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COMPOUNDS WITH ACTIVITY AT ESTROGEN RECEPTORS

FIELD OF THE INVENTION

[0001] This invention relates to the fields of organic chemistry,
pharmaceutical chemistry, biochemistry, molecular biology and medicine. In particular it
relates to compounds that modulate the activity of the Estrogen receptors, and to the use
of the compounds for the treatment and prevention of diseases and disorders related to the
Estrogen beta receptor.

DESCRIPTION OF THE RELATED ART

[0002] Estrogen receptors (ER) belong to the family of nuclear hormone
receptors. Nuclear hormone receptors define a superfamily of ligand activated
transcription factors (Evans, 1988, Science 240:889). Members of this family are typically
characterized by the presence of conserved modular domains: a zinc finger DNA binding
domain (DBD) triggers the interaction of the receptor with specific response elements at
the DNA site, a ligand binding domain (LBD) adjacent to the DBD, and two
transcriptional activation domains AF-1 and AF-2 ligand-independent and ligand-
dependent, respectively (Nilsson, 2002, SERMs: Research and clinical applications, Eds:
Humana Press Inc, 3). Upon ligand binding to the receptor, a conformational change
occurs within the LBD bringing the AF-2 domain in closer proximity and allowing for the
recruitment of co-activators. Co-activators create a pilysical interaction between the
nuclear hormone receptor and components of the transcriptional machinery, establishing
transcriptional modulation of target genes.

[0003] Two estrogen receptor subtypes have been identified: ER alpha (ERa,
NR3AL1) (Green, 1986, Nature 320:134; Greene, 1986, Science 231:1150) and ER beta
(ERP, NR3A2) (Kuiper, 1996, PNAS 93:5925). Both receptors bind to the endogenous
natural ligand 17 estradiol with comparable high affinity and modulate the
transcriptional activity of target genes through classical estrogen response elements
(reviewed in Nilsson, 2005, Bas Clin Pharm Tox, 96:15). More recently, it has been
demonstrated that estrogen receptors can mediate non classical actions (reviewed in
Osborne, 2005, J Clin Oncol 8:1616): (1) non classical transcriptional regulation in which
ERs function as co-activators on alternate regulatory DNA sequences, (2) non genomic or

membrane-initiated steroid signaling in which ERs evoke rapid cytoplasmic signaling,
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and (3) crosstalk with Receptor Tyrosine Kinases (RTKS). Interestingly enough, their
ligand binding domains (LBD) only share 56% amino acid identity which suggest that
they might accommodate different ligands and thus mediate different or even opposite
effects (Kuiper, 1997, FEBS Lett, 410:87). Moreover, the distribution pattern of the two
receptors is quite different (reviewed in Mathews, 2003, Mol Interv 3:281). Both ERs are
widely distributed both peripherally and in the brain, displaying distinct and sometimes
overlapping patterns in a variety of tissues. ERa is expressed primarily in the uterus, liver,
kidney and heart. On the other hand ERp is present mainly in the ovary, prostate, lung,
gastrointestinal tract, bladder, hematopoietic and central nervous system (CNS). ERB
specific localization in the CNS includes the hippocampus and thalamus (Osterlund,
2001, Prog Neurobiol 64:251; Ostlund, 2003, Ann NY acad Sci 1007:54). ERa and ERf
are co-expressed in the mammary gland, epididymis, thyroid, adrenal, bone and the dorsal
root ganglia of the spinal cord and the cerebral cortex of the brain.

[0004] The characterization of mice lacking ERo or ERP has provided insight
into the physiology of estrogen receptors (reviewed in Hewitt, 2000, Breast Cancer Res
2:345; Couse, 1999, Endoc Rev 20:358). Both ERa male and female null mice are
infertile because of dysfunction in spermatogenesis and ovulation, respectively. In
addition, null females display a lack of sexual behavior, increased aggression and
infanticide. Null male exhibit normal mounting behavior but a complete lack of
intromission and ejaculation. They also show reduced aggression. In contrast, ER} null
female mice are subfertile with reduced littermates. Male counterparts show no apparent
defects in their reproductive tract. The neuroendoctine system is significantly altered n
ERo null mice in contrast to ERP null mice which do not show any impairment.
Moreover, the knock-out of ERc. in mice leads to absence of breast tissue development,
lower bone density and impaired glucose tolerance. Knock out studies of ER led to
controversial results with some studies being unable to see an effect on bone density
(Lindberg, 2002, J Bone Min Res 17:555), whereas other reports suggested an increase in
trabecular bone volume in females only due to decreased bone resorption (reviewed in
Windahl, 2002, Trends Endoc Metab, 13:195). Interestingly enough, morphological
alterations in the brains of mice lacking ERP are evident (Wang, 2001, PNAS 98:2792)
associated with impaired neuronal survival (Wang, 2003, PNAS 100:703), and lead to

speculate that ERB could have an important role in protecting from neurodegenerative
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disorders such as Alzheimer and Parkinson diseases, and potentially from those resulting
of trauma and cardiovascular insults. This is further supported by experimental studies
indicating a neurotrophic and neuroprotective role for estrogens (reviewed in Wise, 2002,
Trends Endocrinol Metab 13:229; Behl, 2003, J Steroid Biochem Mol Biol 83:195).

[0005] More recently, the use of a relatively selective ERB agonist has
unraveled a prominent role in inflammation for this subtype (Harris, 2003, Endoc
144:4241). Beneficial effects were seen in animal models of inflammatory bowel disease
and adjuvant-induced arthritis. Indeed, ERP is expressed both in the intestine and in
immune cells. Moreover, ERp null studies have suggested a role in thymus function
(Erlandsson, 2001, Immunol 103:17) as well as in pulmonary inflammation (Patrone,
2003, Mol Cell Biol 25:8542). Interestingly though, no effects associated with classical
estrogen function was evident through the use of this ER} agonist (Harris, 2003, Endoc
144:4241). In particular, that ligand was inactive in mammotrophy, bone density and
ovulation in vivo assays. This data is to a certain extent in contrast to a variety of studies
including human polymorphisms, knock-out animals, tissue distribution, that argue for a
role of ERB in bone and ovulation homeostasis. Other therapeutic roles for selective ERP
agonists have also been proposed including prostate and breast cancer, autoimmune
diseases, colon cancer, malignancies of the immune system, neurodegeneration,
cardiovascular function, bone function (reviewed in Koehler, 2005, Endocr Reviews, DOI
10.1210).

SUMMARY OF THE DISCLOSURE

[0006] One embodiment disclosed herein is a compound of formula (I):

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;
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R; is selected from the group consisting of hydrogen, C;-Cg straight chained or
branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroalicyclyl, sulphonyl, Ci-Cg straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORg, and -C(=Z)N(Re)2;

Rz, Roa, Raov, Ry, are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, —ORgs, -NRgRg, -NRgNRgReb, -NRgN=CR4:R¢b,
NReCRs:)"NRg, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NRgRes, -N(Re)-C(=Z)Rsz
N(Rg)-C(=Z)NRepRe, -OC(=Z)R¢, -N(Rg)-S(=0)2Re3, and —SR;

each Rs is separately selected from the group comsisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =0, and —ORs, or are separately absent to accommodate a
double bond;

two R groups are optionally bound together to form a substituted or unsubstituted
C3-Cy cycloalkyl or C3-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

Ry, Ry, Rap, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
halogen, sulfonyl, perhaloalkyl, —ORg, -NRsRea, -NRgNReaReb, -NRgN=CRg.Rgp,
N(R¢)C(Rg)=NRgp, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NR¢Rea, -S(=Z)NR¢Rsa,
N(Rg)-C(=Z)Rgz, -NRe)-C(=Z)NRe:Res, -OC(=Z)Rs, -N(R¢)-S(=0)2Re3, and —SRs;

R4, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group comsisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢RG,, -C(=0)R¢, -NRgRea, -COORg,
and perhaloalkyl;

Z is oxygen or sulfur; and
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Rs, Res and Rgy, are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl;

provided that the compound is not selected from the group consisting of:
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[0007] In one embodiment of the compound of formula I, n is an integer
selected from the group consisting of 3, 4, and 5; R, is selected from the group consisting
of hydrogen, C;-C straight chained or branched alkyl, C;-Cy straight chained or branched
alkenyl, C;-Cy straight chained or branched perhaloalkyl, and substituted or unsubstituted
aryl; Ry, Ras, Rop, Ry are separately selected from the group consisting of hydrogen, C;-Cs
straight chained or branched alkyl, C;-Cs alkenyl, hydroxy, halogen, sulfonyl,
perhaloalkyl, -CN, —ORg, -C(=O)Rs, -C(=0)ORs, -C(=O)NReRsz, -N(Rg)-C(=O)Rez,
-N(R6)-S(=0)2Rs2, -OC(=0)Rs, and —SRg; each Rj is separately selected from the group
consisting of hydrogen, C;-Cs straight chained or branched alkyl, C;-Cs alkenyl,
cycloalkyl, cycloalkenyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORs, or
each Rj is separately absent to accommodate a double bond; R4, Raa, Rap, R4c are separately
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selected from the group consisting hydrogen, C;-Cs straight chained or branched alkyl,
Ci-Cs alkenyl, hydroxy, halogen, sulfonyl, perhaloalkyl, —ORs, -CN, -C(=O)Rg,
-C(=0)ORg, -C(=O)NRgRss, -S(=0):NR¢Rg, -N(Re)-C(=O)Res -OC(=Z)Rs,
-N(R¢)-S(=0)2Rea, and —SRg; and Rs is selected from the group consisting of hydrogen,
C,-Cs straight chained or branched alkyl, halogen, -CN, —SR, sulfonyl, -OCF3, and
perhaloalkyl.

[0008] In another embodiment of the compound of formula L n is 3; Ry is
selected from the group consisting of hydrogen, C;-Cs straight chained or branched alkyl,
substituted or unsubstituted aryl; Ry, Ras, Ron, Roc are separately selected from the group
consisting of hydrogen, C;-Cs straight chained or branched alkyl, F, Cl, Br, perhaloalkyl, -
CN, —OR, -C(=O)R¢, and —SRg; each Rj is separately selected from the group consisting
of hydrogen, C;-Cs straight chained or branched alkyl, Ci-Cs alkenyl, cycloalkyl, halogen,
perhaloalkyl, -CN, and —ORs, or each Rj is separately absent to accommodate a double
bond; each Ry, Rag, Rap, Ruc is separately selected from the group consisting hydrogen, C;-
Cs straight chained or branched alkyl, halogen, sulfonyl, perhaloalkyl, —ORs, -CN,
-N(R¢)-S(=0)2R¢,, and —SRe; and Ry is selected from the group consisting of hydrogen,
C;-Cs straight chained or branched alkyl, F, Cl, -CN, —SRe, -OCFs3, and CFs.

[0009] In various embodiments, the compound of formula I is selected from

the group consisting of:
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or a pharmaceutically acceptable salt or prodrug thereof.

[0010] .Another embodiment disclosed herein is a pharmaceutical
composition, comprising a pharmaceutically acceptable amount of a compound of
formula L

[0011] Another embodiment disclosed herein is a method of treating or

preventing disorders selected from the group consisting of inflammatory bowel syndrome;
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Crohn’s disease; ulcerative proctitis or colitis; prostatic hypertrophy; uterine
lelomyomnas; breast carcinoma; endometrial carcinoma; polycystic ovary syndrome;
endometrial polyps; benign breast disease; adenomyosis; ovarian carcinoma; melanoma;
prostate carcinoma; colon carcinoma; brain tumors including glioblastoma, astrocytoma,
glioma, or meningioma; prostatitis; interstitial cystitis; bone density loss including
osteoporosis or osteopenia; discholesterolemia; dislipidemia; cardiovascular disease;
atherosclerosis; hypertension; peripheral vascular disease; restenosis; vasospasm;
neurodegenerative disorders including Alzheimer’s disease, Huntington’s disease,
Parkinson’s disease or other dementias; cognitive decline; stroke; anxiety; vaginal
atrophy; vulvar atrophy; atrophic vaginitis; vaginal dryness; pruritus; dyspareunia;
frequent urination; urinary incontinence; urinary tract infections; vasomotor symptoms
including flushing or hot flashes; arthritis including rheumatoid arthritis, osteoarthritis, or
arthropathiesendometriosis; psoriasis; dermatitis; asthma; pleurisy; multiple sclerosis;
systemic lupus erthematosis; uveitis; sepsis; hemmorhagic shock; type II diabetes; acute
or chronic inflammation; lung disorders including asthma or chronic obstructive
pulmonary disease; ophthalmological disorders including glaucoma, dry eye, or macular
degeneration; and free radical induced disease states; including:

identifying a subject in need of the treating or preventing; and

administering to the subject a pharmaceutically effective amount of a compound

of formula I:

Y

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, Ci-Cs straight chained or
branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
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unsubstituted heteroalicyclyl, sulphonyl, C;-Cg straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

Ry, Ras, Row, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, —ORs, -NRgRea, NR¢NRsRsp, -NReN=CRgaRep,
NRe)CRe:)*NRgy,, -C(=Z)Rs, -CEZ)ORs, -CEZ)NReRes,  -N(Re)-C(=Z)Rez,
N(R6)-C(=Z)NR R 63, “OC(=Z)Rs, -N(Re)-S(=O)2R6a, and —SRs;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =O, and —ORe, or are separately absent to accommodate a
double bond;

two Rj groups are optionally bound together to form a substituted or unsubstituted
C5-Co cycloalkyl or C3-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

Rs, Rag, Rap, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
halogen, sulfonyl, perhaloalkyl, —ORs, -NRgRea, NR¢NRg:Rsp, -NRsN=CRezReb,
NRoC(Re)=NRgy, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NReRea, -S(=Z)NR¢Res,
N(R)-C(=Z)Rss, -N(R¢)-C(=Z)NRgpRea, -OC(=Z)Rs, -N(R¢)-S(=0)2R¢s, and —SRg;

Ry, and Ry are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NRsRsa, -C(=0)R¢, -NR¢Rs,, -COORs,
and perhaloalkyl;

Z is oxygen or sulfur; and

Re, Res and Re, are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
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cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl.

[0012] In some embodiments, the disorder is selected from the group
consisting of inflammatory bowel syndrome, Crohn’s disease, and ulcerative proctitis or
colitis.

[0013] In some embodiments, the disorder is selected from the group
consisting of prostatic hypertrophy, uterine leiomyomnas, breast carcinoma, endometrial
carcinoma, polycystic ovary syndrome, endometrial polyps, benign breast disease,
adenomyosis, ovarian carcinoma, melanoma, prostate carcinoma, colon carcinoma, and
brain tumors including glioblastoma, astrocytoma, glioma, or meningioma.

[0014] In some embodiments, the disorder is selected from the group
consisting of prostatitis and interstitial cystitis.

[0015] In some embodiments, the disorder is bone density loss including
osteoporosis and osteopenia.

[0016] In some embodiments, the disorder is selected from the group
consisting of discholesterolemia and dislipidemia.

[0017] In some embodiments, the disorder is selected from the group
consisting of cardiovascular disease, atherosclerosis, hypertension, peripheral vascular
disease, restenosis and vasospasm.

[0018] In some embodiments, the disorder is a neurodegenerative disorder
including Alzheimer’s disease, Huntington’s disease, Parkinson’s disease or other
dementia.

[0019] In some embodiments, the disorder is selected from the group
consisting of cognitive decline, stroke, and anxiety.

[0020] In some embodiments, the disorder is selected from the group
consisting of vaginal atrophy, vulvar atrophy, atrophic vaginitis, vaginal dryness, pruritus,
dyspareunia, frequent urination, urinary incontinence, and urinary tract infections.

[0021] In some embodiments, the disorder is one or more vasomotor
symptoms including flushing or hot flashes.

[0022] In some embodiments, the disorder is endometriosis.

[0023] In some embodiments, the disorder is arthritis including rheumatoid
arthritis, osteoarthritis, or arthropathies.
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[0024] In some embodiments, the disorder is selected from the group
consisting of psoriasis and dermatitis.

[0025] In some embodiments, the disorder is selected from the group
consisting of asthma and pleurisy.

[0026] In some embodiments, the disorder is selected from the group
consisting of multiple sclerosis, systemic lupus erthematosis, uveitis, sepsis, and
hemmorhagic shock.

[0027] In some embodiments, the disorder is type II diabetes.

[0028] In some embodiments, the disorder is selected from the group
consisting of acute and chronic inflammation.

[0029] In some embodiments, the disorder is a lung disorders including
asthma or chronic obstructive pulmonary disease.

[0030] In some embodiments, the disorder is an ophthalmologic disorders
- including glaucoma, dry eye, ormacular degeneration.

[0031] In some embodiments, the disorder is a free radical induced disease
state.

[0032] Another embodiment disclosed herein is a method of hormonal
replacement therapy, comprising:

identifying a subject in need of hormonal replacement; and

administering to the subject a pharmaceutically effective amount of a compound

of formula I:

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;
R, is selected from the group consisting of hydrogen, C;-Cs straight chained or
branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
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substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

Ry, Raa, Rop, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, -ORs, -NRe¢Re, NRgNRg:Rgp, -NRsN=CReg:Rep,
NR¢)CRe:)"NRgy, -C(=Z)Rs, -CEZ)ORs, -C(=Z)NReRea, -NRe)-C(=Z)Ren,
“N(Re)-C(=Z)NRg»Rea, -OC(=Z)Rs, -N(R¢)-S(=0)2Rea, and —SRg;

each R; is separately selected from the group conmsisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =0, and —ORs, or are separately absent to accommodate a
double bond;

two Rs groups are optionally bound together to form a substituted or unsubstituted
C3-Cy cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

Ry, Rys, Rap, Ry, are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
halogen, sulfonyl, perhaloalkyl, —ORs, NR¢R¢s, -NReNRgRep, -NRsN=CRgaRep,
NRe)C(Re:)=NRgy, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NReRsa, -S(=Z)NReRe,
“N(Re)-C(=Z)Rsz, -N(Rs)-C(=Z)NRg:Rs2, -OC(=Z)R¢, -N(R¢)-S(=0):Rez, and —SRg;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NR¢Rea, -C(=0)R¢, -NRgRga, -COORg,
and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Rga and Repy are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or

unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
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cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl.

