
CRYSTALLINE FORMS OF A FACTOR XA INHIBITOR FIELD OF THE INVENTION [0001]
The present invention relates to crystalline forms of 3-(l-hydroxy-lmethyl-
ethyl)- 1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-l -yl)-phenyl]-1,4,5,6-
tetrahydro-pyrazolo[3,4-c]pyridin-7-one and its solvates thereof; processes
for the production thereof; pharmaceutical compositions thereof; and
methods of treating thromboembolic disorders, therewith. BACKGROUND OF THE
INVENTION [0002] Activated factor Xa, whose major practical role is the
generation of thrombin by the limited proteolysis of prothrombin, holds a
central position that links the intrinsic and extrinsic activation
mechanisms in the final common pathway of blood coagulation. The generation
of thrombin, the final serine protease in the pathway to generate a fibrin
clot, from its precursor is amplified by formation of prothrombinase
complex (factor Xa, factor V, Ca2+ and phospholipid). Since it is
calculated that one molecule of factor Xa can generate 138 molecules of
thrombin (Elodi, S., Varadi, K.: Optimization of conditions for the
catalytic effect of the factor IXa-factor VIII Complex: Probable role of
the complex in the amplification of blood coagulation. Thromb. Res. 1979,
15, 617-629), inhibition of factor Xa may be more efficient than
inactivation of thrombin in interrupting the blood coagulation system.
[0003] U.S. Patent Application Publication No. 2003/0 191115, which is
herein incorporated by reference, discloses
3-(l-hydroxy-l-methyl-ethyl)-l-(4-
methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-l-yl)-phenyl]-l,4,5,6-tetrahydropyra
zolo[ 3,4-c]pyridin-7-one (hereinafter referred to as "Compound (I)"):CQ
Compound (I) is a highly potent and selective inhibitor of coagulation
Factor Xa and thus is useful in preventing or treating thromboembolic
disorders. [0004] Treatment or prevention of the foregoing disorders may be
accomplished by administering a therapeutically effective amount of
Compound (I) to a human or animal subject in need of such treatment or
prevention. The treatment with Compound (I) may be accomplished by its use
as a single compound, as a pharmaceutical composition ingredient, or in
combination with other therapeutic agents. Compound (I) may be administered
by oral adrninistration, continuous intravenous infusion, bolus intravenous
administration or any other suitable route such that it preferably achieves
the desired effect of preventing the Factor Xa induced formation of
thrombin from prothrombin. [0005] Crystalline forms of Compound (I) have
not been known to exist previously. There exists a need for crystalline
forms which may exhibit desirable and beneficial chemical and physical
properties. There also exists a need for reliable and reproducible methods
for the manufacture, purification, and formulation of Compound (I) to
permit its feasible commercialization. The present invention is directed to
these, as well as other important aspects. SUMMARY OF THE INVENTION [0006]
The present invention provides crystalline forms of Compound (I):(I) 



processes for the production of such forms; pharmaceutical compositions
comprising such forms; and methods of treating thromboembolic disorders
with such crystalline forms, or such pharmaceutical compositions.
Embodiments of these crystalline forms include those characterized herein
as Forms N-I, N-3, H2-2, DC-4 and EGDA.5-5. The names used herein to
characterize a specific form, e.g. "N-I" etc., should not be considered
limiting with respect to any other substance possessing similar or
identical physical and chemical characteristics, but rather it should be
understood that these designations are mere identifiers that should be
interpreted according to the characterization information also presented
herein. [0007] These and other aspects of the invention will become more
apparent from the following detailed description. BRIEF DESCRIPTION OF THE
DRAWINGS [0008] The invention is illustrated by reference to the
accompanying drawings described below. Figure 1 shows calculated (22C) and
observed (room temperature) powder Xray diffraction patterns (CuKa = 1.5418
A) of Form N-I of crystalline 3-(l-hydroxyl-
methyl-ethyl)-l-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-l-yl)-phenyl]-l,4
,5,6- tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 2 shows calculated
(22C) and observed (room temperature) powder Xray diffraction patterns
(CuKa l=1.5418 A) of Form N-3 of crystalline 3-(l-hydroxy-
1-methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin- 1-yl)-phenyl]-
1,4,5,6- tetrahydro-pyrazolo[3,4-c]pyridin-7-one.Figure 3 shows calculated
(-500C) and observed (-500C) powder X-ray diffraction patterns
(CuKal=1.5418 A) of FormN-3 of crystalline 3-(I -hydroxy- 1-
methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin- 1-yl)-phenyl]-l
,4,5,6- tetrahydro-pyrazolo[3,4-c]pyridiii-7-one. Figure 4 shows observed
(room temperature) and calculated (room temperature and -50C) powdered
X-ray diffraction patterns (CuKa l=1.5418 A) of Form H2-2 of crystalline
3-(l-hydroxy-l-methyl-ethyl)-l-(4-methoxy-phenyl)-6-[4-
(2-oxo-2H-pyridin-l-yl)-phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7
-one. Figure 5 shows calculated (22C) and observed (room temperature)
powder Xray diffraction patterns (CuKa l=1.5418 A) of Form DC-4 of
crystalline 3-(lhydroxy- 1-methyl-ethyl)-
1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin- 1-yl)-
phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 6 shows
calculated (-500C) and observed (-500C) powder X-ray diffraction patterns
(CuKal=1.5418 A) of Form DC-4 of crystalline 3-(I -hydroxy- 1-
methyl-ethyl)- 1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-l -yl)-phenyl]-
1,4,5,6- tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 7 shows
differential scanning calorimetry thermogram of Form N-I of crystalline
3-(I -hydroxy- 1-methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2Hpyridin-
l-yl)-phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 8
shows differential scanning calorimetry thermogram of Form N-3 of
crystalline 3-(1-hydroxy-
1-methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2Hpyridin- 



l-yl)-phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 9
shows differential scanning calorimetry thermogram of Form H2-2 of
crystalline
3-(l-hydroxy-l-methyl-ethyl)-l-(4-methoxy-phenyl)-6-[4-(2-oxo-2Hpyridin-
l-yl)-phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 10
shows differential scanning calorimetry thermogram of Form DC-4 of
crystalline 3-(l -hydroxy-1-methyl-ethyl)-
1-(4-methoxy-phenyl)-6-[4-(2-oxo-2Hpyridin- 1-yl)-phenyl]-
154,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 1 1 shows
thermogravimetric analysis curve of Form N-I of crystalline
3-(l-hydroxy-l-methyl-ethyl)-l-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-l-
yl)- phenyl]-1,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one.Figure 12
shows thermogravimetric analysis curve of FormN-3 of crystalline
3-(1-hydroxy- 1-methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-
1-yl)- phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 13
shows thermogravimetric analysis curve of Form H2-2 of crystalline 3-(l
-hydroxy- 1-methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-
1-yl)- phenyl]- 1,4,5,6-tetrahydro-pyrazolo[3,4-c]pyrid i-7-one. Figure 14
shows thermogravimetric analysis curve of Form DC-4 of crystalline
3-(1-hydroxy-1-methyl-ethyl)- 1-(4-methoxy-phenyl)-6- [4-(2-oxo-2Hpyridin-
l-yl)-phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. Figure 15
shows calculated (22C) and observed (room temperature) powder X-ray
diffraction patterns (CuKa l=1.5418 A) of Form EGDA.5-5 of crystalline
3-(lhydroxy- 1-methyl-ethyl)-1-(4-methoxy-phenyl)-6-[4-(2-oxo-2H-pyridin-
1-yl)- phenyl]-l,4,5,6-tetrahydro-pyrazolo[3,4-c]pyridin-7-one. DETAILED
DESCRIPTION OF THE INVENTION [0009] The present invention provides, at
least in part, crystalline forms of Compound (I) as a novel material, in
particular in pharmaceutically acceptable form. The term "pharmaceutically
acceptable", as used herein, refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other
problem complications commensurate with a reasonable benefit/risk ratio. In
certain preferred embodiments, Compound (I) is in substantially pure form.
The term "substantially pure", as used herein, means a compound having a
purity greater than about 90% including greater than 90, 9 1, 92, 93, 94,
95, 96, 97, 98, and 99 weight %, and also including equal to about 100
weight % of Compound (I), based on the weight of the compound. The
remaining material comprises other form(s) of the compound, and/or reaction
impurities and/or processing impurities arising from its preparation. For
example, a crystalline form of Compound (I) may be deemed substantially
pure in that it has a purity greater than 90 weight %, as measured by means
that are at this time known and generally accepted in the art, where the
remaining less than 10 weight %of material comprises other form(s) of
Compound (I) and/or reaction impurities and/or processing impurities.
[0010] As used herein "polymorph" refers to crystalline forms having the
same chemical composition but different spatial arrangements of the
molecules, 



