure to 2000 hours at 85 0C and 85
% relative humidity an adhesion failure mechanism
between the polyethylene terephthalate film and
polymeric layer that is not cohesive within the
polyethylene terephthalate film. 4. A solar panel
backside film according to claim 1, wherein the
reflectivity is 70% or greater at a point in the
visible range of light. 5. A solar panel backside film
according to claim 1, wherein the polymeric layer
comprises is polyolefin.6. A solar panel backside film
according to claim 1, wherein a layer providing UV
protection is applied to the outside facing surface of
the solar panel backside film on a side opposing the
polymeric layer. 7. A solar panel backside film
according to claim 1, wherein the polymeric layer
comprises a fluoropolymer. 8. A solar panel backside
film according to claim 7, wherein the fluoropolymer
comprises polymerized units selected from
vinylfluoride, vinylidenefluoride,
tetrafluoroethylene, or combinations thereof and
optionally other fully fluorinated, partially
fluorinated or non-fluorinated monomers. 9. A solar
panel backside film according to claim 7, wherein the
fluoropolymer is selected from polyvinylfluoride,
polyvinylidene fluoride,
ethylene-co-tetrafluoroethylene polymers, or
copolymers of tetrafluoroethyelene,
hexafluoropropylene or vinylidene fluoride. 10. A
solar panel backside film according to claim 1,
wherein the solar panel backside film has a shrinkage
of less than 1% measured at 15O0C when held for 15
minutes in accordance with ASTM 2305-02. 11. A solar
panel backside film according to claim 1, wherein the
adhesion of the polyethylene terephthalate film to the
polymeric layer is at least 1 pound per linear inch
after 2000 hours of exposure to 85 0C and 85 %
relative humidity. 12. A solar panel backside film
according to claim 1, wherein the polyethylene
terephthalate film exhibits an elongation to break of
at least 10% after 2000 hours of exposure to 85 0C and
85 % relative humidity. 13. A solar panel backside
film according to claim 1, wherein the additive is
present at a level of 10% by weight or greater.14. A
solar panel backside film according to claim 13,
wherein the additive comprises TiO2. 15. A film,
comprising : (a) A polyethylene terephthalate film
having an intrinsic viscosity of 0.60 or greater; and
(b) at least one other polymeric layer adhered to the
polyethylene terapthalate to create a solar film,
wherein the solar film when applied to a solar panel
and exposed to 2000 hours of 85 0C and 85 % relative
humidity, the polyethylene terephthalate film does not
exhibit visible cracks or exfoliation. 16. The solar
panel backside film according to claim 15, wherein the
solar panel backside film exhibits a shrinkage of less
than 1% in the machine direction measured at 150 0C
and a reflectivity in the visible light range of 70%
or greater. 17. A solar panel comprising: (a) glass,
(b) a plurality of solar cells encapsulated in a
polymer and adhered to the glass; and (c) the solar
panel backside film according to claim 1 adhered to
the polymer on a surface opposite the glass. 18. The
solar panel according to claim 17, wherein the solar
panel backside film is treated to address adherence to
the polymer.19. A method of making a solar panel
backside film, comprising a) providing a polyethylene
terephthalate film having, (i) a net peak area as
measured by differential scanning calorimetry of about
-15 J/g to about 5 J/g measured from the endpoint of
its glass transition point up to 230 0C, and (ii) an
additive to opacify the polyethylene terephthalate
film and, b) applying a polymeric layer to the
polyethylene terephthalate film to create a solar
panel backside film, wherein the solar panel backside
film has a reflectivity of 50% or greater at a point
in the visible range of light, and wherein the solar
panel backside film, when applied to a solar panel and
exposed to 2000 hours at 85 0C and 85 % relative
humidity, does not result in exfoliation or visible
cracks in the polyethylene terephthalate film. 20. A
solar panel comprising: (a) glass, (b) a plurality of
solar cells encapsulated in a polymer and adhered to
the glass; and (c) the solar panel backside film
according to claim 15 adhered to the polymer on a
surface opposite the glass. 