[0033] Another embodiment disclosed herein is a method of lowering
cholesterol, triglycerides, or LDL levels, comprising:

identifying a subject in need of the lowering; and

administering to the subject a pharmaceutically effective amount of a compound

of formula I:

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, Ci-Cs straight chained or
branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

Rz, Raa, Rov, Roc are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, -OReg, NRgRgs, -NR¢NRgRep, -NRsN=CRg:Rep,
N(R¢)C(Rs)"NRgp, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NRsRsa, -N(Re)-C(ZZ)Rea,
N(Rs)-C(=Z)NRg,Ra, -OC(=Z)Rs, -N(R)-S(=0)2R¢z, and —SRs;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =O, and —ORs, or are separately absent to accommodate a
double bond;
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two R3 groups are optionally bound together to form a substituted or unsubstituted
C3-Cy cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

R4, Rug, Rap, Ryc are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
halogen, sulfonyl, perhaloalkyl, —ORgs, -NRgRes, -NR¢NReRep, -NReN=CReRep,
‘N(R¢)C(Re:)"NRgp, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NReRes, -S(=Z)NR¢Rss,
N(R¢)-C(=Z)Res, -NRe)-C(=Z)NRe:R6a, -OC(=Z)Rs, -N(Re)-S(=0):R¢z, and —SRg;

R4, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢R,, -C(=O)Re, -NReRsa, -COORs,
and perhaloalkyl;

Z is oxygen or sulfur; and

Re, Re, and Rgp, are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl.

[0034]  Another embodiment disclosed herein is a method of treating impaired
cognition or providing neuroprotection, comprising:

identifying a subject in need of the treating or neuroprotection; and

administering to the subject a pharmaceutically effective amount of a compound

of formula I:
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@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, C;-Cg straight chained or
branched alkyl, C;-Cs straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroalicyclyl, sulphonyl, C1-Cs straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

Ry, Ras, Rav, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, -ORe, NRgR¢a, -NRsNRgRgh, -NRgN=CRg.Rep,
NRe)CRe)=NRp, -C(=Z)Rs, -C(=Z)ORs, -CEZ)NReRes -N(Re)-C(=Z)Rea,
N(Re)-C(=Z)NRg,Rgz, -OC(=Z)Rs, -N(Re)-S(=0):Rs, and —SRe;

each R is separately selected from the group conmsisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =O, and —ORs, or are separately absent to accommodate a
double bond;

two R groups are optionally bound together to form a substituted or unsubstituted
C3-Co cycloalkyl or C;3-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

R4, Raa, Rap, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
halogen, sulfonyl, perhaloalkyl, —OReg, NR¢Rga, -NRgNRgRep, -NRsN=CResaRep,
N(R¢)C(Rs)"NRgy, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NR¢Res, -S(=Z)NR¢Re,

| N(Re)-C(=Z)Rea, -N(Re)-C(=Z)NRg:R g3, -OC(=Z)Rs, -N(Re)-S(=0)2Rea, and ~SRe;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;
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Rs is selected from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢Rss, -C(=0)R¢, -NR¢R¢a, -COORG,
and perhaloalkyl;

Z is oxygen or sulfur; and

R¢, Re and Rgp, are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl.

[0035] Another embodiment disclosed herein is a method of preventing
conception, comprising administering to a subject a pharmaceutically effective amount of

a compound of formula I:

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R; is selected from the group consisting of hydrogen, C;-Cs straight chained or
branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroalicyclyl, sulphonyl, C;-Cj straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Rg)z;

Rz, Raa, Rov, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, -ORs -NRgRe, -NReNRgRey, -NReN=CRe:Rep,
NReCRe)=NRg, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NRgRes, -N(Re)-C(=Z)Rez,
-N(R6)-C(=Z)NRguRsa, -OC(=Z)Rs, -N(R6)-S(=0)2R¢z, and ~SRs;
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each R, is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =O, and —ORs, or are separately absent to accommodate a
double bond;

two Rs groups are optionally bound together to form a substituted or unsubstituted
C3-Co cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

R4, Rya, Rap, Ry are separately selected from the group consisting §f hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
halogen, sulfonyl, perhaloalkyl, —ORs, NR¢R¢a, -NRsNRgRep, -NR¢N=CRes:Reb,
NR¢CRe:)*NRgp, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NReRgs, -S(EZ)NR¢Re,
N(R¢)-C(=Z)Res, -N(Re)-C(=Z)NReg:Rga, -OC(=Z)Rs, -N(R6)-S(=0)2R¢a, and —SRg;

R4, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢Res, -C(=0)Rs, -NReRea, -COORs,
and perhaloalkyl;

Z is oxygen or sulfur; and

Re, Rs, and Ry are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl.

[0036] Another embodiment disclosed herein is a method of modulating or
specifically agonizing one or more Estrogen receptors, comprising:

identifying a subject in need of the modulating or agonizing; and

administering to the subject an effective amount of a compound of formula I:

22



WO 2005/108337 PCT/US2005/015221

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, Ci-Cs straight chained or
branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl, cycloalkenyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained or branched perhaloalkyl,
-C(=Z)Rs, -C(=Z)ORs;, and -C(=Z)N(Re)2;

Ry, Roa, Rop, Ry are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, —-ORs, -NR¢Rs, NR¢NRgs:Rgp, -NRgN=CRsaRep,
NReCRe)NRg, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NReRes, -N(Re)-C(=Z)Rsa,
N(R¢)-C(=Z)NR Rz, -OC(=Z)R¢, -N(R¢)-S(=0)2Rez, and —SRs;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or are separately absent to accommodate a
double bond;

two R groups are optionally bound together to form a substituted or unsubstituted
Ci-Cy cycloalkyl or C;-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected from
the group consisting of a single bond and a double bond;

Rs, Raa, Rap, Ry, are separately selected from the group consisting of hydrogen,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy, nitro,
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halogen, sulfonyl, perhaloalkyl, —ORs, -NReRes, -NReNReaReb, -NReN=CRs:Rebs
NRs)C(Rs2)=NRep, -CN, -C(=Z)Rs, -C(=Z)ORs, -C(=Z)NReRga, -S(=Z)NReRss,
-N(R¢)-C(=Z)Rea, -N(R6)-C(=Z)NRgpRg2, -OC(=Z)Rs, -N(R6)-S(=0)2R¢a, and —SRe;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl, cycloalkyl,
cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢Rea, -C(=O)Rs, -NRgRsa, -COOReg,
and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Rea and Ry, are separately selected from the group consisting of hydrogen,
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heteroalicyclyl.

[0037] In various embodiments of the methods described above, the

compound is selected from the group consisting of:
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[0038] In other erﬁbodiments of the methods described above, the compound

is not selected from the group consisting of:
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BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIGURE 1 depicts agonist activity of ERB-002 at the estrogen
receptors as evaluated using the Receptor and Selection Amplification (R-SAT)
technology.

[0040] FIGURE 2 is a graph depicting rat paw hot plate latency illustrating the
reversal of thermal hyperalgesia by ERB-002.

[0041] FIGURE 3 is a graph depicting rat paw thickness illustrating the
reversal of edema by ERB-002.

[0042] FIGURE 4 is a bar graph depicting uterine weight illustrating that

ERB-002 does not display uterotrophic properties in vivo in immature female rats.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0043] In various embodiments, compounds having the formula (I) and
methods for using these compounds for treating disorders related to estrogen receptors are

provided:

@

In some embodiments, pharmaceutically acceptable salt or prodrugs of the compound of

formula I are provided. In the compound of formula I:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R; is selected from the group conmsisting of hydrogen, C;-Cg straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORg, and -C(=Z)N(Re)2;

Rz, Ras Rop, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NR¢Ra,

~ -NR¢NRgRep, -NRgN=CRgRep, -N(Rg)C(Rsa)=NRgp, -C(=Z)Rs, -C(=Z)ORs,
-C(=Z)NRgR¢s,  -NRg¢)-C(=Z)Rgs,  -N(Ro)-C(=Z)NRgRes,  -OC(=Z)Rs,
-N(R¢)-S(=0)2R¢a, and —SRg;

each Ry is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORg, or are separately absent to

accommodate a double bond;
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HO
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two Rs groups are optionally bound together to form a substituted or
unsubstituted Cs-Cy cycloalkyl or C;-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

Rs, Rus, Rap, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORs, -NReRg,
-NR¢NRs:Reb, -NRsN=CRgReb, -N(Rs)C(Rea)=NRgp, -CN, -C(=Z)Rs, -C(=Z)ORs,
-CEZ)NReRss,  -S(FZ)NR¢Rss, -N(R¢)-C(=Z)Res,  -N(Re)-C(=Z)NRepRez,
-OC(=Z)Rs, -N(R¢)-S(=0):R 62, and —SRs;

Rua and Ryp are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRs, sulfonyl, -C(=O)NRgRsa,, -C(=O)Rs,
-NR¢Rsa, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, R, and Rgy, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

In some embodiments, compounds are provided according to formula I but

excluding the compounds selected from the group consisting of:
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[0044] In some embodiments of the compound of formula I:

n is an integer selected from the group consisting of 3, 4, and 5;

R, is selected from the group consisting of hydrogen, Ci-C4 straight
chained or branched alkyl, C;-Cy straight chained or branched alkenyl, Ci-Cy4
straight chained or branched perhaloalkyl, and substituted or unsubstituted aryl;

' Ry, Raa, Rop, Ry are separately selected from the group consisting of
hydrogen, C;-Cs straight chained or branched alkyl, C,-Cs alkenyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, -OReg, -C(=0)Rqs, -C(=O)ORs,
-C(=0)NR¢Rs3, -N(R)-C(=0)Rsa, -N(R¢)-S(=0)2Rsa, -OC(=O)Rg;, and —SRe;

each Rj is separately selected from the group consisting of hydrogen, C;-
Cs straight chained or branched alkyl, C;-Cs alkenyl, cycloalkyl, cycloalkenyl,
hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or each Rj is
separately absent to accommodate a double bond;

R4, Rua, Rap, Ry, are separately selected from the group consisting hydrogen,
C;-Cs straight chained or branched alkyl, C;-Cs alkenyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, —ORs, -CN, -C(=0)Rs, -C(=O)ORg, -C(=O)NR¢Rga,
-S(=0)2NR6Rs,, -N(Rg)-C(=O)R¢a, ~-OC(=Z)Rs, -N(R6)-S(=0)2Rgs, and —SR¢; and

Rs is selected from the group consisting of hydrogen, C;-Cs straight
chained or branched alkyl, halogen, -CN, —SRg, sulfonyl, -OCF3, and perhaloalkyl.
[0045] In other embodiments of the compound of formula I:

nis 3;
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R; is selected from the group consisting of hydrogen, C;-Cs straight
chained or branched alkyl, substituted or unsubstituted aryl;

Rz, Ras, Rap, Ry are separately selected from the group consisting of
hydrogen, C;-Cs straight chained or branched alkyl, F, Cl, Br, perhaloalkyl, -CN, —
ORg, -C(=0), and —SRg;

each R; is separately selected from the group consisting of hydrogen, C;-
Cs straight chained or branched alkyl, C;-Cs alkenyl, cycloalkyl, halogen,
perhaloalkyl, -CN, and —ORg, or each Rj is separately absent to accommodate a
double bond;

each Ry Rua, Rap, Ry is separately selected from the group consisting
hydrogen, C;-Cs straight chained or branched alkyl, halogen, sulfonyl,
perhaloalkyl, —ORs, -CN, , -N(R¢)-S(=0),Rea, and —SRg; and

Rs is selected from the group conmsisting of hydrogen, C;-Cs straight
chained or branched alkyl, F, Cl, -CN, —-SRg, -OCFj3, and CFs.

[0046] In some embodiments, the compound of formula I is selected from the

group consisting of:

N, O g, C

ERB-003 ERB-006 ERB-007 ERB-008
() (Je oF
() 0 OO0
F
HO F o, HO , HO Fo
ERB-009 ERB-010 ERB-011
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[0047] Unless otherwise specified, "R" group(s) such as, without limitation, R,
R® and R®, is(are) independently selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl (bonded to the indicated group at a ring
carbon atom) and heteroalicyclyl (likewise bonded to the indicated group at a ring carbon
atom), as these groups are defined herein. If two "R" groups are covalently bonded to the
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same atom then they may be bound together so as to form a cycloalkyl or heteroalicyclyl
group.

[0048] Unless otherwise indicated, when a substituent is deemed to be
“optionally substituted,” it is meant that the substituent is a group that may be substituted
with one or more group(s) individually and independently selected from alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl, heteroalicyclic, hydroxyl, alkoxy, aryloxy, mercapto,
alkylthio, arylthio, cyano, halo, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl, O-
thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-
carboxy, O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro,  silyl,
trihalomethanesulfonyl, and amino, including mono- and di-substituted amino groups, and
the protected derivatives thereof. The protecting groups that may form the protective
derivatives of the above substituents are known to those of skill in the art and may be
found in references such as Greene and Wuts, Protective Groups in Organic Synthesis, 31
Ed., John Wiley & Sons, New York, NY, 1999, which is incorporated herein in its
entirety.

[0049] As used herein, “Cy, to C,” in which “m” and “n” are integers refers to
the number of carbon atoms in an alkyl, alkenyl or alkynyl group or the number of carbon
atoms in the ring of a cycloalkyl or cycloalkenyl group. That is, the alkyl, alkenyl,
alkynyl, ring of the cycloalkyl or ring of the cycloalkenyl can contain from “m” to “n”,
inclusive, carbon atoms. Thus, for example, a "C; to C, alkyl" group refers to all alkyl
groups having from 1 to 4 carbons, that is, CHs-, CH3;CH,-, CH3CH,CH,-, CH3CH(CH,)-,
CH;CH,CH,CH,-, CH;CH,CH(CH3)-, and (CH;);CH-. If no "m" and "n" are designated
with regard to an alkyl, alkenyl, alkynyl, cycloalkyl or cycloalkenyl group, the broadest
range described in these definitions is to be assumed.

[0050] As used herein, “aryl” refers to a carbocyclic (all carbon) ring or two or
more fused rings (rings that share two adjacent carbon atoms) that have a fully delocalized
pi-electron system. Examples of aryl groups include, but are not limited to, benzene,
naphthalene and azulene.

[0051] As used herein, “heteroaryl” refers to a ring or two or more fused rings
that contain(s) one or more heteroatoms selected from the group consisting of nitrogen,
oxygen and sulfur in the ring and that have a fully delocalized pi-electron system.

Examples of heteroaryl rings include, but are not limited to, furan, thiophene,
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phthalazinone, pyrrole, oxazole, thiazole, imidazole, pyrazole, isoxazole, isothiazole,
triazole, thiadiazole, pyran, pyridine, pyridazine, pyrimidine, pyrazine and triazine.

[0052] As used herein, "alkyl" refers to a straight or branched chain fully
saturated (no double or triple bonds) hydrocarbon group. An alkyl group of this invention
may comprise from 1 to 20 carbon atoms, that is, m = 1 and n = 20. An alkyl group
herein may also be of medium size having 1 to 10 carbon atoms. An alkyl group herein
may also be a lower alkyl having 1 to 5 carbon atoms. Examples of alkyl groups include,
without limitation, methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-
butyl, amyl, tert-amyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl.

[0053] An alkyl group of this invention may be substituted or unsubstituted.
When substituted, the substituent group(s) is(are) one or more group(s) independently
selected from cycloalkyl, aryl, heteroaryl, heteroalicyclyl, hydroxy, protected hydroxyl,
alkoxy, aryloxy, mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, O-
carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-
sulfonamido, N-sulfonamido, C-carboxy, protected C-carboxy, O-carboxy, isocyanato,
thiocyanato, isothiocyanato, nitro, silyl, trihalomethanesulfonyl, -NR®R® and protected
amino.

[0054] As used herein, “alkenyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more double bonds. An alkenyl group of
this invention may be unsubstituted or substituted. When substituted, the substituent(s)
may be selected from the same groups disclosed above with regard to alkyl group
substitution.

[0055] As used herein, “alkynyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more triple bonds. An alkynyl group of
this invention may be unsubstituted or substituted. When substituted, the substituent(s)
may be selected from the same groups disclosed above with regard to alkyl group
substitution.

[0056] As used herein, "acyl" refers to an "RC(=0)-" group with R as defined
above.

[0057] As used herein, "cycloalkyl" refers to a completely saturated (no double
bonds) hydrocarbon ring. Cycloalkyl groups of this invention may range from Cj to Cs.
A cycloalkyl group may be unsubstituted or substituted. If substituted, the substituent(s)

may be selected from those indicated above with regard to substitution of an alkyl group.
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[0058] As used herein, "cycloalkenyl" refers to a cycloalkyl group that
contains one or more double bonds in the ring although, if there is more than one, they
cannot form a fully delocalized pi-electron system in the ring (otherwise the group would
be “aryl," as defined herein). A cycloalkenyl group of this invention may unsubstituted or

_substituted. When substituted, the substituent(s) may be selected from the same groups
disclosed above with regard to alkyl group substitution.

[0059] The term “alkylene” refers to an alkyl group, as defined here, which is
a biradical and is connected to two other moieties. Thus, methylene (-CHz-), ethylene (-
CH,CH,-), proylene (-CH,CH,CH,-), isopropylene (-CH>-CH(CH3)-), and isobutylene (-
CH,-CH(CH3)-CH,-) are examples, without limitation, of an alkylene group. Similar, the
term”cycloalkylene” refers to an cycloalkyl group, as defined here, which binds in an
analogues way to two other moieties. If the alkyl and cycloalkyl groups contains
unsaturated carbons, the terms “alkenylene” and “cycloalkenylene” are used.