and/or ions forming the crystal. [0011] As used herein "solvate" refers to
a crystalline form of a molecule, and/or ions that further comprises
molecules of a solvent or solvents incorporated into the crystalline
structure. The solvent molecules in the solvate may be present in a regular
arrangement and/or a non-ordered arrangement. The solvate may comprise
either a stoichiometric or nonstoichiometric amount of the solvent
molecules. For example, a solvate with a nonstoichiometric amount of
solvent molecules may result from partial loss of solvent from the solvate.
[0012] As used herein "amorphous" refers to a solid form of a molecule,
and/or ions that is not crystalline. An amorphous solid does not display an
X-ray diffraction pattern with sharp maxima. [0013] Compound (I) may be
prepared using methods well known to the skilled artisan of organic
synthesis, as well as methods taught in commonly assigned U.S. Application
Publication No. 2003/0191115, and U.S. Applications 11/234,942, 11/235,647,
and 11/235,731, the disclosures of which are hereby incorporated herein by
reference, in their entireties. [0014] Compound (I) is formed from Compound
(II), under inert atmosphere, typically N2, by contacting
2-hydroxy-pyridine, in the presence of CuI, potassium r -butoxide and
1,10-phenanthroline in DMF. The reaction mixture is heated to 125C for
19-24 h. Once the end-point is reached, the reaction mixture is cooled to
about 125C, and solid potassium phosphate powder is added. After 45 min
ofstirring, ammonium hydroxide solution is added slowly and stirring is
extended for 30 min while the product crystallizes out. The resulting
slurry is then filtered and washed successively with ammonium hydroxide,
water, and MTBE. The isolated final product is dried at 50-60C under
vacuum. [0015] Samples of the crystalline forms may be provided with
substantially pure phase homogeneity, indicating the presence of a dominant
amount of a single crystalline form and optionally minor amounts of one or
more other crystalline forms. The presence of more than one crystalline
form in a sample may be determined by techniques such as powder X-ray
diffraction (PXRD) or solid state nuclear magnetic resonance spectroscopy
(SSNMR). For example, the presence of extra peaks in the comparison of an
experimentally measured PXRD pattern with a simulated PXRD pattern may
indicate more than one crystalline form in the sample. The simulated PXRD
may be calculated from single crystal X-ray data see Smith, D.K., "A
FORTRANProgramfor CalculatingX-Ray Powder Diffraction Patterns," Lawrence
Radiation Laboratory, Livermore, California, UCRL-7196, April 1963.
Preferably, the crystalline form has substantially pure phase homogeneity
as indicated by less than 10%, preferably less than 5 %, and more
preferably less than 2 % of the total peak area in the experimentally
measured PXRD pattern arising from the extra peaks that are absent from the
simulated XRPD pattern. Most preferred is a crystalline form having
substantially pure phase homogeneity with less than 1% of the total peak
area in the experimentally measured PXRD pattern arising from the extra
peaks that are absent from the simulated PXRD pattern. 



[0016] Procedures for the preparation of crystalline forms are known in the
art. The crystalline forms may be prepared by a variety of methods,
including for example, crystallization or recrystallization from a suitable
solvent, sublimation, growth from a melt, solid state transformation from
another phase, crystallization from a supercritical fluid, and jet
spraying. Techniques for crystallization or recrystallization of
crystalline forms from a solvent mixture include, for example, evaporation
of the solvent, decreasing the temperature of the solvent mixture, crystal
seeding a supersaturated solvent mixture of the molecule and/or salt,
freeze drying the solvent mixture, and addition of antisolvents
(countersolvents) to the solvent mixture.High throughput crystallization
techniques may be employed to prepare crystalline forms including
polymorphs. [0017] Crystals of drugs, including polymorphs, methods of
preparation, and characterization of drug crystals are discussed in
Solid-State Chemisftg of Drugs, S.R. Byrn, R.R. Pfeiffer, and J.G. Stowell,
2nd Edition, SSCI, West Lafayette, Indiana, 1999. [0018] For
crystallization techniques that employ solvent, the choice of solvent or
solvents is typically dependent upon one or more factors, such as
solubility of the compound, crystallization technique, and vapor pressure
of the solvent. Combinations of solvents may be employed, for example, the
compound may be solubilized into a first solvent to afford a solution,
followed by the addition of an antisolvent to decrease the solubility of
the compound in the solution and to afford the formation of crystals. An
antisolvent is a solvent in which the compound has low solubility. Suitable
solvents for preparing crystals include polar and nonpolar solvents. [0019]
In one method to prepare crystals, Compound (I) is suspended and/or stirred
in a suitable solvent to afford a slurry, which may be heated to promote
dissolution. The term "slurry", as used herein, means a saturated solution
of Compound (I), which may also contain an additional amount of Compound
(I) to afford a heterogeneous mixture of Compound (I) and a solvent at a
given temperature. Suitable solvents in this regard include, for example,
polar aprotic solvents, and polar protic solvents, and nonpolar solvents,
and mixtures of two or more of these. [0020] Suitable polar aprotic
solvents include, for example, dicholomethane (CH2Cl2 or DCM),
tetrahydrofuran (THF), acetone, methyl ethyl ketone (MEK)5
dimethylformamide (DMF), dimethylacetamide (DMAC), l,3-dimethyl-3,4,5,6-
tetrahydro-2(lH)-pyrimidinone (DMPU), l,3-dimethyl-2-imidazolidinone (DMI),
Nmethylpyrrolidinone (NMP), formamide, N-methylacetamide,
N-methylformamide, acetonitrile (ACN or MeCN), dimetitiylsulfoxide (DMSO),
propionitrile, ethyl formate, methyl acetate (MeOAc), ethyl acetate
(EtOAc), isopropyl acetate (IpOAc), butyl acetate (BuOAc), t-butyl acetate,
hexachloroacetone, dioxane, sulfolane, N5Ndimethylpropionamide,
nitromethane, nitrobenzene and hexamethylphosphoramide.[0021] Suitable
polar protic solvents include, for example, alcohols and glycols, such as
H2O, methanol, ethanol, 1-propanol, 2-propanol, isopropanol (IPA),
1-butanol ( 1-BuOH), 2-butanol (2-BuOH), i-butyl alcohol, t-butyl alcohol,
2-nitroethanol, 2-fluoroethanol, 2,2,2-trifluoroethanol, ethylene glycol, 