[0060] As used herein, “heteroalicyclic” or heteroalicyclyl” refers to a ring or
one or more fused rings having in the ring system one or more heteroatoms independently
selected from nitrogen, oxygen and sulfur. The rings may also contain one or more
double bonds provided that they do not form a fully delocalized pi-electron system in the
rings. Heteroalicyclyl groups of this invention may be unsubstituted or substituted. When
substituted, the substituent(s) may be one or more groups independently selected from the
group consisting of halogen, hydroxy, protected hydroxy, cyano, nitro, alkyl, alkoxy, acyl,
acyloxy, carboxy, protected carboxy, amino, protected amino, carboxamide, protected
carboxamide, alkylsulfonamido and trifluoromethanesulfonamido.

[0061] An “O-carboxy” group refers to a "RC(=0)O-" group with R as defined
above.

[0062] A “C-carboxy” group refers to a "-C(=O)R" group with R as defined
above.

[0063] An “acetyl” group refers to a CH3C(=0)- group.

[0064] A “rihalomethanesulfonyl” group refers to an "X3CSOx-" group
wherein X is a halogen.

[0065] A “cyano” group refers to a "-CN" group.

[0066] An “isocyanato” group refers to an "-NCO" group.

[0067] A “thiocyanato” group refers to a "-CNS" group.

[0068] An “isothiocyanato” group refers to an " —-NCS" group.

-49-



WO 2005/108337 PCT/US2005/015221

[0069] A “sulfinyl” group refers to an "-S(=0)-R" group with R as defined
above.

[0070] A "sulfonyl" group refers to an "SO,R" group with R as defined above.

[0071]  An “S-sulfonamido” group refers to a "-SO;NR*R™" group with R* and
R as defined above.

[0072] An “N-sulfonamido” group refers to a "RSO,N(R?)-" group with R and
R? as defined above.

[0073] A “trihalomethanesulfonamido” group refers to an "X3CSO,N(R)-"
group with X as halogen and R as defined above.

[0074] An “O-carbamyl” group refers to a "-OC(=O)NRaRb" group with R?
and R® as defined above.

[0075]  An “N-carbamyl” group refers to an "ROC(=O)NR*" group with R*
and R as defined above.

[0076] An “O-thiocarbamyl” group refers to a ".OC(=S)-NR*R”" group with
R?* and R® as defined above.

[0077] An “N-thiocarbamyl” group refers to an "ROC(=S)NR"-" group with
R?* and R as defined above.

[0078] A “C-amido” group refers to a "-C(=0)NR*R™ group with R* and R®
as defined above.

[0079] An “N-amido” group refers to a "RC(=0)NR®-" group with R and R" as
defined above.

[0080] The term “perhaloalkyl” refers to an alkyl group in which all the
hydrogen atoms are replaced by halogen atoms.

[0081] As used herein, an "ester" refers to a "-C(=0)OR" group with R as
defined above.

[0082] As used herein, an ”amide” refers to a "—C(=O)NRaRb" group with R*
and R® as defined above.

[0083] Any unsubstituted or monosubstituted amine group on a compound
herein can be converted to an amide, any hydroxyl group can be converted to an ester and
any carboxyl group can be converted to either an amide or ester using techniques well-
known to those skilled in the art (see, for example, Greene and Wuts, Protective Groups

in Organic Synthesis, 3" Ed., John Wiley & Sons, New York, NY, 1999).
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[0084] When two substituents are referred to herein as optionally binding
together, it is meant that the groups may be joined to form a cycloalkyl, aryl, heteroaryl, or
heteroalicyclyl group. For example, without lirﬁitation, if R* and R® of an NR*R" group
are indicated to be optionally bound together, it is meant that they are covalently bonded

to one another at their terminal atoms to form a ring:
K
\Rb

[0085] It is understood that, in any compound of this invention having one or
more chiral centers, if an absolute stereochemistry is not expressely indicated, then each
center may independently be R or S or a mixture thereof. In addition it is understood that,
in any compound of this invention having one or more double bond(s) generating
geometrical isomers that can be defined as E or Z each double bond may independently be
E or Z a mixture thereof.

[0086] As used herein, “pharmaceutically acceptable salt” refers to a salt of a
compound that does not cause significant irritation to a patient to which it is administered
and does mot abrogate the biological activity and properties of the compound.
Pharmaceutical salts can be obtained by reaction of a compound disclosed herein with an
acid or base. Base-formed salts include, without limitation, ammonium salt (NH,"); alkali
metal, such as, without limitation, sodium or potassium, salts; alkaline earth, such as,
without limitation, calcium or magnesium, salts; salts of organic bases such as, without
limitation, dicyclohexylamine, N-methyl-D-glucamine, tris(hydroxymethyl)methylamine;
and salts with the amino group of amino acids such as, without limitation, arginine and
lysine. Useful acid-based salts include, without limitation, hydrochlorides,
hydrobromides, sulfates, nitrates, phosphates, methanesulfonates, ethanesulfonates, p-
toluenesulfonates and salicylates.

[0087] A “prodrug” refers to an agent that is converted into the parent drug in
vivo. Prodrugs are often useful because, in some situations, they may be easier to
administer than the parent drug. They may, for instance, be bioavailable by oral
administration whereas the parent is not. The prodrug may decrease the rate of metabolic
degradation for instance by decreasing O-glucuronidation and or O-sulfation. The prodrug
may also have improved solubility in pharmaceutical compositions over the parent drug.

An example, without limitation, of a prodrug would be a compound disclosed herein,
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which is administered as an ester (the “prodrug”) to facilitate absorption over a cell
membrane where water solubility is detrimental to mobility but which then is
metabolically hydrolyzed to the carboxylic acid, the active entity, once inside the cell
where water-solubility is beneficial. A further example of a prodrug might be a short
peptide (polyaminoacid) bonded to an acid group where the peptide is metabolized to
reveal the active moiety.
Synthesis

[0088] General synthetic routes to the compounds of this invention are shown
in Schemes 1-5. The routes shown are illustrative only and are not intended, nor are they
to be construed, to limit the scope of this invention in any manner whatsoever. Those
skilled in the art will be able to recognize modifications of the disclosed synthesis and to
devise alternate routes based on the disclosures herein; all such modifications and

alternate routes are within the scope of this invention.
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SCHEME 3
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[0089] In the above schemes, it is to be understood that the moiety:
Ra

\)
S

is identical to the moiety:

Ry, 13

R3 0 R3
X
R3

Rs

M 3

as described above with respect to Formula 1.

[0090] Also disclosed herein are methods of treating clinical manifestations in
which estrogen receptor function is altered; a method of treating or preventing
inflammatory bowel syndrome, Crohn’s disease, ulcerative proctitis or colitis; a method
of treating or preventing prostatic hypertrophy, uterine leiomyomnas, breast carcinoma,
endometrial carcinoma, polycystic ovary syndrome, endometrial polyps, benign breast
disease, adenomyosis, ovarian carcinoma, melanoma, prostate carcinoma, colon
carcinoma, or brain tumors including glioblastoma, astrocytoma, glioma, or meningioma;
a method of treating or preventing prostatitis or interstitial cystitisl; a method of hormonal
replacement therapy; a method of treating or preventing bone density loss including
osteoporosis and osteopenia; a method of lowering cholesterol, triglycerides, or LDL
levels; a method of treating or preventing discholesterolemia or dislipidemia; a method of
treating or preventing cardiovascular disease, atherosclerosis, hypertension, peripheral
vascular disease, restenosis or vasospasm; a method of treating impaired cognition or
providing neuroprotection; a method of treating or preventing neurodegenerative
disorders, including Alzheimer’s disease, Huntington’s disease, Parkinson’s disease or
other dementias; a method of treating or preventing cognitive decline, stroke, or anxiety; a
method of treating or preventing free radical induced disease states; a method of treating
or preventing vaginal atrophy, vulvar atrophy, atrophic vaginitis, vaginal dryness,
pruritus, dyspareunia, frequent urination, urinary incontinence, or urinary tract infections;
a method of treating or preventing vasomotor symptoms including flushing or hot flashes;
a method of preventing conception; a method of treating or preventing endometriosis; a

method of treating or preventing arthritis, including but not limited to rheumatoid
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arthritis, osteoarthritis, or arthropathies; a method of treating or preventing psoriasis or
dermatitis, a method of treating or preventing asthma or pleurisy; a method of treating or
preventing multiple sclerosis, systemic lupus erthematosis, uveitis, sepsis, or
hemmorhagic shock; a method of treating or preventing type II diabetes; a method for
treating acute and chronic inflammation of any type; a method of treating or preventing
lung disorders such as asthma, chronic obstructive pulmonary disease; a method of
treating or preventing ophthalmologic disorders including but not limited to glaucoma,
dry eye, macular degeneration, and a method of modulating or specifically agonizing one
or more Estrogen receptors where the methods comprise identifying a subject in need of
treatment or prevention and administering to the subject a pharmaceutically effective
amount of a compound of formula L.

[0091] Another embodiment is a method of identifying a compound that
alleviates inflammation in a subject, comprising identifying a subject suffering from
inflammation; providing the subject with at least one compound of Formula I, as defined
herein; and determining if the at least one compound reduces inflammation in the subject.

[0092] The term “subject” refers to an animal, preferably a mammal, and most
preferably a human, who is the objeci of treatment, observation or experiment. The
mammal may be selected from the group consisting of mice, rats, rabbits, guinea pigs,
dogs, cats, sheep, goats, cows, primates, such as monkeys, chimpanzees, and apes, and
humans.

[0093] The term “therapeutically effective amount” is used to indicate an
amount of an active compound, or pharmaceutical agent, that elicits the biological or
medicinal response indicated. This response may occur in a tissue, system, animal or
human that is being sought by a researcher, veterinarian, medical doctor or other clinician,
and includes alleviation of the symptoms of the disease being treated.

[0094] Another embodiment is a method of identifying a compound which
regulates activity of an Estrogen receptor by culturing cells that express the Estrogen
receptors; incubating the cells with at least one compound of Formula I as defined herein;
and determining any change in activity of the Estrogen receptors so as to identify a
compound of Formula I which regulates activity of a Estrogen receptors.

[0095] In other embodiments, methods are provided for alleviating diseases by
administering one or more compounds of Formula I. These methods include, but are not

limited to methods such as: a method of treating clinical manifestations in which estrogen
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receptor function is altered; a method of treating or preventing inflammatory bowel
syndrome, Crohn’s disease, ulcerative proctitis or colitis; a method of treating or
preventing prostatic hypertrophy, uterine leiomyomnas, breast carcinoma, endometrial
carcinoma, polycystic ovary syndrome, endometrial polyps, benign breast disease,
adenomyosis, ovarian carcinoma, melanoma, prostate carcinoma, colon carcinoma, brain
tumors including but not limited to glioblastoma, astrocytoma, glioma, and meningioma;
a method of treating or preventing prostatitis or interstitial cystitis; a method of hormonal
replacement therapy; a method of treating or preventing bone density loss including but
not limited to osteoporosis or osteopenia; a method of lowering cholesterol, triglycerides,
or LDL levels; a method of treating or preventing discholesterolemia, or dislipidemia; a
method of treating or preventing cardiovascular disease, atherosclerosis, hypertension,
peripheral vascular disease, restenosis or vasospasm; a method of treating impaired
cognition or providing neuroprotection; a method of treating neurodegenerative disorders,
including but not limited to Alzheimer’s disease, Huntington’s disease, Parkinson’s
disease or other dementias; a method of treating or preventing cognitive decline, stroke, or
anxiety; a method of treating or preventing free radical induced disease states; a method
of treating or preventing vaginal atrophy, vulvar atrophy, atrophic vaginitis, vaginal
dryness, pruritus, dyspareunia, frequent urination, urinary incontinence, or urinary tract
infections; a method of treating or preventing vasomotor symptoms including but not
limited to flushing or hot flashes; a method of preventing conception; a method of treating
or preventing endometriosis; a method of treaﬁng or preventing arthritis, including but not
limited to rheumatoid arthritis, osteoarthritis, arthropathies; a method of treating or
preventing psoriasis or dermatitis; a method of treating or preventing asthma, or pleurisy;
a method of treating or preventing multiple sclerosis, systemic lupus erthematosis, uveitis,
sepsis, or hemmorhagic shock; a method of treating or preventing type II diabetes; a
method for treating acute and chronic inflammation of any type; a method of treating or
preventing lung disorders such as asthma or chronic obstructive pulmonary disease; and a
method of treating or preventing ophthalmologic disorders including but not limited to
glaucoma, dry eye, macular degeneration. In other embodiments, methods of modulating,
or specifically agonizing, the Estrogen receptors by administering an effective amount of

a compound of Formula I are provided.
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[0096]  Another embodiment is a pharmaceutical composition comprising a
compound of Formula I as described above, and a physiologically acceptable carrier,
diluent, or excipient, or a combination thereof.

[0097] The term “pharmaceutical composition” refers to a mixture of a
compound disclosed herein with other chemical components, such as diluents or carriers.
The pharmaceutical composition facilitates administration of the compound to an
organism. Multiple techniques of administering a compound exist in the art including,
but not limited to, oral, injection, aerosol, parenteral, and topical administration.
Pharmaceutical compositions can also be obtained by reacting compounds with inorganic
or organic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicylic acid and the like.

[0098] The term “carrier” defines a chemical compound that facilitates the
incorporation of a compound into cells or tissues. For example dimethyl sulfoxide
(DMSO) is a commonly utilized carrier as it facilitates the uptake of many organic
compounds into the cells or tissues of an organism.

[0099] The term “diluent” defines chemical compounds diluted in water that
will dissolve the compound of interest as well as stabilize the biologically active form of
the compound. Salts dissolved in buffered solutions are utilized as diluents in the art.
One commonly used buffered solution is phosphate buffered saline because it mimics the
salt conditions of human blood. Since buffer salts can control the pH of a solution at low
concentrations, a buffered diluent rarely modifies the biological activity of a compound.

[0100] The term “physiologically acceptable” defines a carrier or diluent that
does not abrogate the biological activity and properties of the compound.

[0101] The pharmaceutical compositions described herein can be administered
to a human patient per se, or in pharmaceutical compositions where they are mixed with
other active ingredients, as in combination therapy, or suitable carriers or excipient(s).
Techniques for formulation and administration of the compounds of the instant
application may be found in “Remington’s Pharmaceutical Sciences,” Mack Publishing
Co., Easton, PA, 18th edition, 1990, which is hereby incorporated by reference in its
entirety.

[0102] Suitable routes of administration may, for example, include oral, rectal,

transmucosal, or intestinal administration; parenteral delivery, including intramuscular,
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subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct
intraventricular, intraperitoneal, intranasal, intraocular injections or as an aerosol inhalant.

[0103] Alternately, one may administer the compound in a local rather than
systemic manner, for example, via injection of the compound directly into the area of pain
or inflammation, often in a depot or sustained release formulation. Furthermore, one may
administer the drug in a targeted drug delivery system, for example, in a liposome coated
with a tissue-specific antibody. The liposomes will be targeted to and taken up selectively
by the organ.

[0104] The pharmaceutical compositions disclosed herein may be
manufactured in a manner that is itself known, e.g., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping
or tableting processes.

[0105] Pharmaceutical compositions for use in accordance with the present
disclosure thus may be formulated in conventional manner using one or more
physiologically acceptable carriers comprising excipients and auxiliaries, which facilitate
processing of the active compounds into preparations, which can be used
pharmaceutically. Proper formulation is dependent upon the route of administration
chosen. Any of the well-known techniques, carriers, and excipients may be used as
suitable and as understood in the art; e.g., as disclosed in Remington’s Pharmaceutical
Sciences, cited above.

[0106] For injection, the agents disclosed herein may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hank’s
solution, Ringer’s solution, or physiological saline buffer.  For transmucosal
administration, penetrants appropriate to the barrier to be permeated are used in the
formulation. Such penetrants are generally known in the art.

[0107] For oral administration, the compounds can be formulated readily by
combining the active compounds with pharmaceutically acceptable carriers well known in
the art. Such carriers enable the compounds disclosed herein to be formulated as tablets,
pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral
ingestion by a patient to be treated. Pharmaceutical preparations for oral use can be
obtained by mixing one or more solid excipient with pharmaceutical combination
disclosed herein, optionally grinding the resulting mixture, and processing the mixture of

granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
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Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat
starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or
polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium
alginate.

[0108] Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabic, talc,
polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may
be added to the tablets or dragee coatings for identification or to characterize different
combinations of active compound doses.

[0109] Pharmaceutical preparations, which can be used orally, include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer,
such as glycerol or sorbitol. The push-fit capsules can contain the active ingredients in
" admixture with filler such as lactose, binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the active
compounds may be dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. All
formulations for oral administration should be in dosages suitable for such administration.

[0110] For buccal administration, the compositions may take the form of
tablets or lozenges formulated in conventional manner.

[0111] For administration by inhalation, the compounds for use according to
the present disclosure are conveniently delivered in the form of an aerosol spray
presentation from pressurized packs or a nebulizer, with the use of a suitable propellant,
e.g., dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol the dosage unit may be
determined by providing a valve to deliver a metered amount. Capsules and cartridges of,
e.g., gelatin for use in an inhaler or insufflator may be formulated containing a powder
mix of the compound and a suitable powder base such as lactose or starch.

[0112] The compounds may be formulated for parenteral administration by

injection, e.g., by bolus injection or continuous infusion. Formulations for injection may
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be presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an
added preservatiife. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as
suspending, stabilizing and/or dispersing agents.

[0113] Pharmaceutical formulations for parenteral administration include
aqueous solutions of the active compounds in water-soluble form. Additionally,
suspensions of the active compounds may be prepared as appropriate oily injection
suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sésame oil,
or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous
injection suspensions may contain substances, which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the
suspension may also contain suitable stabilizers or agents, which increase the solubility of
the compounds to allow for the preparation of highly, concentrated solutions.

[0114] Alternatively, the active ingredient may be in powder form for
constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[0115] The compounds may also be formulated in rectal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases such as
cocoa butter or other glycerides.

[0116] In addition to the formulations described previously, the compounds
may also be formulated as a depot preparation. Such long acting formulations may be
administered by implantation (for example subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the compounds may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.