2-methoxyethanol, 2-ethoxyethanol, diethylene glycol, 1-, 2-, or
3-pentanol, neo-pentyl alcohol, t-pentyl alcohol, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, cyclohexanol, benzyl
alcohol, phenol, glycerol and methyl t-butyl ether (MTBE). [0022] Preferred
solvents include, for example, acetone, H2O, MeCN, CH2Cl2, THF, ethanol,
n-BuOH, 2-BuOH, IPA, and EtOAc. [0023] Other solvents suitable for the
preparation of slurries of Compound (I), in addition to those exemplified
above, would be apparent to one skilled in the art, based on the present
disclosure. [0024] Seed crystals may be added to any crystallization
mixture to promote crystallization. As will be clear to the skilled
artisan, seeding is used as a means of controlling growth of a particular
crystalline form or as a means of controlling the particle size
distribution of the crystalline product. Accordingly, calculation of the
amount of seeds needed depends on the size of the seed available and the
desired size of an average product particle as described, for example, in
"Programmed cooling of batch crystallizers," J.W. Mullin and J. Nyvlt,
Chemical Engineering Science, 1971, 26, 369-377. In general, seeds of small
size are needed to effectively control the growth of crystals in the batch.
Seeds of small size may be generated by sieving, milling, or micronizing of
larger crystals, or by micro-crystallization of solutions. Care should be
taken that milling or micronizing of crystals does not result in any change
in crystallinity of the desired crystal form or form conversions (i.e.
change to amorphous or to another polymorph). [0025] A cooled mixture may
be filtered under vacuum, and the isolated solids may be washed with a
suitable solvent, such as cold recrystallization solvent, and dried under a
nitrogen purge to afford the desired crystalline form. The isolated solids
may be analyzed by a suitable spectroscopic or analytical technique, such
as SSNMR5 DSC, PXRD, or the like, to assure formation of the preferred
crystalline form of the product. The resulting crystalline form is
typically produced in an amount of greaterthan about 70 weight % isolated
yield, but preferably greater than 90 weight % based on the weight of
Compound (I) originally employed in the crystallization procedure. The
product may be comilled or passed through a mesh screen to delump the
product, if necessary. [0026] Crystalline forms may be prepared directly
from the reaction medium of the final process step for preparing Compound
(I). This may be achieved, for example, by employing in the final process
step a solvent or mixture of solvents from which Compound (I) may be
crystallized. Alternatively, crystalline forms may be obtained by
distillation or solvent addition techniques. Suitable solvents for this
purpose include any of those solvents described herein, including protic
polar solvents such as alcohols, and aprotic polar solvents such as
ketones. [0027] By way of general guidance, the reaction mixture may be
filtered to remove any undesired impurities, inorganic salts, and the like,
followed by washing with reaction or crystallization solvent. The resulting
solution may be concentrated to remove excess solvent or gaseous
constituents. If distillation is employed, the 



ultimate amount of distillate collected may vary, depending on process
factors including, for example, vessel size, stirring capability, and the
like, by way of general guidance, the reaction solution may be distilled to
about {fraction (1/10)} the original volume before solvent replacement is
carried out. The reaction may be sampled and assayed to determine the
extent of the reaction and the wt % product in accordance with standard
process techniques. If desired, additional reaction solvent may be added or
removed to optimize reaction concentration. Preferably, the final
concentration is adjusted to about 50 wt %at which point a slurry typically
results. [0028] It may be preferable to add solvents directly to the
reaction vessel without distilling the reaction mixture. Preferred solvents
for this purpose are those which may ultimately participate in the
crystalline lattice as discussed above in connection with solvent exchange.
Although the final concentration may vary depending on desired purity,
recovery and the like, the final concentration of Compound (I) in solution
is preferably about 4% to about 7%. The reaction mixture may be stirred
following solvent addition and simultaneously warmed. By way of
illustration, the reaction mixture may be stirred for about 1 hour while
warming to about 70 C. The reaction is preferably filtered hot and washed
with either thereaction solvent, the solvent added or a combination
thereof. Seed crystals may be added to any crystallization solution to
initiate crystallization. [0029] The various forms described herein may be
distinguishable from one another through the use of various analytical
techniques known to one of ordinary skill in the art. Such techniques
include, but are not limited to, solid state nuclear magnetic resonance
(SSNMR) spectroscopy, X-ray powder diffraction (PXRD), differential
scanning calorimetry (DSC), and/or thermogravimetric analysis (TGA). [0030]
One of ordinary skill in the art will appreciate that an X-ray diffraction
pattern may be obtained with a measurement error that is dependent upon the
measurement conditions employed, hi particular, it is generally known that
intensities in a X-ray diffraction pattern may fluctuate depending upon
measurement conditions employed. It should be further understood that
relative intensities may also vary depending upon experimental conditions
and, accordingly, the exact order of intensity should not be taken into
account. Additionally, a measurement error of diffraction angle for a
conventional X-ray diffraction pattern is typically about 5% or less, and
such degree of measurement error should be taken into account as pertaining
to the aforementioned diffraction angles. Consequently, it is to be
understood that the crystal forms of the instant invention are not limited
to the crystal forms that provide X-ray diffraction patterns completely
identical to the X-ray diffraction patterns depicted in the accompanying
Figures disclosed herein. Any crystal forms that provide X- ray diffraction
patterns substantially identical to those disclosed in the accompanying
Figures fall within the scope of the present invention. The ability to
ascertain substantial identities of X-ray diffraction patterns is within
the purview of one of ordinary skill in the art. [0031] In one aspect of
the present invention, Form N-I of Compound (I) may be characterized by
unit cell parameters substantially equal to the following: 



Cell dimensions: a = 9.534(1) A b= 9.842(1) A c = 13.469(1) A a = 87.95(1)
b = 83.18(1) g = 70.22(1)Space group P-I Molecules/asymmetric unit 1
wherein the crystalline form is at about +22C. [0032] hi a different
aspect, Form N-I may be characterized by fractional atomic coordinates
substantially as listed in Table 3. [0033] hi a different aspect, Form N-I
may be characterized by a powder X-ray diffraction pattern (Figure 1)
comprising the following 20 values (CuKa l 1.5418 A): 6.6  0.1, 11.3  0.1,
12.5  0.1, 15.6  0.1, 19.2  0.1, and 20.3  0.1, at about 22C. [0034] hi a
different aspect, Form N-I may be characterized by a differential scanning
calorimetry thermogram (Figure 7) having a peak onset at about 222-226C.
[0035] hi a different aspect, Form N-I may be characterized by a thermal
gravimetric analysis curve (Figure 11) having a negligible weight loss up
to about 200C. [0036] hi another aspect, Form N-3 of Compound (I) may be
characterized by unit cell parameters substantially equal to the following:
Cell dimensions: a = 8.959(3) A b= 9.840(2) A c = 14.826(6) A a = 76.27(2)
b = 86.38(2) g = 69.18(2) Space group P-I Molecules/asymmetric unit 1
wherein the crystalline form is at about +22C. [0037] hi a different
aspect, Form N-3 of Compound (I) may be characterized by unit cell
parameters substantially equal to the following: Cell dimensions: a =
8.933(1) A b= 9.811(3) A c = 14.751(5) A a = 76.32(2) b = 85.99(2)g =
69.01(2) Space group P-I Molecules/asymmetric unit 1 wherein the
crystalline form is at -500C. [0038] In a different aspect, Form N-3 may be
characterized by fractional atomic coordinates substantially as listed in
Table 4. 