[0117] A pharmaceutical carrier for the hydrophobic compounds disclosed
herein is a co-solvent system comprising benzyl alcohol, a nonpolar surfactant, a water-
miscible organic polymer, and an aqueous phase. A common co-solvent system used is
the VPD co-solvent system, which is a solution of 3% w/v benzyl alcohol, 8% w/v of the
nonpolar surfactant Polysorbate 80™, and 65% w/v polyethylene glycol 300, made up to
volume in absolute ethanol. Naturally, the proportions of a co-solvent system may be
varied considerably without destroying its solubility and toxicity characteristics.

Furthermore, the identity of the co-solvent components may be varied: for example, other
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low-toxicity nonpolar surfactants may be used instead of Polysorbate 80™; the fraction
size of polyethylene glycol may be varied; and other biocompatible polymers may replace
polyethylene glycol, e.g., polyvinyl pyrrolidone. Alternatively, other delivery systems for
hydrophobic pharmaceutical compounds may be employed. Liposomes and emulsions are
well known examples of delivery vehicles or carriers for hydrophobic drugs. Certain
organic solvents such as dimethylsulfoxide also may be employed, although usually at the
cost of greater toxicity. Additionally, the compounds may be delivered using a
sustained-release system, such as semipermeable matrices of solid hydrophobic polymers
containing the therapeutic agent. Various sustained-release materials have been
established and are well known by those skilled in the art. Sustained-release capsules
may, depending on their chemical nature, release the compounds for a few weeks up to
over 100 days. Depending on the chemical nature and the biological stability of the
therapeutic reagent, additional strategies for protein stabilization may be employed.

[0118] Many of the compounds used in the pharmaceutical combinations
disclosed herein may be provided as salts with pharmaceutically compatible counterions.
Pharmaceutically compatible salts may be formed with many acids, including but not
limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, efc. Salts tend to
be more soluble in aqueous or other protonic solvents than are the corresponding free
acids or base forms.

[0119] Pharmaceutical compositions suitable for use in the methods disclosed
herein include compositions where the active ingredients are contained in an amount
effective to achieve its intended purpose. More specifically, a therapeutically effective
amount means an amount of compound effective to prevent, alleviate or ameliorate
symptoms of disease or prolbng the survival of the subject being treated. Determination
of a therapeutically effective amount is well within the capability of those skilled in the
art, especially in light of the detailed disclosure provided herein.

[0120] The exact formulation, route of administration and dosage for the
pharmaceutical compositions disclosed herein can be chosen by the individual physician
in view of the patient’s condition. (See e.g., Fingl et al. 1975, in “The Pharmacological
Basis of Therapeutics”, Chapter 1, which is hereby incorporated by reference in its
entirety). Typically, the dose range of the composition administered to the patient can be
from about 0.5 to 1000 mg/kg of the patient’s body weight, or 1 to 500 mg/kg, or 10 to
500 mg/kg, or 50 to 100 mg/kg of the patient’s body weight. The dosage may be a single
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one or a series of two or more given in the course of one or more days, as is needed by the
patient. Where no human dosage is established, a suitable human dosage can be inferred
from EDso or IDsg values, or other appropriate values derived from in vitro or in vivo
studies, as qualified by toxicity studies and efficacy studies in animals.

[0121] Although the exact dosage will be determined on a drug-by-drug basis,
in most cases, some generalizations regarding the dosage can be made. The daily dosage
regimen for an adult human patient may be, for example, an oral dose of between 0.1 mg
and 500 mg of each ingredient, preferably between 1 mg and 250 mg, e.g. 5 to 200 mg or
an intravenous, subcutaneous, or intramuscular dose of each ingredient between 0.01 mg
and 100 mg, preferably between 0.1 mg and 60 mg, e.g. 1 to 40 mg of each ingredient of
the pharmaceutical compositions disclosed herein or a pharmaceutically acceptable salt
thereof calculated as the free base, the composition being administered 1 to 4 times per
day. Alternatively the compositions disclosed herein may be administered by continuous
intravenous infusion, preferably at a dose of each ingredient up to 400 mg per day. Thus,
the total daily dosage by oral administration of each ingredient will typically be in the
range 1 to 2000 mg and the total daily dosage by parenteral administration will typically
be in the range 0.1 to 400 mg. In some embodiments, the compounds will be
administered for a period of continuous therapy, for example for a week or more, or for
months or years.

[0122] Dosage amount and interval may be adjusted individually to provide
plasma levels of the active moiety, which are sufficient to maintain the modulating
effects, or minimal effective concentration (MEC). The MEC will vary for each
compound but can be estimated from in vitro data. Dosages necessary to achieve the
MEC will depend on individual characteristics and route of administration. However,
HPLC assays or bioassays can be used to determine plasma concentrations.

[0123] Dosage intervals can also be determined using MEC value.
Compositions should be administered using a regimen, which maintains plasma levels
above the MEC for 10-90% of the time, preferably between 30-90% and most preferably
between 50-90%.

[0124] In cases of local administration or selective uptake, the effective local

concentration of the drug may not be related to plasma concentration.
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[0125] The amount of composition administered will, of course, be dependent
on the subject being treated, on the subject’s weight, the severity of the affliction, the
manner of administration and the judgment of the prescribing physician.

[0126] The compositions may, if desired, be presented in a pack or dispenser
device, which may contain one or more unit dosage forms containing the active
ingredient. The pack may for example comprise metal or plastic foil, such as a blister
pack. The pack or dispenser device may be accompanied by instructions for
administration. The pack or dispenser may also be accompanied with a notice associated
with the container in form prescribed by a governmental agency regulating the
manufacture, use, or sale of pharmaceuticals, which notice is reflective of approval by the
agency of the form of the drug for human or veterinary administration. Such notice, for
example, may be the labeling approved by the U.S. Food and Drug Administration for
prescription drugs, or the approved product insert. Compositions comprising a compound
disclosed herein formulated in a compatible pharmaceutical carrier may also be prepared,
placed in an appropriate container, and labeled for treatment of an indicated condition.

[0127] It will be understood by those of skill in the art that numerous and
various modifications can be made without departing from the spirit of the present
disclosure. Therefore, it should be clearly understood that the forms disclosed herein are
illustrative only and are not intended to limit the scope of the present disclosure.

EXAMPLES

[0128] Embodiments of the present invention are disclosed in further detail in
the following examples, which are not in any way intended to limit the scope of the
invention.

Example 1 — General analytical LC-MS procedure

[0129] Procedure 1 (AP1): The analysis was performed on a combined
prep/analytical Waters/Micromass system consisting of a ZMD single quadropole mass
spectrometer equipped with electro-spray ionization interface. The HPLC system
consisted of a Waters 600 gradient pump with on-line degassing, a 2700 sample manager
and a 996 PDA detector.

[0130] Separation was performed on an X-Terra MS C18, 5 um 4.6x50mm
column. Buffer A: 10mM ammonium acetate in water, buffer B: 10mM ammonium

acetate in acetonitrile/water 95/5. A gradient was run from 30%B to 100%B in 10 min,
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dwelling at 100%B for 1 min, and re-equilibrating for 6 min. The system was operated at
1 ml/min.

[0131]  Procedure 2 (AP2): The analysis was performed on a combined
prep/analytical Waters/Micromass system consisting of a ZMD single quadropole mass
spectrometer equipped with electro-spray ionization interface. The HPLC system
consisted of a Waters 600 gradient pump with on-line degassing, a 2700 sample manager
and a 996 PDA detector.

[0132] Separation was performed on an X-Terra MS C18, 5 um 4.6x50mm
column. Buffer A: 10mM ammonium acetate in water, buffer B: 10mM ammonium
acetate in acetonitrile/water 95/5. A gradient was run from 30%B to 100%B in 7 min,
dwelling at 100%B for 1 min, and re-equilibrating for 5.5 min. The system was operated
at 1 ml/min.

Example 2 — General gas chromatography (GC) procedure
[0133] GC method 50 was used. Method 50 starts at 50°C and has a gradient

of 20 °C/min until 250 °C then holds the temperature for 5 minutes. The analysis was
performed on an Aglient 6850 series GC system with capillary S/SL inlet and FID with
EPC installation. The column was a 30 m X 0.32 mm x 0.25 wm HPS5 column.

Example 3 — Synthesis of trifluoromethanesulfonates, general procedure 1 (GP1)

[0134]  Trifluoromethanesulfonates were prepared according to literature
procedure by McMurry and Scott (McMurry, 1. E.; Scott, W. J., Tetrahedron letters,
1983, 979-982).

4-isoPropyl-cyclehexenyl-1-trifluoromethanesulfonate

[0135] The title compound was prepared according to GP1 from 4-
ipropylcyclohexanone (10.0 g, 71 mmol). Crude yield: 14.1 g. '"H-NMR (400 MHz,
CDCls) d 5.78-5.69 (m, 1H), 2.42-2.14 (m, 3H), 1.98-1.84 (m, 2H), 1.60-1.2 (m, 4H),
0.94-0.88 (m, 6H).

1-Cyclohexenyl-1- trifluoromethanesulfonate

[0136] The title compound was prepared according to GP1 from
cyclohexanone (9.8 g, 100 mmol). Crude yield: 14.0 g (83% pure by 'H-NMR). '"H-NMR
(400 MHz, CDCl3) d 5.79-5.73 (m, 1H), 2.36-2.28 (m, 2H), 2.23-2.14 (m, 2H), 1.83-1.75
(m, 2H), 1.66-1.56 (m, 2H).

4-Trifluoromethyl-cyclohexenyl-1-trifluorom ethanesulfonate
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[0137] The title compound was prepared according to GP1 from 4-
(trifluoromethyl)cyclohexanone (3.0 g, 18 mmol). Crude yield: 1.9 g. GC-FID Ry 1.16
min (Method50)

1-Cycloheptenyl-1-trifluoromethanesulfonate

[0138] The title compound was prepared according to GPl from
cycloheptanone (2.2 g, 20 mmol). Crude yield: 3.7 g.

[0139] 'H-NMR (400 MHz, CDCl3) d 5.86-5.74 (m, 1H), 2.51-2.40 (m, 2H),
2.14-2.06 (m, 2H), 1.77-1.49 (m, 6H).

Example 4 — Suzuki coupling, general procedure 2 (GP2)

[0140] The appropriate boronic acid (4.4 mmol) was dissolved in dry THF (20
mL) and cyclohexenyl triflate (4.0 mmol) and KF (13.2 mmol) was added. The solution
was degassed and kept under Argon and PdCly(dppf) (65.3 mg, 0.08 mmol) was added.

The reaction was shaken overnight at rt after which time they were filtered through celite,
rinsed with EtOAc and subjected to column chromatography (silica, hexane).

2,6-Difluorophenyl cyclohexene

[0141] The title compound was prepared according to GP2. Yield: 551 mg
(2.84 mmol, 71%). 'H-NMR (400 MHz, CDCl;) d 7.17-7.10 (m, 1H), 6.88-6.81 (m, 2H),
5.80 (m, 1H), 2.26-2.19 (m, 4H), 1.78-1.70 (m, 4H).GC Analysis: Ry = 2.55 min (Method
50), 97%.

2,5-Difluorophenyl cyclohexene.

[0142] The title compound was prepared according to GP2. Yield: 596 mg
(3.07 mmol, 77%). 'H-NMR (400 MHz, CDCl;) d 6.88-6.81 (m, 2H), 6.78-6.73 (m, 1H),
5.88 (m, 1H), 2.26-2.23 (m, 2H), 2.13-2.09 (m, 2H), 1.68-1.64 (m, 2H), 1.61-1.57 (m,
2H). GC Analysis (method 50): Ry =2.77 min, 91%.

2,4-Difluorophenyl cyclohexene

[0143] The title compound was prepared according to GP2. Yield: 290 mg
(1.49 mmol, 37%),'H-NMR (400 MHz, CDCl3) d 7.12 (ddd, 1H, J=8.6 Hz, 6.6 Hz, 6.6
Hz), 6.77-6.68 (m, 2H), 5.82 (m, 1H), 2.29-2.25 (m, 2H), 2.16-2.11 (m, 2H), 1.73-1.59
(m, 4H). GC Analysis (method 50): R; = 2.62 min, 98%.

5-Chloro-2-fluorophenyl cyclohexene

[0144] The title compound was prepared according to GP2. Yield: 701 mg
(3.32 mmol, 83%). '"H-NMR (400 MHz, CDCl3) d 7.15 (dd, 1H, J=6.65 Hz, 2.74 Hz),
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7.06 (m, 1H), 6.88 (dd, 1H, J=10.27 Hz, 8.70 Hz), 5.90 (m, 1H), 2.28-2.26 (m, 2H), 2.17-
2.13 (m, 2H), 1.71-1.67 (m, 2H), 1.65-1.60 (m, 2H). GC Analysis: R; = 3.88 min, 94%.
Example 5 — Negishi coupling, general procedure 3 (GP3

1-(1-Cyclohexen-1-yl)-3-methoxy-benzene

[0145] In a dry and argon flushed two neck flask, tris(dibenzylidedeacetone)
dipalladium (275 mg, 0.3 mmol) and tri-2-furylphosphine (278 mg, 1.2 mmol) was
dissolved in N-methylpyrrolidone. Tetrabutyl ammonium iodide (2.21 g, 6.0 mmol) and
1-cyclohexenyl-1-trifluoromethanesulfonate (1.85 g, 6.0 mmol) were added to the
reaction mixture followed by phenylzinc bromide(12 mL, 1.0 M, 12 mmol) and the
reaction mixture was left stirring at room temperature over night. The reaction was
quenched with saturated ammonium chloride solution. The product was filtered through
celite, taken up in ethyl acetate and washed with brine, dried over Na,S0O4, and
concentrated in vacuo. The title compound was obtained and purified by flash
chromatography (silica, 0-10% EtOAc in heptane). Yield: 700 mg. '"H-NMR (400 MHz,
CDCly) 8: 7.23 (t, J = 7.8 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 6.98 (s, 1H), 6.81 (d, ] =7.8
Hz, 1H), 6.18-6.17 (m, 1H), 3.82 (s, 3H), 2.45-2.42 (m, 2H), 2.24-2.21 (m, 2H), 1.83-1.79
(m, 2H), 1.72-1.68 (m, 2H).

4-(Trifluoromethyl)-1-cyclohexen-1-yl]-benzene

[0146] The title compound was prepared according to GP3 from 4-
(trifluoromethyl)-1-cyclohexenyl-1-trifluoromethanesulfonate (475 mg, 1.6 mmol) and
phenylzinc bromide (3.2 mL, 1.0 M, 3.2 mmol). The product was purified by flash
chromatography (silica, heptane). Yield: 284 mg. '"H-NMR (400 MHz, CDCls) §: 7.32-
7.15 (m, 5H), 6.01-5.98 (m, 1H), 2.58-2.07 (m, 6H), 1.71-1.58 (m, 1H).

1-Fluoro-4-[4-(trifluorom etlzyl);l -cyclohexen-1-yl]-benzene

[0147] The title compound was prepared according to GP3 from 4-
(trifluoromethyl)-1-cyclohexenyl-1-trifluoromethanesulfonate (475 mg, 1.6 mmol) and 4-
fluorophenylzinc bromide (3.2 mL, 1.0 M, 3.2 mmol). The product was purified by flash
chromatography (silica, heptane). Yield: 271 mg. "H-NMR (400 MHz, CDCl3) &: 7.38-
7.32 (m, 2H), 7.07-6.98 (m, 2H), 6.02-5.99 (m, 1H), 2.61-2.17 (m, 6H), 1.76-1.63 (m,
1H).

1-Fluoro-3-[4-(trifluoromethyl)-1-cyclohexen-1-yl|-benzene)

[0148] The title compound was prepared according to GP3 from 4-
(trifluoromethyl)-1-cyclohexenyl-1-trifluoromethanesulfonate (475 mg, 1.6 mmol) and 3-
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fluorophenylzinc bromide (3.2 mL, 1.0 M, 3.2 mmol). The product was purified by flash
chromatography (silica, heptane). Yield: 363 mg. 'H-NMR (400 MHz, CDCl3) §: 7.35-
6.92 (m, 4H), 6.15-6.11 (m, 1H), 2.62-2.15 (m, 6H), 1.75-1.64 (m, 1H).

1-(Cyclohexen-1-yl)-2-fluorobenzene

[0149] The title compound was prepared according to GP3 from I-
cyclohexenyl-1-trifluoromethanesulfonate (1.84 g, 8.0 mmol) and 2-fluorophenylzinc
bromide (16 mL, 1.0 M, 32 mmol). The product was purified by flash chromatography
(silica, heptane). Yield: 678 mg. 'H-NMR (400 MHz, CDCl;) &: 7.30-6.97 (m, 4H), 5.96-
5.90 (m, 1H), 2.40-2.33 (m, 2H), 2.23-2.18 (m, 2H), 1.79-1.70 (m, 2H), 1.70-1.64 (m,
2H).

4-(1-Cyclohexen-1-yl)-1,2-difluoro-benzene

[0150]  The title compound was prepared according to GP3 from 1-
cyclohexenyl-1-trifluoromethanesulfonate (1.84 g, 8.0 mmol) and 3,4-difluorophenylzinc
bromide (32 mL, 0.5 M, 16 mmol). The product was purified by flash chromatography
(silica, heptane). Yield: 1.31 g. '"H-NMR (400 MHz, CDCl3) &: 7.20-7.00 (m, 3H), 6.07-
6.00 (m, 1H), 2.38-2.30 (m, 2H), 2.24-2.18 (m, 2H), 1.82-1.66 (m, 4H).