[0039] hi a different aspect, Form N-3 may be characterized by fractional
atomic coordinates substantially as listed in Table 4a. [0040] In a
different aspect, Form N-3 may be characterized by a powder X-ray
diffraction pattern (Figure 2) comprising the following 2Qvalues (CuKa l=
1.5418 A): 6.1  0.1, 9.9  0.1, 12.2  0.1, 15.4  0.1, 19.3  0.1, 23.1  0.1
and 24.4  0.1, at about 22C. [0041] hi a different aspect, Form N-3 may be
characterized by a differential scanning calorimetry thermogram (Figure 8)
having a peak onset at about 183-187C. [0042] hi a different aspect, Form
N-3 may be characterized by a thermal gravimetric analysis curve (Figure
12) having a negligible weight loss up to about 1500C. [0043] hi another
aspect, Form H2-2 of Compound (I) may be characterized by unit cell
parameters substantially equal to the following: Cell dimensions: a =
16.445(2) A b= 17.319(1) A c = 18.997(2) A a = 71.65(I) (I) b = 78.86(1) 7
= 87.78(1) Space group P-I Molecules/asymmetric unit 4 wherein the
crystalline form is at about -500C. [0044] hi a different aspect, Form H2-2
may be characterized by fractional atomic coordinates substantially as
listed in Table 5. [0045] Li a different aspect, Form H2-2 may be
characterized by a powderX-ray diffraction pattern (Figure 4) comprising
the following 2Qvalues (CuKa l= 1.5418 A): 5.4  0.1, 9.7  0.1, 12.2  0.1,
14.6  0.1, 16.2  0.1 and 22.3  0.1, at about 220C. [0046] In a different
aspect, Form H2-2 may be characterized by a differential scanning
calorimetry thermogram (Figure 9) having a an endotherm in the range about
room temperature to 80C. [0047] hi a different aspect, Form H2-2 may be
characterized by a thermal gravimetric analysis curve (Figure 13) having a
weight loss of about 7.1% up to about 800C. [0048] hi another aspect, Form
DC-4 of Compound (I) may be characterized by unit cell parameters
substantially equal to the following: Cell dimensions: a = 8.951(2) A b=
9.789(3) A c 17.263(4) A a = 69.30(2) b = 83.24(2) g = 69.78(2) Space group
P-I 



Molecules/asymmetric unit 1 wherein the crystalline form is at about +22C.
[0049] In a different aspect, Form DC-4 of Compound (I) may be
characterized by unit cell parameters substantially equal to the following:
Cell dimensions: a = 8.933(1) A b= 9.778(1) A c = 17.227(1) A c c= 69.19(1)
b = 83.06(1) g = 69.66(1) Space group P-I Molecules/asymmetric unit 1
wherein the crystalline form is at about -50C.[0050] In a different aspect,
Form DC-4 may be characterized by fractional atomic coordinates
substantially as listed in Table 6. [0051] In a different aspect, Form DC-4
may be characterized by fractional atomic coordinates substantially as
listed in Table 6a. [0052] In a different aspect, Form DC-4 may be
characterized by a powder X-ray diffraction pattern (Figure 5) comprising
the following 2Qvalues (CuKa X- 1.5418 A): 5.5  0.1, 11.8  0.1, 13.8  0.1,
15.2  0.1, 18.8  0.1, 21.1  0.1 and 23.8  0.1, at about 220C. [0053] In a
different aspect, Form DC-4 may be characterized by a differential scanning
calorimetry thermogram (Figure 10) having an endotherm in the range about
65-85C. [0054] In a different aspect, Form DC-4 may be characterized by a
thermal gravimetric analysis curve (Figure 14) having a weight loss of
about 15.2% up to about 85C. [0055] In one aspect of the present invention,
Form EGDA.5-5 of Compound (I) may be characterized by unit cell parameters
substantially equal to the following: Cell dimensions: a = 9.005(3) A b=
9.854(2) A c = 16.283(5) A a = 84.88(2) b = 81.95(2) g = 68.19(1) Space
group P-I Molecules/asymmetric unit 1 wherein the crystalline form is at
about +220C. [0056] In a different aspect, Form N-I may be characterized by
fractional atomic coordinates substantially as listed in Table 7. [0057] In
a different aspect, Form EGDA.5-5 may be characterized by a powder X-ray
diffraction pattern (Figure 15) comprising the following 2Qvalues (CuKa l=
1.5418 A): 5.50.1, 12.00.1, 12.50.1, 14.80.1, 16.80.1, 20.60.1, 



21.50.1. 22.70.1, 24.40.1, at about 220C.[0058] Although Form N-I is the
thermodynar aically more stable form at room temperature, different forms
have been found to co-crystallize from several different solvent mixtures.
As Form N-3 melts ~40C lower than Form N-I, these forms are effectively
monotropic-with Form N-I more stable at all temperatures. Moisture sorption
isotherms of Form N-I suggest that Form N-I is essentially nonhygroscopic.
[0059] The crystalline forms of Compound (I) described herein may be
formulated into pharmaceutical compositions and/or employed in therapeutic
and/or prophylactic methods. These methods include, but are not limited to,
the administration of the crystalline compound (I), alone or in combination
with one or more other pharmaceutically active agents, including agents
that may be useful in the treatment of the disorders mentioned herein.
[0060] "Therapeutically effective amount" is intended to include an amount
of the crystalline forms of Compound (I) that is effective when
administered alone or in combination to inhibit factor Xa. If Compound (I)
is used in combination with another medication, the combination of
compounds described herein may result in a synergistic combination.
Synergy, as described for example by Chou and Talalay, Adv. Enzyme Regul.
1984, 22, 27-55, occurs when the effect of the compounds when administered
in combination is greater than the additive effect of the compounds when
administered alone as a single agent. In general, a synergistic effect is
most clearly demonstrated at suboptimal concentrations of the compounds.
Synergy can be in terms of lower cytotoxicity, increased antithrombotic
effect, or some other beneficial effect of the combination compared with
the individual components. [0061] As used herein, "treating" or "treatment"
cover the treatment of a disease-state in a mammal, particularly in a
human, and include: (a) preventing the disease-state from occurring in a
mammal, in particular, when such mammal is predisposed to the disease-state
but has not yet been diagnosed as having it; (b) inhibiting the
disease-state, i.e., arresting it development; and/or (c) relieving the
disease-state, i.e., causing regression of the disease state. [0062] The
crystalline forms of Compound (I) and pharmaceutical compositions thereof
may be useful in inhibiting Factor Xa. Accordingly, the present invention
provides methods for the treatment and/or prevention of
thromboembolicdisorders in mammals (i.e., factor Xa-associated disorders).
In general, a thromboembolic disorder is a circulatory disease caused by
blood clots (i.e., diseases involving fibrin formation, platelet
activation, and/or platelet aggregation). The term "thromboembolic
disorders" as used herein includes arterial cardiovascular thromboembolic
disorders, venous cardiovascular thromboembolic disorders, and
thromboembolic disorders in the chambers of the heart. The term
"thromboembolic disorders" as used herein also includes specific disorders
selected from, but not limited to, unstable angina or other acute coronary
syndromes, atrial fibrillation, first or recurrent myocardial infarction,
ischemic sudden death, transient ischemic attack, stroke, atherosclerosis,
peripheral occlusive arterial disease, venous thrombosis, deep vein
thrombosis, thrombophlebitis, arterial embolism, coronary arterial
thrombosis, cerebral arterial thrombosis, cerebral embolism, kidney
embolism, pulmonary 



embolism, and thrombosis resulting from (a) prosthetic valves or other
implants, (b) indwelling catheters, (c) stents, (d) cardiopulmonary bypass,
(e) hemodialysis, or (f) other procedures in which blood is exposed to an
artificial surface that promotes thrombosis. It is noted that thrombosis
includes occlusion (e.g. after a bypass) and reocclusion (e.g., during or
after percutaneous transluminal coronary angioplasty). The thromboembolic
disorders may result from conditions including but not limited to
atherosclerosis, surgery or surgical complications, prolonged
immobilization, arterial fibrillation, congenital thrombophilia, cancer,
diabetes, effects of medications or hormones, and complications of
pregnancy. The anticoagulant effect of compounds of the present invention
is believed to be due to inhibition of factor Xa or thrombin. [0063] The
methods preferably comprise administering to a patient a pharmaceutically
effective amount of the novel crystals of the present invention, preferably
in combination with one or more pharmaceutically acceptable carriers and/or
excipients. The relative proportions of active ingredient and carrier
and/or excipient may be determined, for example, by the solubility and
chemical nature of the materials, chosen route of administration and
standard pharmaceutical practice. [0064] The crystalline forms of Compound
(I) may be administered to a patient in such oral dosage forms as tablets,
capsules (each of which includes sustained release or timed release
formulations), pills, powders, granules, elixirs, tinctures, suspensions,
syrups, and emulsions. They may also be administered inintravenous (bolus
or infusion), intraperitoneal, subcutaneous, or intramuscular form all
using dosage forms well known to those of ordinary skill in the
pharmaceutical arts. They may be administered alone, but generally will be
administered with a pharmaceutical carrier selected on the basis of the
chosen route of administration and standard pharmaceutical practice. [0065]
The dosage regimen for the crystalline forms of Compound (I) will, of
course, vary depending upon known factors, such as the pharmacodynamic
characteristics of the particular agent and its mode and route of
administration; the species, age, sex, health, medical condition, and
weight of the recipient; the nature and extent of the symptoms; the kind of
concurrent treatment; the frequency of treatment; the route of
administration, the renal and hepatic function of the patient, and the
effect desired. A physician or veterinarian can determine and prescribe the
effective amount of the drag required to prevent, counter, or arrest the
progress of the thromboembolic disorder. Obviously, several unit dosage
forms may be administered at about the same time. The dosage of the
crystalline form of Compound (I) that will be most suitable for prophylaxis
or treatment may vary with the form of administration, the particular
crystalline form of the compound chosen and the physiological
characteristics of the particular patient under treatment. Broadly, small
dosages may be used initially and, if necessary, increased by small
increments until the desired effect under the circumstances is reached.
[0066] By way of general guidance, in the adult, suitable doses may range
from about 0.001 to about 1000 mg/Kg body weight, and all combinations and
subcombinations of ranges and specific doses therein. Preferred doses may
be from 



about 0.01 to about 100 mg/kg body weight per day by inhalation, preferably
0.1 to 70, more preferably 0.5 to 20 mg/Kg body weight per day by oral
administration, and from about 0.01 to about 50, preferably 0.01 to 10
mg/Kg body weight per day by intravenous administration. In each particular
case, the doses may be determined in accordance with the factors
distinctive to the subject to be treated, such as age, weight, general
state of health and other characteristics which can influence the efficacy
of the medicinal product. The crystalline forms of Compound (I) may be
administered in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three, or four times daily.[0067] For
oral administration in solid form such as a tablet or capsule, the
crystalline forms of Compound (I) can be combined with a non-toxic,
pharmaceutically acceptable inert carrier, such as lactose, starch,
sucrose, glucose, methylcellulose, magnesium stearate, dicalcium phosphate,
calcium sulfate, mannitol, sorbitol and the like. [0068] Preferably, in
addition to the active ingredient, solid dosage forms may contain a number
of additional ingredients referred to herein as "excipients". These
excipients include among others diluents, binders, lubricants, glidants and
disintegrants. Coloring agents may also be incorporated. "Diluents", as
used herein, are agents which impart bulk to the formulation to make a
tablet a practical size for compression. Examples of diluents are lactose
and cellulose. "Binders", as used herein, are agents used to impart
cohesive qualities to the powered material to help ensure the tablet will
remain intact after compression, as well as improving the freeflowing
qualities of the powder. Examples of typical binders are lactose, starch
and various sugars. "Lubricants", as used herein, have several functions
including preventing the adhesion of the tablets to the compression
equipment and improving the flow of the granulation prior to compression or
encapsulation. Lubricants are in most cases hydrophobic materials.
Excessive use of lubricants is undesired, however, as it may result in a
formulation with reduced disintegration and/or delayed dissolution of the
drug substance. "Glidants", as used herein, refer to substances which may
improve the flow characteristics of the granulation material. Examples of
glidants include talc and colloidal silicon dioxide. "Disintegrants", as
used herein, are substances or a mixture of substances added to a
formulation to facilitate the breakup or disintegration of the solid dosage
form after administration. Materials that may serve as disintegrants
include starches, clays, celluloses, algins, gums and cross-linked
polymers. A group of disintegrants referred to as "super-disintegrants"
generally are used at a low level in the solid dosage form, typically 1% to
10% by weight relative to the total weight of the dosage unit.
Croscarmelose, crospovidone and sodium starch glycolate represent examples
of a cross-linked cellulose, a cross-linked polymer and a cross-linked
starch, respectively. Sodium starch glycolate swells seven- to twelve fold
in less than 30 seconds effectively disintegrating the granulations that
contain it.[0069] The disintegrant preferably used in the present invention
is selected from the group comprising modified starches, croscarmallose
sodium, carboxymethylcellulose calcium and crospovidone. A more preferred
disintegrant in the present invention is a modified starch such as sodium
starch glycolate. 