1-(1-Cyclohexen-1-yl)-3,5-difluoro-benzene

[0151] The title compound was prepared according to GP3 from 1-
cyclohexenyl-1-trifluoromethanesulfonate (1.84 g, 8.0 mmol) and 3,5-difluorophenylzinc
bromide (32 mL, 0.5 M, 16 mmol). The product was purified by flash chromatography
(silica, heptane). Yield: 934 mg.GC-FID R;: 2.96 min (Method50)

1-Fluoro-2-[4-(1-i-propyl)-1-cyclohexen-1-yl]-benzene

[0152] The title compound was prepared according to GP3 from 4-(1-i-
propyl)-1-cyclohexenyl-1-trifluoromethanesulfonate  (2.18 g, 8.0 mmol) and 2-
fluorophenylzinc iodide (32 mL, 0.5 M, 16.0 mmol). The product was purified by flash
chromatography (silica, heptane). Yield: 1.15 g. '"H-NMR (400 MHz, CDClj) &: 7.30-
7.01 (m, 4H), 5.97-5.93 (m, 1H), 2.51-1.34 (m, 8H), 0.98-0.88 (m, 6H).

1-Fluoro-3-[4-(1- i-propyl)-1-cyclohexen-1-yl]-benzene

[0153] The title compound was prepared according to GP3 from 4-(1-i-
propyl)-1-cyclohexenyl-1-trifluoromethanesulfonate  (2.18 g, 8.0 mmol) and 3-
fluorophenylzinc iodide (32 mL, 0.5 M, 16.0 mmol). The product was purified by flash
chromatography (silica, heptane). Yield: 902 mg. '"H-NMR (400 MHz, CDCl;) &: 7.35-
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7.12 (m, 3H), 6.92-6.87 (m, 1H), 6.18-6.12 (m, 1H), 2.51-1.35 (m, 8H), 0.99-0.95 (m,
6H).

1-Methoxy-3-[4-(1- i-propyl)-1-cyclohexen-1-yl|-benzene

[0154] The title compound was prepared according to GP3 from 4-(1-i-
propyl)-1-cyclohexenyl-1-trifluoromethanesulfonate  (2.18 g, 8.0 mmol) and 2-
methoxyphenylzinc bromide (16 mL, 1.0 M, 16.0 mmol). The product was purified by
flash chromatography (silica, heptane). Yield: 1.63 g. GC-FID Ryi 6.07  min
(Method50)

Example 6 — Vinylaromatic Compounds, general procedure 4 (GP4)

[0155] The vinylaromatic compounds were prepared as exemplified below
using cycloheptanone and phenylmagnesium chloride.

1-Phenylcycloheptene, General procedure 4 (GP4)

[0156] Mesitylmagnesium bromide (18.0 mL, 18.0 mmol, 1.0 M in THF) was
added over 15 minutes to a solution of cycloheptanone (2.0 g, 17.8 mmol) and diphenyl
chlorophosphate (1.1 eq.) in THF (5 mL) at 0 °C. The solution was stirred at 0 °C for 30
min, whereafter the solution was allowed to reach room temperature. After stirring the
solution for 30 min, dichlorobis(triphenylphosphine)palladium (126 mg, 1 mol%) was
added and the solution was warmed to 65 °C. Phenylmagnesium chloride (10.8 mL, 1.2
equivalents in THF) was added over 10 minutes, resulting in a gentle reflux of the
solvent. After stirring at 65 °C for 30 minutes, the mixture was cooled to rt and poured
into a mixture of 3 N HCI (30 mL) and pentane (30 mL). The phases were separated, and
the aqueous portion was extracted with pentane (30 mL). The combined organic phase
was washed sequentially with 3 N HC1 (20 mL), 3 M NaOH (2 x 20 mL), and brine (20
mL), and dried over MgSO4. Evaporation of the solvent followed by distillation using a
Kugelrohr apparatus (oven temperature 100-140 °C, 0.065 torr) yielded 1-
phenylcycloheptene (1.29 g, 43%).

[0157) 'H-NMR (400 MHz, CDCls) § 7.37-7.20 (m, 5H), 6.11 (t, 1H), 2.65
(m, 2H), 2.30 (m, 2H), 1.88 (m, 2H), 1.70 (m, 2H), 1.60 (m, 2H).

[0158] BC.NMR (100 MHz, CDCly) 8 145.2, 140.5, 130.5, 128.3 (2C), 126.5,
126.0 (2C), 33.0, 32.9, 29.0, 27.1, and 27.0.

[0159] 1-Phenylcycloheptene was also synthesized according to GP3

1-(3-Fluorophenyl)-cycloheptene
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[0160] 1-(3-Fluorophenyl)-cycloheptene was prepared according to GP4 and
GP3 described above and isolated by column chromatography. '"H-NMR (400 MHz,
CDCly) & 7.27-7.20 (m, 1H), 7.10 (m, 1H), 7.0 (m, 1H), 6.95-6.85 (m, 1H), 6.10 (t, 1H, J
= 8.0 Hz), 2.6 (m, 2H), 2.33-2.23 (m, 2H), 1.89-1.8 (m, 2H), 1.7-1.5 (m, 4H). BC-NMR
(100 MHz, CDCL3) 8 163.0 (d, J =242 Hz), 147.7 (d, ] =20 Hz), 144.3,131.7,129.7 (d,J
=20 Hz), 121.5, 113.1 (d, J =22 Hz), 112.7 (d, J = 22 Hz), 32.9, 32.8, 29.0, 27.0,26.9.

1-(2-Fluorophenyl)-cycloheptene

[0161] 1-(2-Fluorophenyl)-cycloheptene was prepared according to GP3
described above and isolated by column chromatography. Re= 0.85 (heptane).

1-(4-Fluorophenyl)-cycloheptene

[0162] 1-(4-Fluorophenyl)-cycloheptene was prepared according to GP3 and
GP4 described above and isolated by column chromatography.

[0163] 'H-NMR (400 MHz, CDCls) § 7.35-7.25 (m, 2H), 7.00-6.90 (m, 2H),
6.05 (t, 1H, J = 8.0 Hz), 2.60 (m, 2H), 2.33-2.23 (m, 2H), 1.90-1.80 (m, 2H), 1.70-1.50
(m, 4H).

[0164] '>C-NMR (100 MHz, CDCls) 8 161.9 (d, J = 244 Hz), 144.2, 141.3 (d,
=3 Hz), 130.5, 127.4 (d, 2C, T = 8 Hz), 115.0 (d, 2C, J = 21 Hz), 33.2, 32.9, 29.0, 27.1,
27.0.

1-Phenylcyclooctene

[0165] 1-Phenylcyclooctene was prepared according to GP3 and GP4
described above and isolated by Kugelrohr distillation (oven temperature 120-140 °C,
0.065 torr). Yield (1.5 g, 60%).

[0166] 'H-NMR (400 MHz, CDCl3) & 7.44-7.39 (m, 2H), 7.33-7.18 (m, 3H),
6.01 (t, 1H, J = 8.0 Hz), 2.67-2.61 (m, 2H), 2.34-2.26 (m, 2H), 1.70-1.50 (m, 8H). Be.
NMR (100 MHz, CDCl3) § 143.4, 140.5, 128.4 (2C), 128.2, 126.6, 126.0 (2C), 30.2, 29.7,
28.7,27.6,27.1,26.4.

1-Methoxy-4-(1-phenyl-cyclohexyl)-benzene, procedure A

[0167] A mixture of AuCls (7.6 mg, 0.025 mmol) and AgOTf (19.3 mg, 0.075
mmol) was stirred in dichloromethane (2 mL) for 30 min. Anisole (54 mg, 0.5 mmol) and
1-Phenyl-1-cyclohexene (158 mg, 1 mmol) were then added sequentially. The resulting
mixture was stirred at room temperature overnight. Evaporation of the solvent under

reduced pressure gave 130 mg of crude material. Flash chromatography (heptane:ethyl
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acetate 95:5) afforded 90 mg of a as a colorless oil. R¢=0.33 (heptane:ethyl acetate 95:5).
'H-NMR (400 MHz, CDCls): 7.27-7.25 (m, 4H), 7.19 (d, 2H, J=8.8 Hz), 7.12 (m, 1H),
6.81 (d, 2H, J=8.8 Hz), 3.77 (s, 3H), 2.30-2.20 (m, 4H), 1.62-1.44 (m, 6H).

1-Methoxy-4-(1-phenyl-cyclohexyl)-benzene (B), procedure B

[0168] 4-(1-phenylcyclohexyl)phenol (20 mg, 0.08 mmol) was dissolved in
DMF (2 mL). A suspension of NaH in oil (60%, 5 mg, 0.125 mmol) was added. After
stirring for 5 minutes methyl iodide (0.05 mL; 0.8 mmol) was added. The reaction
mixture was stirred for 2 h. (tlc indicated full conversion of the starting material) then
quenched with water (10 mL). Dichloromethane (10 mL) was added. The mixture was
shaken and the organic phase separated off, dried (Na;SOx) and concentrated to syrup.
The title product was afforded after work-up by flash-chromatography (eluent
dichloromethane). Yield: 20 mg, quantitatively. LC-MS purity (UV/MS): 100/-, R; 6.48
min. "H NMR data were in accordance with the data written above.
Example 7 — General procedure 5 (GP5)

4-(1-Phenylcyclohexyl)phenol (ERB-002 )

[0169] 1-Phenyl-1-cyclohexene (1 g, 6.3 mmol ), phenol (1.5 g, 15.9 mmol )
and BF; H;PO, (0.05 mL) were mixed and shaken at 80°C overnight. Dichloromethane

(30 mL) was added and the organic phase was washed with saturated NaHCOj (aq.) (2 x
10 mL), dried (Na,SOy) and concentrated. The title compound was crystallised from a
mixture of methanol and water. Yield: 1040 mg. '"H NMR (400 MHz, CDCl3): § 7.28-
7.25 (m, 4H), 7.16-7.10 (m, 3H), 6.75-6.70 (m, 2H), 4.51 (br. s, 1H), 2.28-2.22 (m, 4H),
1.60-1.52 (m, 4H), 1.52-1.45 (m, 2H). °C NMR (100 MHz, CDCl): § 153.25, 149.15,
141.22, 128.63, 128.39, 127.29, 125.55, 115.21, 45.89, 37.50, 26.63, 23,14. LC-MS
purity (UV/MS): 100/100%, R; 5.07 min, M-1: 251.62.
4-(1-(2-Fluoro-phenylcyclohexylphenol (ERB-003 )

[0170] The title compound was prepared adcording to GP5 from 1-
(cyclohexen-1-yl)-2-fluorobenzene (400 mg, 1.99 mmol). Yield: 0.488 g white powder.
'H NMR (400 MHz, CDCl3): § 7.40 (ddd, 2.3 Hz, 8.1 Hz, 8.3 Hz, 1H), 7.18-7.06 (m, 3H),
6.88 (ddd, 2.3 Hz, 8.1 Hz, 12.7 Hz, 1H), 6.74-6.69 (m, 2H), 4.51 (br. s, 1H), 2.48-2.36
(m, 2H), 2.22-2.13 (m, 2H), 1.67-1.41 (m, 6H). LC-MS purity (UV/MS): 100/100%, R¢
4.98 min, M-1: 269.16.

4-(1-(3,5-Difluoro-phenylcyclohexyl)phenol (ERB-008 )
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[0171]  The title compound was prepared according to GP5 from 1-
(cyclohexen-1-yl)-3,5-difluorobenzene (400 mg, 1.99 mmol). Yield: 330 mg white
powder. LC-MS purity (UV/MS): 100/100%, R 5.08 min, M-1: 287.17.

4-(1-(3,4-Difluoro-phenylcyclohexyl)phenol (ERB-009 )

[0172] The title compound was prepared according to GP5 from 1-
(cyclohexen-1-yl)-3,4-difluorobenzene (400 mg, 1.99 mmol). Yield: 230 mg white
powder. "H NMR (400 MHz, CDCly): 8 7.18-7.12 (m, 2H), 7.12-6.95 (m, 3H), 6.84-6.76
(m, 2H), 5.44 (br. s, 1H), 2.40-2.05 (m, 4H), 1.67-1.30 (m, 6H). LC-MS purity (UV/MS):
100/98%, R; 5.08 min, M-1: 287.22.

4;[1 -(2,6-Difluoro-phenyl)-cyclohexyl]-phenol (ERB-010)

[0173] The title compound was prepared according to GP5 from 1-
(cyclohexen-1-yl)-2,6-difluorobenzene (200 mg, 1.0 mmol). Yield: 218 mg white powder.
'H NMR (400 MHz, CDCL): § 7.24-7.18 (m, 2H), 7.18-6.98 (m, 1H), 6.82-6.76 (m, 2H),
6.72-6.68 (m, 2H), 5.48 (br. s, 1H), 2.85-2.76 (m, 2H), 1.95-1.85 (m, 2H), 1.76-1.64 (m,
2H), 1.64-1.34 (m, 4H). LC-MS purity (UV/MS): 100/100%, Ry 5.08 min, M-1: 287.60.

4-(1-Phenyl-[4-(trifluoromethyl)-cyclohexyl])-phenol (ERB-030)

[0174] The title compound was prepared according to GPS from [4-
(trifluoromethyl)-1-cyclohexen-1-yl]-benzene (200 mg, 1.0 mmol). Yield: 228 mg.

[0175] ERB-030: 'H NMR (400 MHz, CDCl3): & 7.35-7.08 (m, 7H), 6.82-
6.77 (m, 2H), 4.80 (br. s, 1H), 2.80-2.75 (m, 2H), 2.23-2.10 (m, 1H), 1.99-1.82 (m, 4H),
1.62-1.55 (m, 2H). LC-MS purity (UV/MS): 100 /100 R; 9.16 min, M-1: 319.19.

[0176] Isomer of ERB-030: 'H NMR (400 MHz, CDCl): § 7.38-7.15 (m,
5H), 7.10-6.98 (m, 2H), 6.72-6.64 (m, 2H), 4.67 (br. s, 1ﬁ), 2.82-2.71 (m, 2H), 2.21-2.15
(m, 1H), 2.00-1.82 (m, 4H), 1.62-1.50 (m, 2H). LC-MS purity (UV/MS): 100/ 100, R;
9.21 min, M-1: 319.19.

4-(1-(4-F. lourophenyl)-[4-(triﬂuoromethyl)-cyclohexyl])—phenol (ERB-031)

[0177] The title compound was prepared according to GP5 from 4-fluoro-[4-
(trifluoromethyl)-1-cyclohexen-1-yl]-benzene (200 mg, 1.0 mmol). Yield: 221 mg.

[0178] ERB-031: 'H NMR (400 MHz, CDCl;): 8 7.18-7.11 (m, 2H), 7.10-
7.07 (m, 2H), 6.92-6.87 (m, 2H), 6.83-6.80 (m, 2H), 4.80 (br. s, 1H), 2.72-2.64 (m, 2H),
2.22-2.08 (m, 1H), 1.95-1.85 (m, 4H), 1.59-1.47 (m, 2H). LC-MS purity (UV/MS):
100/100%, R; 9.28 min, M-1: 337.17.
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[0179] Isomer of ERB-031: 'H NMR (400 MHz, CDCls): 8 7.32-7.24 (m,
2H), 7.08-6.96 (m, 2H), 6.72-6.66 (m, 2H), 4.73 (br. s, 1H), 2.74-2.66 (m, 2H), 2.22-2.08
(m, 1H), 1.96-1.86 (m, 4H), 1.56-1.44 (m, 2H). LC-MS purity (UV/MS): 100/100%, Ry
9.24 min, M-1: 337.17.

4-(1-(3-Flourophenyl)-[4-( trifluoromethyl)-cyclohexyl])-phenol (ERB-032)

[0180] The title compound was prepared according to GP5 from 4-fluoro-[4-
(trifluoromethyl)-1-cyclohexen-1-yl]-benzene (200 mg, 1.0 mmol). Yield: 221 mg. The
diastereomers were separated by flash chromatography.

[0181] ERB-032: 'H NMR (400 MHz, CDCl3) 8 7.48-7.44 (m, 1H), 7.24-7.13
(m, 2H), 7.08-7.03 (m, 2H), 6.96-6.90 (m, 1H), 6.72-6.67 (m, 2H), 4.73 (br. s, 1H), 2.94-
2.86 (m, 2H), 2.20-2.08 (m, 1H), 1.98-1.90 (m, 2H), 1.88-1.78 (m, 2H), 1.60-1.48 (m,
2H). LC-MS purity (UV/MS): 100/100%, R, 9.21 min, M-1: 337.17.

[0182] Isomer of ERB-032: 'H NMR (400 MHz, CDCl;): § 7.26-7.21 (m,
2H), 7.18-7.11 (m, 2H), 7.05-7.00 (m, 1H), 6.90-6.85 (m, 1H), 6.80-6.76 (m, 2H), 4.78
(br. s, 1H), 2.90-2.81 (m, 2H), 2.22-2.10 (m, 1H), 2.10-1.99 (m, 2H), 1.90-1.84 (m, 2H),
1.62-1.48 (m, 2H). LC-MS purity (UV/MS): 100/100%, R; 9.28 min, M-1: 337.17.

4-[1-(2-Fluoro-phenyl)-4-isopropyl-cyclohexyl]-phenol (ERB-039)

[0183] The title compound was prepared according to GP5 from 1-fluoro-2-
[4-(1-i-propyl)-1-cyclohexen-1-yl]-benzene (200 mg, 1.0 mmol). Yield: 180 mg. The
diastereomers were separated by flash chromatography

[0184] ERB-039: 'H NMR (400 MHz, CDCl3): & 7.68-7.52 (m, 1H), 7.24-
7.10 (m, 2H), 7.10-7.04 (m, 2H), 6.95-6.86 (m, 1H), 6.71-6.64 (m, 2H), 4.66 (br. s, 1H),
2.84-2.75 (m, 3H), 1.90-1.73 (m, 4H), 1.40-1.25 (m, 3H), 0.83 (d, 6H, 7 Hz). LC-MS
purity (UV/MS): 100/100%, R; 6.10 min, M-1: 311.51.

[0185] Isomer of ERB-039: 'H NMR (400 MHz, CDCls) § 7.30-7.22 (m, 3H),
7.17-7.08 (m, tH), 7.07-7.00 (m, 1H), 6.90-6.80 (m, 1H), 6.78-6.74 (m, 2H), 4.58 (br. s,
1H), 2.82-2.74 (m, 2H), 2.04-1.93 (m, 2H), 1.70-1.64 (m, 2H), 1.38-1.12 (m, 4H), 0.83 (d,
6H, 7 Hz). LC-MS purity (UV/MS): 100/86%, R; 6.16 min, M-1: 311.52.