[0070] Preferred carriers include capsules or compressed tablets which
contain the solid pharmaceutical dosage forms described herein. Preferred
capsule or compressed tablet forms generally comprise a therapeutically
effective amount of the crystalline forms of Compound (I) and one or more
disintegrants in an amount greater than about 10% by weight relative to the
total weight of the contents of the capsule or the total weight of the
tablet. [0071] Preferred capsule formulations may contain the crystalline
forms of Compound (I) in an amount from about 5 to about 1000 mg per
capsule. Preferred compressed tablet formulations contain the crystalline
forms of Compound (I) in an amount from about 5 mg to about 800 mg per
tablet. More preferred formulations contain about 50 to about 200 mg per
capsule or compressed tablet. Preferably, the capsule or compressed tablet
pharmaceutical dosage form comprises a therapeutically effective amount of
Form N-I of Compound (I); a surfactant; a disintegrant; a binder; a
lubricant; and optionally additional pharmaceutically acceptable excipients
such as diluents, glidants and the like; wherein the disintegrant is
selected from modified starches; croscarmallose sodium,
carboxymethylcellulose calcium and crospovidone. [0072] For oral
administration in liquid form, the crystalline forms of Compound (I) can be
combined with any oral, non-toxic pharmaceutically acceptable inert carrier
such as ethanol, glycerol, water and the like. The liquid composition may
contain a sweetening agent which to make the compositions more palatable.
The sweetening agent can be selected from a sugar such as sucrose,
mannitol, sorbitol, xylitol, lactose, etc. or a sugar substitute such as
cyclamate, saccaharin, aspartame, etc. If sugar substitutes are selected as
the sweetening agent the amount employed in the compositions of the
invention will be substantially less than if sugars are employed. Taking
this into account, the amount of sweetening agent may range from about 0.1
to about 50% by weight, and all combinations and subcombinations of ranges
and specific amounts therein. Preferred amounts range from about 0.5 to
about 30% by weight.[0073] The more preferred sweetening agents are the
sugars and particularly sucrose. The particle size of the powdered sucrose
used has been found to have a significant influence in the physical
appearance of the finished composition and its ultimate acceptance for
taste. The preferred particle size of the sucrose component when used is in
the range of from 200 to less than 325 mesh US Standard Screen, and all
combinations and subcombinations of ranges and specific particle sizes
therein. [0074] Sterile injectable solutions may be prepared by
incorporating the crystalline forms of Compound (I) in the required
amounts, in the appropriate solvent, with various of the other ingredients
enumerated herein, as required, followed by filtered sterilization.
Generally, dispersions may be prepared by incorporating the sterilized
active ingredient into a sterile vehicle which contains the dispersion
medium and any other required ingredients hi the case of sterile powders
for the preparation of sterile injectable solutions, the preferred methods
of preparation may include vacuum drying and the freeze drying technique
which may yield a powder of the active ingredient, plus any additional
desired ingredient from the previously sterilefiltered 



solution thereof. [0075] As would be apparent to a person of ordinary skill
in the art, once armed with the teachings of the present disclosure, when
dissolved, Compound (I) loses its crystalline structure, and is therefore
considered to be a solution of Compound (I). All forms of the present
invention, however, may be used for the preparation of liquid formulations
in which Compound (I) may be, for example, dissolved or suspended. In
addition, the crystalline forms of Compound (I) may be incorporated into
solid formulations. [0076] The liquid compositions may also contain other
components routinely utilized in formulating pharmaceutical compositions.
One example of such components is lecithin. Its use in compositions of the
invention as an emulsifying agent in the range of from 0.05 to 1% by
weight, and all combinations and subcombinations of ranges and specific
amounts therein. More preferably, emulsifying agents may be employed in an
amount of from about 0.1 to about 0.5% by weight. Other examples of
components that may be used are antimicrobial preservatives, such as
benzoic acid or parabens; suspending agents, such as colloidal silicon
dioxide; antioxidants; topical oral anesthetics; flavoring agents; and
colorants.[0077] The selection of such optional components and their level
of use in the compositions of the invention is within the level of skill in
the art and will be even better appreciated from the working examples
provided hereinafter. [0078] The crystalline forms of Compound (I) may also
be coupled with soluble polymers as targetable drug carriers. Such polymers
can include polyvinylpyrrolidine pyran copolymer,
polyhydroxypropylmethacrylamide-phenol, polyhydroxyethyl- aspartamidephenol
or polyethylene oxide-polylysine substituted with palmitolyl residues.
Furthermore, the crystalline Compound (I) may be coupled to a class of
biodegradable polymers useful in achieving controlled release of a drug,
for example, polylactic acid, polyglycolic acid, copolymers of polylactic
and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and
crosslinked or amphipathic block copolymers of hydrogels. [0079] Gelatin
capsules of the crystalline forms of Compound (I) may contain the
crystalline Compound (I) and the liquid or solid compositions described
herein. Gelatin capsules may also contain powdered carriers such as
lactose, starch, cellulose derivatives, magnesium stearate, stearic acid
and the like. Similar diluents can be used to make compressed tablets. Both
tablets and capsules can be manufactured as sustained release products to
provide for continuous release of medication over a period of hours.
Tablets can be sugar coated or film coated to mask any unpleasant taste and
to protect the tablet from the atmosphere or enteric coated for selective
disintegration in the gastrointestinal track. [0080] hi general, water, a
suitable oil, saline, aqueous dextrose (glucose), and related sugar
solutions and glycols, such as propylene glycol or polyethylene glycols are
suitable carriers for parenteral solutions. Solutions for parenteral
solutions are prepared by dissolving the crystalline Compound (I) in the
carrier and, if necessary, 



adding buffering substances. Anti-oxidizing agents such as sodium
bisulfite, sodium sulfite, or ascorbic acid either alone or combined, are
suitable stabilizing agents. Citric acid and its salts and sodium EDTA may
also be employed. Parenteral solutions may also contain preservatives, such
as benzalkonium chloride, methyl- or propyl-paraben and
chlorobutanol.[0081] Suitable pharmaceutical carriers are described in
Remington's Pharmaceutical Sciences, Mack Publishing Co., the disclosures
of which are hereby incorporated herein by reference, in their entireties.
Useful pharmaceutical dosageforms for administration of the compounds of
this invention can be illustrated as follows: Capsules [0082] A large
number of unit capsules can be prepared by filling standard two-piece hard
gelatin capsules each with 100 mg of powdered active ingredient (i.e.,
Factor Xa inhibitor), 150 mg of lactose, 50 mg of cellulose, and 6 mg
magnesium stearate. Soft Gelatin Capsules [0083] A mixture of active
ingredient in a digestible oil such as soybean oil, cottonseed oil or olive
oil can be prepared and injected by means of a positive displacement pump
into gelatin to form soft gelatin capsules containing 100 mg of the active
ingredient. The capsules should then be washed and dried. Tablets [0084] A
large number of tablets can be prepared by conventional procedures so that
the dosage unit is 100 mg of active ingredient, 0.2 mg of colloidal silicon
dioxide, 5mg of magnesium stearate, 275 mg of microcrystalline cellulose,
11mg of starch and 98.8 mg of lactose. Appropriate coatings may be applied
to increase palatability or delay absorption. Suspension [0085] An aqueous
suspension can be prepared for oral administration so that each 5mL contain
25 mg of finely divided active ingredient, 200 mg of sodium carboxymetliyl
cellulose, 5 mg of sodium benzoate, 1.0 g of sorbitol solution, U.S.P., and
0.025 mg of vanillin.Injectable [0086] A parenteral composition suitable
for administration by injection can be prepared by stirring 1.5% by weight
of active ingredient in 10% by volume propylene glycol and water. The
solution is sterilized by commonly used techniques. Nasal Spray [0087] An
aqueous solution is prepared such that each 1 mL contains 10 mg of active
ingredient, 1.8 mg methylparaben, 0.2 mg propylparaben and 10 mg
methylcellulose. The solution is dispensed into 1mL vials. Lung Inhaler
[0088] A homogeneous mixture of the active ingredient in polysorbate 80 is
prepared such that th e final concentration of the active ingredient will
be 10 mg per container and the final concentration of polysorbate 80 in the
container will be 1% by weight. The mixture is dispensed into each can, the
valves are crimped onto the can 



and the required amount of dichlorotetrafluoroethane is added under
pressure. [0089] The preferred crystalline form of Compound (T) may serve
as component (a) of this invention and can independently be in any dosage
form, such as those described above, and can also be administered in
various combinations, as described above. In the following description
component (b) is to be understood to represent one or more agents as
described herein suitable for combination therapy. [0090] Thus, the
crystalline forms of Compound (I) may be used alone or in combination with
other diagnostic, anticoagulant, antiplatelet, fibrinolytic,
antithrombotic, and/or profibrinolytic agents. For example, adjunctive
administration of Factor Xa inhibitors with standard heparin, low molecular
weight heparin, direct thrombin inhibitors (i.e. hirudin), aspirin,
fibrinogen receptor antagonists, streptokinase, urokinase and/or tissue
plasminogen activator may result in improved antithrombotic or thrombolytic
efficacy or efficiency. The crystals described herein may be administered
to treat thrombotic complications in a variety of animals, such as
primates, including humans, sheep, horses, cattle, pigs, dogs, rats and
mice. Inhibition of Factor Xa may be useful not only in the anticoagulant
therapy of individuals having thrombotic conditions, but also when
inhibition of blood coagulation may be required,such as to prevent
coagulation of stored whole blood and to prevent coagulation in other
biological samples for testing or storage. Thus, any Factor Xa inhibitor,
including the crystalline forms of Compound (T) as described herein, can be
added to or contacted with any medium containing or suspected of containing
Factor Xa and in which it may be desired to inhibit blood coagulation.
[0091] The crystalline forms of Compound (I) may be used in combination
with any antihypertensive agent or cholesterol or lipid regulating agent,
or concurrently in the treatment of restenosis, atherosclerosis or high
blood pressure. Some examples of agents that may be useful in combination
with a novel form of Compound (I) according to the present invention in the
treatment of high blood pressure include, for example, compounds of the
following classes: beta-blockers, ACE inhibitors, calcium channel
antagonists and alpha-receptor antagonists. Some examples of agents that
may be useful in combination with a compound according to the invention in
the treatment of elevated cholesterol levels or disregulated lipid levels
include compounds known to be HMGCoA reductase inhibitors, or compounds of
the fibrate class. [0092] Accordingly, components (a) and (b) of the
present invention may be formulated together, in a single dosage unit (that
is, combined together in one capsule, tablet, powder, or liquid, etc.) as a
combination product. When component (a) and (b) are not formulated together
in a single dosage unit, the component (a) may be administered at the same
time as component (b) or in any order; for example component (a) of this
invention may be administered first, followed by administration of
component (b), or they may be administered in the reverse order. If
component (b) contains more that one agent, these agents may be
administered together or in any order. When not administered at the same
time, preferably the administration of component (a) and (b) occurs less
than about one hour apart. Preferably, the route of 



administration of component (a) and (b) is oral. Although it may be
preferable that component (a) and component (b) both be administered by the
same route (that is, for example, both orally) or dosage form, if desired,
they may each be administered by different routes (that is, for example,
one component of the combination product may be administered orally, and
another component may be administered intravenously) or dosage forms.[0093]
Pharmaceutical kits which may be useful for the treatment of various
disorders, and which comprise a therapeutically effective amount of a
pharmaceutical composition comprising a novel form of Compound (I) in one
or more sterile containers, are also within the ambit of the present
invention. The kits may further comprise conventional pharmaceutical kit
components which will be readily apparent to those skilled in the art, once
armed with the present disclosure. Sterilization of the container may be
carried out using conventional sterilization methodology well known to
those skilled in the art. [0094] The present invention is further described
in the following examples. All of the examples are actual examples. These
examples are not to be construed as limiting the scope of the appended
claims. EXAMPLES Example 1 Preparation of Form N-3 [0095] 50 g of dried
crude Compound (I) was dissolved in 500 mL of CH2CI2 at room temperature.
150 mL 6N NH4OH was charged to the solution and agitated for a minimum of
30 minutes at room temperature. Phase sepration occurred in about 15-30
minutes and two phases were separated. The organic phase was agitated with
150 mL of IN HCl for at least 30 minutes and separated from the aqueous
phase. The organic phase was agitated with 150 mL of deionized water for at
least 30 minutes and separated from the aqueous phase. [0096] The organic
solution was polish filtered through 1 micron filter. 1100 mL of EtOAc was
added to the filtered organic solution. Some precipitate might form due to
the low solubility of the product in EtOAc. The solution/slurry was
distillated at < 55 0C Qacket tempeature) and 180 - 400 Hg pressure. About
1000 mL of was CH2CI2 removed. Another 500 mL of EtOAc was added.
Distillation was continued until the final volume is about 15 -20 mL/g of
input. The slurry was filtered by vacuum filtration with 12 cm ID Buchner
funnel and Whatman 4 filter paper. The resulting wet cake was deliquored
thoroughly and washed with EtOAc (3 x 100 mL), then deliquored thoroughly
again and washed with n-Heptane (2 x 100mL). The wet cake was dried at 50 -
55 0C under vaccum 20 - 28" Hg till a LOD of < 1%. Example 2 Polymorph
Transformation from N-3 to N-I [0097] Slurry 10 g of Example 1 in 150 mL of
200 proof Ethanol ( 15 niL/g) was heated up to 65C and held at 65C for 10
minutes. 0.5 g (5%) of Form N-I seeds was added and agitated at 250 rpm.
The slurry was held at 65C for 120-180 muintes until all crystals
transformed to Form N-I (monitored by Raman). The slurry 



was cooled to 20C over 60 minutes. The slurry was filtered and washed with
2 x 30 mL of EtOH. The resulting wet cake was dried at 60C and >25" Hg
vacuum. The dry material was de-lumped through 40 mesh screen to obtain
From N-I crystals. Example 3 Preparation of Form H2-2 [0098] 50 mg of dried
crude Compound (I) was dissolved in 4 mL THF. 6 mL of water was added. The
solution was vacumm concentrated at 300-500 mm. Hg for 16 - 24 hours or
until crystals appear. This procedure was duplicated with IPA instead of
THF. Example 4 Preparation of Form DC-4 [0099] 500 mg of dried crude
Compound (I) was dissolved in 6 mL of CH2CI2. The solution was concentrated
by opening the cap to let CH2CI2 evaporates until crystals appearred. The
slurry was filtered and vacuum dried under room temperature. Example 5
Preparation of Form EGDA.5-5 [00100] 1.08 g of Example 1 was dissolved in
8.5 mL OfCH2Cl2 at 400C. 1 mL of this solution was charged to 36 mL of
diacetoxy ethyleneglycol (EGDA). 15 mL of EGDA.5-5 seeds in EGDA was then
charged to the crystallization vessel.The remaining 7.5 mL of the CH2CI2
solution was charged to the crystallization vessel. A heavy slurry
containing EGDA.5-5 was formed within 20 minutes. [00101] X-ray powder
diffraction (PXRD) data were obtained using a Bruker C2 GADDS (General Area
Detector Diffraction System). The radiation was Cu Ka (40 KV, 50mA). The
sample-detector distance was 15 cm. Powder samples were placed in sealed
glass capillaries of lmm or less in diameter; the capillary was rotated
during data collection. Data were collected for 32Q<35 with a sample
exposure time of at least 2000 seconds. The resulting two-dimensional
diffraction arcs were integrated to create a traditional 1-dimensional PXRD
pattern with a step size of 0.02 degrees 2Qin the range of 3 to 35 degrees
20. [00102] Characteristic diffraction peak positions (degrees 2q0. 1 ) at
room tempeature or at a specified temperature were determined based on a
high quality pattern collected with a diffractometer (CuKa) with a spinning
capillary with 2Q calibrated with a NIST or other suitable standard.
[00103] Single crystal X-ray data were collected on a Bruker-Nonius CAD4
serial diffractometer (Bruker Axs, Inc., Madison WI). Unit cell parameters
were obtained through least-squares analysis of the experimental
diffractometer settings of 25 high-angle reflections. Intensities were
measured using Cu Ka radiation (l = 1.5418A) at a constant temperature with
the Q-2Qvariable scan technique and were corrected only for
Lorentz-polarization factors. Background counts were collected at the
extremes of the scan for half of the time of the scan. Alternately, single
crystal data were collected on a Bruker-Nonius Kappa CCD 2000 system using
Cu Ka radiation (l = 1.541 8 A). Indexing and processing of the measured
intensity data 