4-[1-(3-Fluoro-phenyl)-4-isopropyl-cyclohexyl]-phenol (ERB-037)

[0186] The title compound was prepared according to GP5 from 1-fluoro-3-
[4-(1-i-propyl)-1-cyclohexen-1-yl]-benzene (200 mg, 1.0 mmol). Yield: 150 mg. The

diastereomers were separated by flash chromatography
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[0187] ERB-037: 'H NMR (400 MHz, CDCl3): 8 7.24-7.18 (m, 2H), 7.18-
7.12 (m, 1H), 6.96-6.92 (m, 1H), 6.89-6.84 (m, 1H), 6.82-6.74 (m, 3H), 4.66 (br. s, 1H),
2.64-2.58 (m, 2H), 1.92-1.82 (m, 2H), 1.73-1.65 (m, 2H), 1.38-1.13 (m, 4H), 0.82 (d, 6H,
7 Hz). LC-MS purity (UV/MS): 100/ -, R; 6.87 min, M-1: 311.

[0188] Isomer of ERB-037: 'H NMR (400 MHz, CDCl3) 8 7.29-7.20 (m, 1H),
7.14-7.10 (m, 1H), 7.08-7.00 (m, 3H), 6.88-6.81 (m, 1H), 6.70-6.64 (m, 2H), 4.58 (br. s,
1H), 2.66-2.58 (m, 2H), 1.94-1.82 (m, 2H), 1.75-1.67 (m, 2H), 1.37-1.24 (m, 1H), 1.19-
1.10 (m, 3H), 0.82v (d, 6H, 7 Hz). LC-MS purity (UV/MS): 100/100%, Rq 6.16 min, M-
1:311.

4-[4-Isopropyl-1-(3-methoxy-phenyl)-cyclohexyl]-phenol (ERB-038)

[0189] The title compound was prepared according to GP5 from 1-methoxy-3-
[4-(1-i-propyl)-1-cyclohexen-1-yl]-benzene (200 mg, 1.0 mmol). The diastereomers were
separated by flash chromatography '

[0190] ERB-038: '"H NMR (400 MHz, CDCl;): & 7.28-7.20 (m, 2H), 7.08-
7.02 (m, 2H), 6.96-6.92 (m, 1H), 6.73-6.62 (m, 3H), 4.58 (br. s, 1H), 3.80 (s, 3H), 2.68-
2.60 (m, 2H), 1.94-1.82 (m, 2H), 1.38-1.08 (m, 4H), 0.82 (d, 6H, 7 Hz). LC-MS purity
(UV/MS): 100/ 100, R; 6.87 min, M-1: 323.

[0191] Tsomer of ERB-038: 'H NMR (400 MHz, CDCl3) 8 7.29-7.20 (m, 3H),
7.19-7.10 (m, 1H), 6.80-6.72 (m, 3H), 6.68-6.60 (m, 1H), 4.60 (br. s, 1H), 3.74 (s, 3H),
2.66-2.58 (m, 2H), 1.94-1.83 (m, 2H), 1.38-1.05 (m, 4H), 0.80 (d, 6H, 7 Hz). LC-MS
purity (UV/MS): 100/100%, R; 6.16 min, M-1: 323.

4-(1-Phenyl-cycloheptyl)-phenol (ERB-012)

[0192] The title compound was prepared according to GP5 with a yield of
40%-70%. LC-MS purity (UV/MS): 100/100%, R; 5.35 min. "H-NMR (400 MHz, CDCls)
8 7.28-7.10 (m, 5H), 7.04 (d, 2H, J = 8.8 Hz), 6.70 (d, 2H, T = 8.8 Hz), 4.55 (s, 1H), 2.35-
2.20 (m, 4H), 1.78-1.60 (m, 4H), 1.60-1.50 (m, 4H).

4-[1-(4-Fluoro-phenyl)-cycloheptyl]-phenol (ERB-013)

[0193] The title compound was prepared according to GP5 with a yield of
40%-70%. LC-MS purity (UV/MS): 100/100%, R; 9.89 min. '"H-NMR (400 MHz, CDCl3)
$ 7.15 (m, 2H), 7.01 (d, 2H, J = 8.7 Hz), 6.95 (m, 2H), 6.75 (d, 2H, J = 8.7 Hz), 4.55 (br.
s, 1H), 2.30-2.20 (m, 4H), 1.75-1.40 (m, 8H).

4-[1-(4-Fluoro-phenyl)-cycloheptyl]-benzene-1,2-diol (ERB-014)
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[0194]  The title compound was prepared according to GP5 with a yield of
40%-70%. LC-MS purity (UV/MS): 86/100%, R; 9.05 min. "H-NMR (400 MHz, CDCls)
& 7.17-7.10 (m, 2H), 6.96-6.70 (m, 3H), 6.60 (m, 2H), 5.15-4.85 (m, 2-3H), 2.30-2.10 (m,
4H), 1.70-1.40 (m, 8H).

4-[1-(3-Fluoro-phenyl)-cycloheptyl]-phenol (ERB-015)

[0195]  The title compound was prepared according to GP5 with a yield of
40%-70%. LC-MS purity (UV/MS): 99/93%, R; 9.88 min. '"H-NMR (400 MHz, CDCl;) 8
7.30-6.68 (m, 4H), 7.12 (d, 2H, J = 8.8 Hz), 6.74 (d, 2H, J = 8.8 Hz), 4.55 (s, 1H), 2.26
(m, 1H), 2.0 (m, 1H), 1.72-1.50 (m, 8H), 1.30-1.10 (m, 2H).

4-[1-(2-Fluoro-phenyl)-cycloheptyl]-phenol (ERB-016)

[0196] The title compound was prepared according to GP5 with a yield of
40%-70%. "H-NMR (400 MHz, CDCls) & 7.44 (m, 1H), 7.22-7.10 (m, 2H), 7.02 (d,2H,J
= 8.8 Hz), 6.92-6.86 (m, 1H), 6.70 (d, 2H, J = 8.8 Hz), 4.51 (s, 1H), 2.42-2.26 (m, 4H),
1.82-1.52 (m, 8H). *C-NMR (100 MHz, CDCL;) & 161.7 (d, J = 249 Hz), 153.2, 143.2,
137.4 (d, T = 11 Hz), 128.0 (d, J = 5 Hz), 127.9 (d, ] = 9 Hz), 127.7 (20), 1235, J=3
Hz), 116.8 (d, ] = 24 Hz), 114.9 (2C), 48.7 (d, T =2 Hz), 39.4 (d, =2 Hz), 30.6, 24.6.

4-(1-Phenyl-cyclooctyl)-phenol (ERB-017)

[0197] The title compound was prepared according to GP5 with a yield of
40%-70%. "H-NMR (400 MHz, CDCl;) & 7.26-7.10 (m, 5H), 7.09 (d, 2H, J = 8.8 Hz),
6.71 (d, 2H, T = 8.8 Hz), 2.34-2.28 (m, 4H), 1.68-1.54 (m, 6H), 1.46-1.38 (m, 4H).

4-(1-Phenyl-cpcloheptyl)-benzene-1,2-diol (ERB-035)

[0198] The title compound was prepared according to GP5 with a yield of
40%-70%. "H-NMR (400 MHz, CDCls) & 7.28-7.10 (m, 5H), 6.76-6.72 (m, 1H), 6.67-
6.63 (m, 2H), 4.90 (bs, 1H), 2.30-2.10 (m, 4H), 1.8-1.4 (m, 8H).

2-Methyl-4-[1-(3-Fluoro-phenyl)-cycloheptyl]-phenol (ERB-036)

[0199]  The title compound was preparéd according to GP5 with a yield of
40%-70%. LC-MS purity (UV/MS): 94/100%, R; 10.37 min.

4-(1-(2,4-Difluoro-phenyl)-cyclohexyl)-phenol (ERB-011)

[0200]  The title compound was prepared according to GP5 with a yield of
40%-70%. "H-NMR (400 MHz, CDCL3) § 7.34 (m, 1H), 7.12 (d, 2H, J = 8.4 Hz), 6.82 (m,
1H), 6.72 (d, 2H, J = 8.4 Hz), 6.64 (m, 1H), 4.50 (s, 1H), 2.36 (m, 2H), 2.18 (m, 2H),
1.66-1.40 (m, 6H).
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4-(1-(2,5-Difluoro-phenyl)-cyclohexyl)-phenol (ERB-044)

[0201] The title compound was prepared according to GP5 with a yield of
40%-70%. "H-NMR (400 MHz, CDCLs) & 7.14 (d, 2H, J = 8.8 Hz), 7.14-7.06 (m, 1H),
6.83 (m, 2H), 6.73 (d, 2H, T = 8.0 Hz), 4.50 (s, 1H), 2.35 (m, 2H), 2.20 (m, 2H), 1.66-1.40
(m, 6H).

4-(1-(2-Fluoro-5-chloro-phenyl)-cyclohexyl)-phenol (ERB-045)

[0202] The title compound was prepared according to GP5 with a yield of
40%-70%. "H-NMR (400 MHz, CDCls) § 7.38 (dd, 1H, J = 8.0 Hz, 4.4 Hz), 7.17-7.09
(m, 1H), 7.14 (d, 2H, J = 8.4 Hz), 6.86-6.74 (m, 1H), 6.73 (d, 2H, J = 8.4 Hz), 4.58 (s,
1H), 2.33 (m, 2H), 2.21 (m, 2H), 1.54 (m, 6H).

Example 8 — tert-Butyl 1-((4-( 1-phenylcyclohexyl)phenoxy)carbonyl)-2-

methylpropylcarbamate

[0203] To a stimed solution at room temperature of 4-(1-
phenylcyclohexyl)phenol (311 mg, 1.23 mmol) in dry THF (2 mL) was added BocValOH
(295 mg, 1.36 mmol) dissolved in THF (2 mL). A solution of DIC (231 pL; 1.48 mmol)
in THF (2 mL) was added drop wise, which caused precipitation after a few minutes.
After 5 min DMAP (166 mg; 1.36 mmol) was added and stirring was continued for 19h.
The reaction mixture was concentrated in vacuo and purified by flash chromatography
(eluent: EtOAc (0-10%) in heptane) affording 517 mg (1.14 mmol; 93%) of coloutless oil.
LC-MS purity (UV/MS): 100/100%, R; 6.77min, M+18: 469.53.

Example 9 — 4-(1-Phenylcyclohexyl)phenyl 2-amino-3-methylbutanoate

[0204] To a stirred solution at room temperature of fert-butyl 1-((4-(1-
phenylcyclohexyl)phenoxy)carbonyl)-2-methylpropy1carbamate (142 mg, 0.31 mmol) in
dry DCM (3 mL) was added TFA (300 pL), which caused gas evolution. Stirring was
continued. After 1h the reaction mixture was concentrated in vacuo to afford 96 mg
(0.21mmol; 67%) of colourless oil. LC-MS purity (UV/MS): 92/97%, R, 5.45 min, M+1:
352.49. '"H NMR (400MHz, CDCls): 11.12 (br s), 7.76 (br s), 7.29 (4, 2H, J = 8.8Hz),
7.27 (d, 4H, J = 4.8Hz), 7.13-7.16 (m, 1H), 6.95 (d, 2H, ] = 8.8Hz), 6.16(d, 1H, J =
4.0Hz), 2.40-2.48 (m, 1H), 2.18-2.33 (m, 4H), 1.50-1.58 (m, 6H), 1.05-1.08 (m, 6H).

Example 10 —2-( 2—tert—Butoxvcarbonvlamino—3-methvl-butvrvlamino)—S-methvl—butvric

acid 4-(1-phenyl-cyclohexyl)-phenyl ester

[0205] To a stirred mixture at room temperature of PS-carbodiimide (1.2g;
1.32mmol) and 4-(cyclohexyl-phenyl)methyl-hydroxybenzene (152mg, 0.60mmol) in dry
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THF (2mL) was added BocValValOH (285mg, 0.90mmol) dissolved in THF (2mL).
After 5 min, DMAP (81mg; 0.66mmol) was added and stirring was continued for 47h.
The reaction mixture was filtered and concentrated in vacuo and purified by CC using
EtOAc (0-25%) in heptane affording 297mg (0.54mmol; 90%) of colourless oil. LCMS
purity (UV/MS): 89/100%, R; 7.61min, M+1: 551.53.

Example 11 — 2-(2-Amino-3-methyl-butyrylamino)-3-methyl-butyric acid 4-(1-phenyl-

cyclohexyl)-phenyl ester

[0206] To a stirred solution at room temperature of 4’-(cyclohexyl)-
(phenyl)methyl-1°-(2-zert-butoxycarbonylamino-2-[2-methyl] ethyl)acetoxybenzene
(297mg, 0.54mmol) in dry DCM (3mL) was added TFA (300uL), which caused gas
evolution. Stirring was continued. After 1h the reaction mixture was concentrated in
vacuo to afford 240mg (0.43mmol; 79%) of colourless oil as a mixture of isomers. LCMS
purity (UV/MS): 100/98%, R; 4.64/4.95min, M+1: 451.56. 'H NMR (400MHz, CDCl3):
8.52 (br s), 7.63 (br s), 7.26-7.29 (m, 13H), 7.12-7.16 (m, 1H), 7.06 (d, 1H, J = 7.6Hz),
6.95 (d, 1H, T = 8.8Hz), 6.92 (d, 1H, J = 8.8Hz), 4.71-4.74 (m, 1H), 4.60-4.63 (m, 1H),
4.17-4.21 (m, 2H), 2.44 (m, 1H), 2.16-2.41 (m, 12H), 1.47-1.57 (m, 12H), 0.98-1.05 (m,
24H).

Example 12 — 2-Todo-4-(1-phenyl-cyclohexyl)-phenol (ERB-026)
[0207] 4-(1-Phenyl-cyclohexyl)-phenol (600 mg, 2.38 mmol) was dissolved in

acetic acid (10 mL). N-iodosuccinimid (537 mg, 2.38 mmol) was added. The mixture was
stirred for 4 h., concentrated and worked-up on the combiflash (10 gvcolumn, 0-10% ethyl
acetate in heptane). 718 mg (80%) of the desired product, 90 mg (7.5 %) of 2,6-diiodo-4-
(1-phenyl-cyclohexyl)-phenol and 20 mg (3%) of starting material were isolated.

[0208] LC-MS purity (UV/MS): 100/100%, R; 6.32/6.54 min, M-1: 476. 'H
NMR (400MHz, CDCl;): 7.58 (d, 1H, J = 2.4 Hz),'7.34—7.24 (m, 4H), 7.19-7.14 (m, 1H),
7.12 (dd, 1H, J = 2.4 Hz, J = 8.6 Hz), 6.88 (d, 1H, J = 8.6Hz), 5.18 (br. s, 1H), 2.23-2.15
(m, 4H), 1.62-1.44 (m, 6H).
Example 13 — 2-Todo-1-methoxy-4-(1-phenyl-cyclohexyl)-benzene

[0209] NaH (60% in mineral oil, 60 mg, 1.50 mmol) was added an ice-cooled
solution of 2-iodo-4-(1-phenyl-cyclohexyl)-phenol (400 mg, 1.06 mmol) in DMF (10

mL). Methyl iodide (125 pL, 2.0 mmol) was added. The reaction temperature was allowed
to reach room temperature. The mixture was stirred for 2 h, then quenched with water 10

mL and extracted with dichloromethane (2 x 20 mL). The combined organic phase was
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dried (N2,SO;) and concentrated in vacuo. The residue was taken up in water (20 mL)
and extracted with dichloromethane. The organic phase was dried (Na;SO) and
concentrated in vacuo. 'H-nmr of the syrup (430 mg) indicated full conversion to the
methyl ether. "H NMR (400MHz, CDCly): 7.71 (4, 1H, J = 2.1 Hz), 7.32-7.25 (m, 4H),
7.18 (dd, 1H, J =2.1 Hz, J = 8.8 Hz), 7.17-7.13 (m, 1H), 6.72 (d, 1H, J = 8.8Hz), 3.83 (s,
3H), 2.32-2.18 (m, 4H), 1.62-1.44 (m, 6H).
Example 14 — 2-Fluoro-1-methoxy-4-(1-phenyl-cyclohexyl)-benzene

[0210] A solution of n-butyl lithium in hexane (1 mL, 1.6 M, 1.6 mmol) was

added dropwise to a solution of 2-iodo-1-methoxy-4-(1-phenyl-cyclohexyl)-benzene (200
mg, 0.51 mmol) and N-fluoro-benzenesulfonimide (320 mg, 1.02 mmol) in dry THF (5
mL) at —78°C under an argon atmosphere. The mixtures was stirred at —78°C for2h. A
GC run after 1h and 2 h indicated no further conversion of the starting material. A
saturated solution of NH4Cl (10 mL) was added. The mixture was extracted with
dichloromethane (2 x 20 mL), the combined organic phase was dried (Na;SO4) and
concentrated in vacuo and worked-up by flash-chromatography. The desired product was
isolated in an approx. 75% purity according to a "H nmr spectrum of the isolated mixture.
The mixture was used without further purification in the next reaction.

[0211] 'H NMR (400MHz, CDCly): 7.32-7.24 (m, 4H), 7.20-7.11 (m, 1H),
7.04-6.95 (m, 1H), 7.02-6.94 (m, 2H), 6.89-6.84 (m, 1H), 3.85 (s, 3H), 2.32-2.18 (m, 4H),
1.61-1.50 (m, 6H).

Example 15 — 2-Fluoro-4-(1-phenyl-cyclohexyl)-phenol (ERB-006)

[0212] A solution of the crude 2-fluoro-1-methoxy-4-(1-phenyl-cyclohexyl)-
benzene in dichloromethane (100 mg, 0.25 mmol, 2 mL) was added to a solution of
borane tribromide in dichloromethane (1 M, 0.25 ml, 025 mmol) at —78°C under an argon
atmosphere and stirred at r.t for 3 h. Water (10 mL) was added and the mixture was
extracted with dichloromethane (2 x 10 mL). The combined organic phase was dried
(Na,SO,) and concentrated to a syrup. Work-up by flash-chromatography (eluent: 30 —
80% dichloromethane in heptane) gave the title product in a yield of 50 mg.

[0213]  LC-MS purity (UV/MS): 100/100%, R; 5.15/5.19 min, M-1: 269.6. 'H
NMR 7.31-7.24 (m, 5H), 7.17-7.12 (m, 1H), 6.96 (ddd, 1H, J = 2.0 Hz, ] = 12.9 Hz, J =
14.7 Hz.), 6.91 (dd, 1H, J = 8.4 Hz, J = 17.1 Hz), 4.98 (br. s, 1H), 2.28-2.18 (m, 4H),
1.61-1.48 (m, 6H).

Example 16: Receptor Selection and Amplification Technology Assay
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[0214] The functional receptor assay, Receptor Selection and Amplification
Technology (R-SAT™), was used with minor modifications from the procedure described
in U.S. Patent No. 5,707,798, which is hereby incorporated by reference in its entirety, to
screen compounds for efficacy at the Estrogen receptors alpha and beta (ERa, ERP).
NIH3T3 cells were grown in roller bottles to 70-80% confluence. Cells were then
transfected for 12-16 h with plasmid DNAs using Polyfect (Qiagen Inc.) as per the
manufacturer’s protocol. R-SAT assays were typically performed by transfecting 30
ug/bottle of receptor and 50 ug/bottle of B-galactosidase plasmid DNA. All receptor and
helper constructs used were in mammalian expression vectors. Helpers are defined as
signaling molecules that modulate both ligand-dependent and/or ligand-independent
function of the ER receptors, typically co-activators and kinases. NIH3T3 cells were
transfected for 12-16 h, then trypsinized and frozen in DMSO. Frozen cells were later
thawed, plated at 10,000-40,000 cells per well of a 96 well plate containing 4-(1-Phenyl-
cyclohexyl)-phenol. Cells were then grown in a humidified atmosphere with 5% ambient
CO, for five days. Media was then removed from the plates and marker gene activity was
measured by the addition of the p-galactosidase substrate o-nitrophenyl B-D-
galactopyranoside (ONPG, in PBS with 5% NP-40). The resulting colorimetric reaction
was measured in a spectrophotometric plate reader (Titertek Inc.) at 420 nM. All data
were analyzed using the computer program XLFit (IDBSm).

[0215] These experiments provided a molecular profile, or fingerprint, for
each agent tested at the human Estrogen receptors. As can be seen in Table 1 and Figure
1, 4-(1-Phenyl-cyclohexyl)-phenol (ERB-002) selectively activates Estrogen beta receptor
(ERB) relative to the Estrogen alpha receptor (ERo).
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TABLE 1

Compound pPECso %Efficacy pECso %Efficacy

ERo, ERo, ERB ERB
ERB-002 5.5 50 7.2 85
ERB-004 5.5 77 7.5 90
ERB-005 5.4 48 7.2 63
ERB-007 5.8 30 7.1 57
ERB-009 5.4 100 7.2 138
ERB-011 [ <5.0 20 7.1 37
ERB-012 6.2 69 6.9 41
ERB-014 5.9 120 7.1 87
ERB-017 6.6 80 8.2 46
ERB-025 <5.0 20 <5.0 29
ERB-030 5.6 95 7.2 46
ERB-031 5.6 124 6.1 62
ERB-037 5.8 114 8.1 48
ERB-043 <5.0 13 7.0 25

Efficacy is relative to the reference ligand Estrone.

Example 17 — CFA induced arthritis rat model assay

[0216] Naive, male Sprague-Dawley rats (225 — 250 g; n = 6 per group) served
as subjects. Response latencies to a noxious thermal stimulus were measured using the
52°C hot plate test. After obtaining baseline responses, 0.1 ml of Freund’s complete
adjuvant (CFA) or vehicle (inactivated CFA (iCFA)) was injected into the dorsal surface
of the left hind paw. Response latencies were again measured 4 days following CFA (or
iCFA) administration, a time point when thermal hyperalgesia is stable. A significant
decrease in the hot plate latency was interpreted as the presence of thermal hyperaigesia.
Following testing, thickness of both hind paws were measured (using a micrometer) in
order to quantify possible edema formation at the injection site. Various doses of 4-(1-
Phenyl-cyclohexyl)-phenol (ERB-002) (1.0, 3.0 or 10 mg/kg) or vehicle (DMSO) were
administered (s.c.) following testing on Day 4, and then daily following testing for a
period of 3 days. Figure 2 illustrates the dose dependent reversal of thermal hyperalgesia
in this model. Figure 3 illustrates the dose dependent reversal of edema in this model.
Example 18 - Uterotrophic in vivo assay

[0217] The effect of ERB-002 on uterine weight was assessed based on the
previously published method of Harris et al., Endocrin, 2003, 143:4172, which is hereby

incorporated by reference in its entirety. Naive, female Sprague-Dawley rats (30 —40 g; n
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= 6 per group) served as subjects. Rats received daily subcutaneous injections of vehicle
(100% DMSO), PPT (1.0 mg/rat) ), a reportedly selective ERa agonist (Stauffer, 2000, J
Med Chem 43:4934) or various doses of ERB-002 (10, 30 or 100 mg/kg) for a total of 3
days. Approximately 24 hours after the final injection, the rats were sacrificed, the uteri
removed, trimmed of adhesions, fluid expelled and then weighed. Uterine weight was
normalized as a percentage of total body weight by the following formula: %TBW =
[(uterus weight ( in mg) / 1000) / (body weight (in g))] * 100. Figure 4 illustrates that

ERB-002 does not display uterotrophic properties in vivo in immature female rats.
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WHAT IS CLAIMED IS:

1. A compound of formula (I):

Rac Rac
@D

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, C;-Cs straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C1-Cg straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

R;, Raa, Rop, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NR¢Regg,
NRGNRgRg,, -NRsN=CRg,Rep, -N(Re)C(Rea)=NRgp, -C(=Z)Rs, -C(=Z)ORs,
-C(=Z)NR¢Rg;y  -NR¢)-C(Z)Re,  -N(Re)-C(FZ)NReRss,  -OC(=Z)Rs,
-N(R¢)-S(=0)2R¢a, and —SRs;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or are separately absent to
accommodate a double bond;

two Rs groups are optionally bound together to form a substituted or
unsubstituted Cs-Cy cycloalkyl or Cs-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected

from the group consisting of a single bond and a double bond,;
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R4, Rua, R4y, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —OR¢, -NReRea,
-NRgNRg2Reb, -NRN=CRgaRepb, -N(R6)C(Rs2)=NRgp, -CN, -C(=Z)Rs, -C(=Z)ORs,
-C(FZ)NR¢Rsa, -S(EZ)NR¢Rga, -N(Rg)-C(=Z)Rsa, -N(Rs)-C(=Z)NRgpR60,
-OC(=Z)R¢, -N(R¢)-S(=0)zRea, and —SRe;

R4, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected .from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢R¢,, -C(=O)Rs,
-NRR6a, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Rsa and Rg, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl;

provided that the compound is not selected from the group consisting of:

. O O O
> o8e

HO > HO
H

e

OH
’ OH

o e
'"t cn_ ST

0 o >

Q)

(> Q

HO COOH |
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avg

HO s > HO ,
—\
N
and B e
2. The compound of claim 1, wherein;

n is an integer selected from the group consisting of 3, 4, and 5;

R, is selected from the group consisting of hydrogen, Ci-C, straight
chained or branched alkyl, C;-C4 straight chained or branched alkenyl, C;-Cy4
straight chained or branched perhaloalkyl, and substituted or unsubstituted aryl;

Rz, Ra,, Ran, Ry, are separately selected from the group consisting of
hydrogen, C;-Cs straight chained or branched alkyl, C;-Cs alkenyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, -ORs, -C(=O)Rs, -C(=O)ORs,
-C(=0)NR¢Re3, -N(Rs)-C(=0)Rs2, -N(Rs)-S(=0)2R6a, -OC(=O)Rs, and —SR;

each R; is separately selected from the group consisting of hydrogen, Ci-
Cs straight chained or branched alkyl, Ci-Cs alkenyl, cycloalkyl, cycloalkenyl,
hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORg, or are separately
absent to accommodate a double bond;

R4, Rua, Rap, Ry, are separately selected from the group consisting hydrogen,
C;-Cs straight chained or branched alkyl, C;-Cs alkenyl, hydroxy, halogen,
sulfonyl, perhaloalkyl, —ORgs, -CN, -C(=O0)Rgs, -C(=O)ORs, -C(=O)NRgRes,
-S(=0);NR¢R s, -N(Rg)-C(=O)Rgz, -OC(=Z)R¢, -N(R6)-S(=0)2Rés, and —SRe; and

Rs is selected from the group conmsisting of hydrogen, Ci-Cs straight
chained or branched alkyl, halogen, -CN, —SRg, sulfonyl, -OCF3, and perhaloalkyl.
3. The compound of claim 2 wherein;

nis 3;
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R, is selected from the group consisting of hydrogen, C;-Cs straight
chained or branched alkyl, substituted or unsubstituted aryl;

Ry, Ras, Rap, Ry are separately selected from the group consisting of
hydrogen, C;-Cs straight chained or branched alkyl, F, Cl, Br, perhaloalkyl, -CN, —
ORs, -C(=0), and —SRg;

cach R; is separately selected from the group consisting of hydrogen, C;-
Cs straight chained or branched alkyl, C;-Cs alkenyl, cycloalkyl, halogen,
perhaloalkyl, -CN, and —ORs, or are separately absent to accomadate a double
bond;

each Ry, Rus, Rap, Ryc is separately selected from the group consisting
hydrogen, C;-Cs straight chained or branched alkyl, halogen, sulfonyl,
perhaloalkyl, -ORg, -CN, , N(Rg)-S(=0)2R63, and —SRs; and

Rs is selected from the group consisting of hydrogen, C1-Cs straight
chained or branched alkyl, F, Cl, -CN, —SR¢, -OCF3, and CFs.

4. A compound according to claim 2, selected from the group consisting of:
(J s (_ e O
SO U U0 o0
HO HO E ’ HO E HO ¢
ERB-003 ’ ERB-006 ERB-007 ’ ERB-008 ’
$ (Js oFr
ST SO0 0
F
HO F , HO . HO Fo
ERB-009 ERB-010 ERB-011
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OH
OH OH OH
O o O ®
® F
Y OO0 OO0 OV
ERB.012  ERB-013 " ERB-014 ERB-015
J; ()
JO oY
HO , ,
ERB-016 ERB-017
; IO ' °\
HO HO I HO
ERB-026 ’ ERB-027 ’ ERB-029 ,

ERB-030 ERB-031 ERB-032 ERB-033
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00 OO0

CFs

'l
“v

HO
ERB-034 ’ ERB-035 ERB-036 >
F
Q F o @ T
HO HO HO HO
ERB-037 ERB-038 ERB-039 ERB-040
(e )
L @ o8
F O F O F
HO HO HO
ERB-041 ’ ERB-043 ’ ERB-044

Y
e
HO

ERB-045
or a pharmaceutically acceptable salt or prodrug thereof.

and

5. A pharmaceutical composition, comprising a pharmaceutically acceptable
* amount of a compound of claim 1.

6. A method of treating or preventing disorders selected from the group
consisting of inflammatory bowel syndrome; Crohn’s disease; ulcerative proctitis or
colitis; prostatic hypertrophy; uterine leiomyomnas; breast carcinoma; endometrial

carcinoma; polycystic ovary syndrome; endometrial polyps; benign breast disease;
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aaenomyosis; ovarian carcinoma; melanoma; prostate carcinoma; colon carcinoma; brain
tumors including glioblastoma, astrocytoma, glioma, or meningioma; prostatitis;
interstitial cystitis; bone density loss including osteoporosis or osteopenia;
discholesterolemia; dislipidemia; cardiovascular disease; atherosclerosis; hypertension;
peripheral vascular disease; restenosis; vasospasm; neurodegenerative disorders including
Alzheimer’s disease, Huntington’s disease, Parkinson’s disease or other dementias;
cognitive decline; stroke; anxiety; vaginal atrophy; vulvar atrophy; atrophic vaginitis;
vaginal dryness; pruritus; dyspareunia; frequent urination; urinary incontinence; urinary
tract infections; vasomotor symptoms including flusing or hot flashes; arthritis including
rheumatoid arthritis, osteoarthritis, or arthropathiesendometriosis; psoriasis; dermatitis;
asthma; pleurisy; multiple sclerosis; systemic lupus erthematosis; uveitis; sepsis;
hemmorhagic shock; type II diabetes; acute or chronic inflammation; acute or chronic
pain; lung disorders including asthma or chronic obstructive pulmonary disease;
ophthalmologic disorders including glaucoma, dry eye, or macular degeneration; and free
radical induced disease states; comprising:

identifying a subject in need of said treating or preventing; and

administering to the subject a pharmaceutically effective amount of a

compound of formula I:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

Ry is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C,-Cj straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained
or branched perhaloalkyl, -C(=Z)Rg, -C(=Z)ORg, and -C(=Z)N(R¢)z;
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Ry, Raa, Ry, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORg, -NReRg,,
-NRNRg:Reb, -NReN=CReReb, -N(Re)C(Rea)=NRep, -C(=Z)Rs, -C(=Z)ORe,
-C(=Z)NReRg,  -NRe)-C(=Z)Rgs,  -N(R¢)-C(=Z)NRepRea,  ~OC(=Z)Rs,
-N(R¢)-S(=0)2R¢s, and —SRs;

each Rj is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORs, or are separately absent to
accommodate a double bond;

two Rs groups are optionally bound together to form a substituted or
unsubstituted C3-Cy cycloalkyl or C3-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

R4, Rua, Rap, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORs, -NR¢Rea,
-NR¢NRg:Reb, -NRgN=CRs:Rsb, -N(Rs)C(Rsa)=NRsp, -CN, -C(=Z)R¢, -C(=Z)ORe,
-C(=Z)NR¢R¢s,  -S(=Z)NRgRss, -NRe)-C(=Z)Res,  -N(Re)-C(=Z)NRepRsa,
-OC(=Z)Rs, -N(R¢)-S(=0)2R¢z, and ~SR;

R4, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NR¢Rea, -C(=O)Rs,
-NRgRgz, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Re, and Rgy, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl; substituted or unsubstituted aryl,
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substituted or unsubstituted heteroaryl, and substituted or unsubstituted

heteroalicyclyl.

7. The method of claim 6, wherein the disorder is selected from the group
consisting of inflammatory bowel syndrome, Crohn’s disease, and ulcerative proctitis or
colitis.

8. The method of claim 6, wherein the disorder is selected from the group
consisting of prostatic hypertrophy, uterine leiomyomnas, breast carcinoma, endometrial
carcinoma, polycystic ovary syndrome, endometrial polyps, benign breast disease,
adenomyosis, ovarian carcinoma, melanoma, prostate carcinoma, colon carcinoma, and
brain tumors including glioblastoma, astrocytoma, glioma, or meningioma.

0. The method of claim 6, wherein the disorder is selected from the group
consisting of prostatitis and interstitial cystitis.

10.  The method of claim 6, wherein the disorder is bone density loss including
osteoporosis and osteopenia.

11.  The method of claim 6, wherein the disorder is selected from the group
consisting of discholesterolemia and dislipidemia.

12.  The method of claim 6, wherein the disorder is selected from the group
consisting of cardiovascular disease, atherosclerosis, hypertension, peripheral vascular
disease, restenosis and vasospasm.

13.  The method of claim 6, wherein the disorder is a neurodegenerative
disorders including Alzheimer’s disease, Huntington’s disease, Parkinson’s disease or
other dementia.

14.  The method of claim 6, wherein the disorder is selected from the group
consisting of cognitive decline, stroke, and anxiety.

15.  The method of claim 6, wherein the disorder is selected from the group
consisting of vaginal atrophy, vulvar atrophy, atrophic vaginitis, vaginal dryness, pruritus,
dyspareunia, frequent urination, urinary incontinence, and urinary tract infections.

16. The method of claim 6, wherein the disorder is one or more vasomotor
symptoms including flushing or hot flashes.

17. The method of claim 6, wherein the disorder is endometriosis.

18.  The method of claim 6, wherein the disorder is arthritis including
rheumatoid arthritis, osteoarthritis, or arthropathies.

-94-



WO 2005/108337 PCT/US2005/015221

19.  The method of claim 6, wherein the disorder is selected from the group
consisting of psoriasis and dermatitis.

20.  The method of claim 6, wherein the disorder is selected from the group
consisting of asthma and pleurisy.

21.  The method of claim 6, wherein the disorder is selected from the group
consisting of multiple sclerosis, systemic lupus erthematosis, uveitis, sepsis, and
hemmorhagic shock.

92.  The method of claim 6, wherein the disorder is type II diabetes.

73 The method of claim 6, wherein the disorder is selected from the group
consisting of acute and chronic inflammation.

74.  The method of claim 6, wherein the disorder is a lung disorder including
asthma or chronic obstructive pulmonary disease.

75 The method of claim 6, wherein the disorder is an ophthalmologic disorder
including glaucoma, dry eye, or macular degeneration.

26. The method of claim 6, wherein the disorder is a free radical induced
disease state.

27.  The method of claim 6, wherein the disorder is acute or chronic pain.

28. A method of hormonal replacement therapy, comprising:

identifying a subject in need of hormonal replacement; and
administering to the subject a pharmaceutically effective amount of a

compound of formula I:

)

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;
R; is selected from the group consisting of hydrogen, Ci-Cs straight
chained or branched alkyl, C;-Cs straight chained or branched alkenyl, cycloalkyl,
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cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(EZ)NRe)2;

Rz, Ros, Rop, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORg, -NRgRss,
NR¢NRgRe, -NReN=CRg:Rep, -N(Re)C(Rea)=NRgp, -C(=Z)Rs, -C(=Z)ORs,
C(=Z)NReRe;,  -NR¢)-C(=Z)Rg,  -N(R¢)-CEZ)NRaRss,  -OC(Z)Rs,
-N(R6)-S(=0)2R62, and —SRe;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORs, or are separately absent to
accommodate a double bond;

two Rs groups are optionally bound together to form a substituted or
unsubstituted C3-Cy cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

Ry, Rus, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, “ORs, -NRgRea
“NRNRg,Rep, -NRN=CRs,R6p, -N(R6)C(Rs2)"NReb, -CN, -C(=Z)Rs, -C(=Z)ORs,
-C(=Z)NReRgs, -S(=Z)NRgRg,, -N(Rg)-C(=Z)Rss,  -N(R¢)-C(=Z)NRgbRsa,
-OC(=Z)Rs, -N(Rs)-S(=0)2Rsa, and —SRe;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRe, sulfonyl, -C(=0)NR¢Rg,, ~C(=O)Rs,
-NRgRs,, -COORs, and perhaloalkyl;

Z is oxygen or sulfur; and

-96-



WO 2005/108337 PCT/US2005/015221

Rs, Re: and Rg, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

29. A method of lowering cholesterol, triglycerides, or LDL levels,
comprising:

identifying a subject in need of said lowering; and

administering to the subject a pharmaceutically effective amount of a

compound of formula I:

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R; is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C;-Cs straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained
or branched perhaloalkyl, -C(=Z)R¢, -C(=Z)ORs, and -C(=Z)N(Re).;

Ry, Ry, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORg, -NR¢Rea,
NR¢NRsRgp, -NRgN=CRg:Rep, -N(R6)C(Re)=NRev, -C(=Z)Rs, -C(=Z)ORs,
-C(=Z)NR¢Rs:,  -NRe)-C(=Z)Rg,  -N(Re)-C(<Z)NRepRsa,  -OC(=Z)Rs,
-N(R¢)-S(=0)2Réa, and —SRg;
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each Rj is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORs, or are separately absent to
accommodate a double bond;

two Rg, groups are optionally bound together to form a substituted or
unsubstituted C3-Co cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond,;

R4, Rua, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, ORs, -NR¢Rga,
“NRNRg:Reb, -NReN=CRgRgb, N(Rs)C(Re:)=NRsp, -CN, -C(=Z)R¢, -C(=Z)ORs,
-C(Z)NReRgs, -S(Z)NRgRgs, -N(Re)-C(=Z)Rea, -N(R)-C(=Z)NRgsR62,
-OC(=Z)Rs, -N(R¢)-S(=0)2Res, and —SRs;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SR, sulfonyl, -C(=0)NRgRe,, -C(=O)Rs,
-NR¢R¢a, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Res, Rea and Rg, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

30. A method of treating impaired cognition or providing neuroprotection,
comprising:

identifying a subject in need of said treating or neuroprotection; and

administering to the subject a pharmaceutically effective amount of a

compound of formula It
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or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

Ry, Raa, Rop, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NR¢Rea,
NRGNRg:Rep, -NR¢N=CRgRsp, -N(R)C(Rs:)=NRgb, -C(=Z)Rs, -C(=Z)ORs,
C(=Z)NReRg,  -N(R¢)-C(=Z)Res,  -N(R¢)-C(=Z)NRe:Rss,  -OC(=Z)Rs,
-N(R¢)-S(=0)2R¢4, and —SRg;

each Rs is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORs, or are separately absent to
accommodate a double bond;

two Rs groups are optionally bound together to form a substituted or
unsubstituted C3-Cy cycloalkyl or C3-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

R4, Rus, Rap, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
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aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —OR¢, -NR¢Rsq,
“NRNRg:Rgb, -NRgN=CRgzReb, “N(Rs)C(Rsa)=NRgp, -CN, -C(=Z)R¢, -C(=Z)ORs,
-C(=Z)NReRe;, -S(=Z)NReRsa, -NRe)-C=Z)Res,  -N(Re)-C(Z)NRevRea,
-OC(=Z)Rs, -N(Rs)-S(=0),R¢z, and —SRs;

R4, and Ry are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NReRe,, -C(=O)Rs,
“NR4Rs,, -COORs, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Re. and Rg, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

31. A method of preventing conception, comprising administering to a subject

a pharmaceutically effective amount of a compound of formula I

)

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C,-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
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aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cg straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORg, and -C(=Z)N(Re)2;

Rz, Rz, Rop, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NR¢Rg,,
-NR¢NRg.Rep, -NRgN=CRe:Rep, -N(Rs)C(R62)=NRgp, -C(=Z)Rs, -C(=Z)OReg,
-C(=Z)NRgRgs,  -N(R¢)-C(=Z)Rsa,  -N(Rg)-C(=Z)NRgRss,  -OC(=Z)Rs,
-N(R¢)-S(=0)2R¢a, and —SRg;

each Rj is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or are separately absent to
accommodate a double bond;

two R; groups are optionally bound together to form a substituted or
unsubstituted Cs-Cy cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond,;

Rs, Rus, Rup, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, -ORs, -NR¢Rea,
-NR¢NRg2Rgp, -NRgN=CRg:R6p, -N(Rs)C(Rga)=NRep, -CN, -C(=Z)Rs, -C(=Z)ORe,
-C(<Z)NRgR¢z,  -S(=Z)NRgRg:, -N(R¢)-C(FZ)Rea,  -N(Re)-C(=Z)NRgpRea,
-OC(=Z)Rs, -N(Rg)-S(=0)2R¢s, and —SRg;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group conmsisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢R,, -C(=O)Rs,
-NR¢Rg,, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Rg, and R, are separately selected from the group comsisting of

hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
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substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.
32. A method of modulating or specifically agonizing one or more Estrogen
receptors, comprising:
identifying a subject in need of said modulating or agonizing; and

administering to the subject an effective amount of a compound of formula

@

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, Ci-Cg straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cys straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

Ra, Ry, Rop, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NR¢Rea,
NR¢NRg:Rep, -NRgN=CRgRep, -N(Re)C(Re)=NRep, -C(=Z)Rs, -C(=Z)ORs,
C(=Z)NReRgs,  -NRe)-CEZ)Re,  -N(Ro)-C(=Z)NRgpRes,  -OC(Z)Rs,
-N(R6)-S(=0)2R6a, and —SRe;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
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unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or are separately absent to
accommodate a double bond;

two R groups are optionally bound together to form a substituted or
unsubstituted C3-Co cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

Ry, Rus, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORs, -NReRea,
_NRNRg:Rep, -NReN=CRs:Rep, NR)C(Rea)=NRep, -CN; -C(=Z)Rs;, -C(=Z)ORs,
-C(=Z)NReRgs, -S(=Z)NReRes, -N(R¢)-C(=Z)Rea; -N(R¢)-C(=Z)NR6bR sz,
-OC(=Z)Rs, -N(Re)-S(=0)2Rez, and —SRs;

Ry, and Ryp are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NReRe;, -C(=O)Rs,
-NRgRs,, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Rea and Rgp are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

33.  The method of claims 6, 28, 29, 30, 31, or 32, wherein the compound is

selected from the group consisting of:
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or a pharmaceutically acceptable salt or prodrug thereof.

34, The method of claims 6, 28, 29, 30, 31, or 32, wherein the compound is

not selected from the group consisting of:

HO COOH , HO ’ 00
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35, Use of a compound according to formula I or a pharmaceutically
acceptable salt or prodrug thereof for the preparation of a medicament for treating or
preventing disorders selected from the group consisting of inflammatory bowel syndrome;
Crohn’s disease; ulcerative proctitis or colitis; prostatic hypertrophy; uterine
leiomyomnas; breast carcinoma; endometrial carcinoma; polycystic ovary syndrome;
endometrial polyps; benign breast disease; adenomyosis; ovarian carcinoma; melanoma;
prostate carcinoma; colon carcinoma; brain tumors including glioblastoma, astrocytoma,
glioma, or meningioma; prostatitis; interstitial cystitis; bone density loss including
osteoporosis or osteopenia; discholesterolemia; dislipidemia; cardiovascular disease;
atherosclerosis; hypertension; peripheral vascular disease; restenosis; vasospasi;
neurodegenerative disorders including Alzheimer’s disease, Huntington’s disease,
Parkinson’s disease or other dementias; cognitive decline; stroke; anxiety; vaginal
atrophy; vulvar atrophy; atrophic vaginitis; vaginal dryness; pruritus; dyspareunia;
frequent urination; urinary incontinence; urinary tract infections; vasomotor symptoms
including flusing or hot flashes; arthritis including rheumatoid arthritis, osteoarthritis, or
arthropathiesendometriosis; psoriasis; dermatitis; asthma; pleurisy; multiple sclerosis;
systemic lupus erthematosis; uveitis; sepsis; hemmorhagic shock; type II diabetes; acute
or chronic inflammation; acute or chronic pain; lung disorders including asthma or
chronic obstructive-pulmonary disease; ophthalmologic disorders including glaucoma, dry

eye, or macular degeneration; and free radical induced disease states:

-116-



WO 2005/108337 PCT/US2005/015221

®

wherein:

nis an integer selected from the group consisting of 3,4, 5 and 6;

R, is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C;-Cy straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cs straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)2;

R;, Roa, Rop, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORg, -NR¢Res,
NRNRgRe, -NRN=CReRer, -N(Re)C(Re:)=NRep, -C(=Z)Rs, -C(=Z)ORs;,
\C(=Z)NRRg,  -NRe)-C(=Z)Rs;;  -NR¢)-CEZ)NReRes,  -OC(=Z)Rs;
-N(R¢)-S(=0)2Res, and —SR;

each R is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORs, or are separately absent to
accommodate a double bond,;

two Ry groups are optionally bound together to form a substituted or
unsubstituted C3-Co cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

R4, Rua, Rap, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
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aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, ~ORs, -NRgRgz,
NR¢NRg:Rebs -NReN=CRgaRep, -N(Rs)C(Rea)"NRsb, -CN, -C(=Z)Rs, -C(=Z)ORes,
-C(=Z)NRgRga,  -S(=Z)NR¢Rgs, NRQ-CEZDRe,  -NRe)-CEZ)NReoRee,
-OC(=Z)Rs, -N(R6)-S(=0)2R¢z, and —SR¢;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NReRs,, -C(=0)Rs,
-NR¢R¢a, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

R¢, Rea and Rey are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

36. Use of a compound according to formula I or a pharmaceutically
acceptable salt or prodrug thereof for the preparation of a medicament for hormonal

replacement therapy:

)

wherein:
n is an integer selected from the group consisting of 3, 4, 5 and 6;
R, is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
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aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C1-Cyg straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(R¢)2;

Ry, Raa, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NRgRes,
‘NR¢NRgRgy, -NReN=CReRep, -NReC(Rs)=NRep, -C(=Z)Rs, -C(=Z)ORs,
-C(Z)NReRgs,  -NRe-C(=Z)Rgs,  -N(Re)-C(Z)NRgRes,  -OC(=Z)Rs,
-N(R¢)-S(=0)2Réz, and —SRg;

each Ry is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or are separately absent to
accommodate a double bond;

two Rs groups are optionally bound together to form a substituted or
unsubstituted C3-Cs cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

R4, Ras, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORs, -NReRea,
“NRsNRg:R b, -NReN=CRe:Rsb, -N(R6)C(Rea)="NRep, -CN, -C(=Z)Rs, -C(=Z)ORe,
-C(=Z)NReR¢z, -S(=Z)NReRg,, -NR¢)-C(=Z)Rees  -N(Re)-C(=Z)NRevRsa,
-OC(=Z)Rs¢, -N(Rg)-S(=0)2Rsa, and ~SRg;

Ry, and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NReRg,, -C(=O)Rs,
-NR¢Rg:, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

R, Rea and Rgp are separately selected from the group consisting of

hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
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substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,

substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,

substituted or unsubstituted heteroaryl, and substituted or unsubstituted

heteroalicyclyl.

37. Use of a compound according to formula I or a pharmaceutically
acceptable salt or prodrug thereof for the preparation of a medicament for lowering

cholesterol, triglycerides, or LDL levels,:

)

wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R, is selected from the group consisting of hydrogen, C;-Cg straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C-Cs straight chained
or branched perhaloalkyl, -C(=Z)Rg, -C(=Z)ORs, and -C(=Z)N(Re)2;

Rz, Raa, Ran, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NR¢Rsa,
NR¢NRgRgp, -NRgN=CRe:Rep, -N(Rs)C(Rea)=NRgp, -C(=Z)Rs, -C(=Z)ORs,
-C(=Z)NReRsa,  -N(R¢)-C(=Z)Rgs,  -NRe)-C(=Z)NReRezy  -OC(=Z)Rs,
-N(R¢)-S(=0)2R¢a, and —SRg;

each R; is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
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haiogen, sulfonyl, perhaloalkyl, -CN, =0, and —ORg, or are separately absent to
accommodate a double bond;

two R; groups are optionally bound together to form a substituted or
unsubstituted C3-Cs cycloalkyl or C3-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

R4, Raa, Ry, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORg, -NR¢Rga,
“NR¢NRs:Rep, -NReN=CRg;Rep, -N(Rg)C(Rg:)=NRgp, -CN, -C(=Z)Rs, -C(=Z)ORg;
“C(CZNReRs,  -S(=Z)NReRsi, -NRg)-C(=Z)Rs,, -N(Re)-C(=Z)NRg;Rss,
~OC(=2)R¢, -N(R¢)-S(=0);Re,, and —SR;

R4 and Ryp are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=0)NR¢R¢,, -C(=O)Rs,
-NRgRga, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Rea and R, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

38. Use of a compound according to formula I or a pharmaceutically
acceptable salt or prodrug thereof for the preparation of a medicament for treating

impaired cognition or providing neuroprotection, :
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@

wherein:

n is an integer selected from the group consisting of 3, 4, 5 and 6;

R; is selected from the group consisting of hydrogen, C;-Cs straight
chained or branched alkyl, C;-Cg straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C:-Cg straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(Re)z;

Ry, Raa, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORe, -NRgR¢a,
NR¢NRgRep, -NRN=CRg:Rep, -N(R6)C(Rez)"NRev, -C(=Z)Rg, -C(=Z)ORs,
C(=Z)NR¢Rg;,  -NR¢)-C(=Z)Rss,  -N(R¢)-C(=Z)NRgsRes,  -OC(=Z)Rs,
-N(R6)-S(=0)2R6a, and —SRg;

each Rs is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORg, or are separately absent to
accommodate a double bond;

two Rs groups are optionally bound together to form a substituted or
unsubstituted Cs-Co cycloalkyl or C;-Cy heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond,;

R4, Rya, Rap, Ryc are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
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aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORs, -NR¢Rga,
NR¢NRg.Rep, -NR¢N=CRs:Rs5, -N(R6)C(Rea)=NRsp, -CN, -C(=Z)Rs, -C(=Z)ORe,
-C(Z)NR¢Rss, -S(=Z)NReRgs, -N(Re)-C(FZ)Rea  -N(R¢)-C(=Z)NRgvRsa,
-OC(=Z)Rs, -N(Re)-S(=0)2R¢,, and —SRg;

R4, and Ry are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRs, sulfonyl, -C(=O)NR¢Re,, -C(=0O)Res,
-NR¢Rsa, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, R¢a and Rey are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.

39. Use of a compound according to formula I or a pharmaceutically
acceptable salt or prodrug thereof for the preparation of a medicament for preventing

conception:

@

wherein:
n is an integer selected from the group consisting of 3, 4, 5 and 6;
R; is selected from the group consisting of hydrogen, Ci-Cg straight
chained or branched alkyl, C;-Cj straight chained or branched alkenyl, cycloalkyl,
cycloalkenyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
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aryl, substituted or unsubstituted heteroalicyclyl, sulphonyl, C;-Cj straight chained
or branched perhaloalkyl, -C(=Z)Rs, -C(=Z)ORs, and -C(=Z)N(R¢)2;

Ry, Ry, Ray, Ry are separately selected from the group conmsisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, halogen, sulfonyl, perhaloalkyl, -CN, —ORs, -NRgRea,
-NR¢NRg:Rep, -NRgN=CRs:Rgp, -NRs)C(Re)=NRgv, -C(=Z)Rs, -C(=Z)ORs,
-CEZ)NRgRes,  -N(Ro)-C(Z)Ress  -NRe)-CFZ)NRepRes,  -OC(=Z)Rs,
-N(R¢)-S(=0)2R¢s, and —SRs;

each Rj is separately selected from the group consisting of hydrogen, alkyl,
alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroalicyclyl, hydroxy,
halogen, sulfonyl, perhaloalkyl, -CN, =O, and —ORg, or are separately absent to
accommodate a double bond,

two Rj groups are optionally bound together to form a substituted or
unsubstituted C3-Cs cycloalkyl or C3-Co heteroalicyclyl;

any bond represented by a dashed and solid line represents a bond selected
from the group consisting of a single bond and a double bond;

R4, Ry, Rap, Ry are separately selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heteroalicyclyl, hydroxy, nitro, halogen, sulfonyl, perhaloalkyl, —ORs, -NRgRg,,
NR¢NRgRep, -NRsN=CRes:Rep, -N(Rs)C(Rg2)=NRgp, -CN, -C(=Z)Rs, -C(=Z)ORs,
-C(=Z)NR¢R¢:,  -S(FZ)NR¢Rgs, -N(Re)-C(=Z)Rga,  -N(Rs)-C(=Z)NReuRsq,
-OC(=Z)Rs, -N(R¢)-S(=0)2R¢s, and —SRs;

Ry and Ry, are optionally bound together to form an aryl, heteroaryl, or
heteroalicyclyl;

Rs is selected from the group consisting of hydrogen, alkyl, alkenyl,
cycloalkyl, cycloalkenyl, halogen, -CN, —SRg, sulfonyl, -C(=O)NRgR¢,, -C(=O)Rs,
-NRgRs,, -COORg, and perhaloalkyl;

Z is oxygen or sulfur; and

Rs, Re, and Ry, are separately selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
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substituted or unsubstituted alkynyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, and substituted or unsubstituted
heteroalicyclyl.
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