were carried out with the HKL2000 software package in the Collect program
suite R. Hooft, Nonius B.V. (1998). When indicated, crystals were cooled in
the cold stream of an Oxford cryogenic system during data collection.
[00104] The structures were solved by direct methods and refined on the
basis of observed reflections using either the SDP software package SDP,
Structure Determination Package, Enraf-Nonius, Bohemia, N.Y.) with minor
local modifications or the crystallographic package, MAXUS (maXus solution
and refinement software suit: S. Mackay, CJ. Gilmore, C. Edwards, M.
Tremayne, N.Stewart, and K. Shankland. maXus is a computer program for the
solution and refinement of crystal structures from diffraction data.
[00105] The derived atomic parameters (coordinates and temperature factors)
were refined through full matrix least-squares. The function minimized in
the refinements was Ew(IF0 I - |FC|)2. R is defined as S ||F| - |F||/S |F0
| while Rw = [w( |F0 | - IF I) 2 / |FO|2 ] 2 where w is an appropriate
weighting function based on errors in the observed intensities. Difference
maps were examined at all stages of refinement. Hydrogen atoms were
introduced in idealized positions with isotropic temperature factors, but
no hydrogen parameters were varied. [00106] "Hybrid" simulated powder X-ray
patterns were generated as described in the literature (Yin. S.; Scaringe,
R. P.; DiMarco, J.; Galella, M. and Gougoutas, J. Z., American
Pharmaceutical Review, 2003, 6(2), 80). The room temperature cell
parameters were obtained by performing a cell refinement using the
CellRefine.xls program. Input to the program includes the 2-theta position
of ca. 10 reflections, obtained from the experimental room temperature
powder pattern; the corresponding Miller indices, hkl, were assigned based
on the single-crystal data collected at low temperature. A new (hybrid)
PXRD was calculated (by either of the software programs, Alex or
LatticeView) by inserting the molecular structure determined at low
temperature into the room temperature cell obtained in the first step of
the procedure. The molecules are inserted in a manner that retains the size
and shape of the molecule and the position of the molecules with respect to
the cell origin, but, allows intermolecular distances to expand with the
cell. [00107] Differential scanning calorimetry (DSC) experiments were
performed in a TA Instruments(tm) model QlOOO. The sample (about 2-6 mg)
was weighed in an aluminum pan and recorded accurately recorded to a
hundredth of a milligram, and transferred to the DSC. The instrument was
purged with nitrogen gas at 50mL/min. Data were collected between room
temperature and 300C at 10C/min heating rate. The plot was made with the
endothermic peaks pointing down. [00108] Thermal gravimetric analysis (TGA)
experiments were performed in a TA histruments(tm) model Q500. The sample
(about 10-30 mg) was placed in a platinum pan previously tared. The weight
of the sample was measured accurately and recorded to a thousand of a
milligram by the instrument The furnace was purgedwith nitrogen gas at
lOOmL/min. Data were collected between room temperature and 30O0C at
10C/min heating rate. [00109] Moisture sorption isotherms for N-I were
collected in a VTI SGA-100 Symmetric Vapor Analyzer using about 10 mg
sample. The sample was dried at 60C 



until the loss rate of 0.0005 wt %/min was obtained for 10 minutes. The
sample was tested at 250C and 4, 5, 15, 25, 35, 45, 50, 65, 75, 85, and 95%
RH. Equilibration at each RH was reached when the rate of 0.0003 wt%/min
for 35 minutes or a maximum of 600 minutes was achieved. [00110] Various
crystalline forms of Compound (I) and its solvates were prepared and are
tabulated in Table 1. The unit cell data and other properties for these
examples are tabulated in Tables 2a and 2b. The unit cell parameters were
obtained from single crystal X-ray crystallographic analysis. A detailed
account of unit cells can be found in Chapter 3 of Stout & Jensen, "X-Ray
Structure Determination: A Practical Guide", (MacMillian, 1968). Table 1
*Generated from hybrid calculations **The cell for form H2-2 is either
twinned or pseudo along aTable 2b - Unit Cell Parameters (continued) Notes
for Tables: T is the temperature for the crystallographic data. Z1is the
number of molecules of Compound (I) in each asymmetric unit (not unit
cell). Vm is the molar volume, V(unit cell)/(Z drug molecules per cell). SG
is the crystallographic space group. R is the R-factor (measure of the
quality of the refinement). [00111] The fractional atomic coordinates for
the various crystalline forms are tabulated in Tables 3 to 7. Table 3 -
Positional Parameters and Their Estimated Standard Deviationsfor Form N-I
at room temperatureNOVEL USES FOR ESTROGEN BETA AGONISTS BACKGROUND OF THE
INVENTION This invention relates to the use of estrogen beta agonists (ERb
selective ligands) to treat cognitive diseases or disorders, including
those that manifest themselves in other disorders, such as schizophrenia,
multiple sclerosis, depression, Parkinson's Disease, stroke, Alzheimer's
Disease, and anxiety disorders, and symptoms thereof. Schizophrenia is a
disorder characterized by three distinct symptom clusters. Positive
symptoms consist of hallucinations, delusions and paranoia. Negative
symptoms include social withdrawal, flat affect, anhedonia and overall
decreased motivation. The neurocognitive deficits (i.e., cognitive
symptoms) include severe deficits in attention, episodic memory and
executive functioning. Although both males and females are equally prone to
develop schizophrenia, key gender differences are observed. Kraeplin
(1909-1915) first observed that female schizophrenia patients were
significantly older than males at age of first episode and this finding has
been reported in excess of 50 studies (Angermeyer MC and Kuhn L 1998 Eur
Arch Psychiatry Neurol Sci. 237(6):351-64). Sex differences in terms of age
at onset, symptom expression, and course of illness have been consistently
demonstrated in patients with schizophrenia (Seeman MV 1982 Can J
Psychiatry 



27(2):107-12; Goldstein JM 1988 Am J Psychiatry 145(6):684-9; Goldstein JM
and Link BG 1988 J Psychiatr Res. 22(2):141-55; Seeman MV and Lang M 1990
Schizophr Bull. 16(2):185-94; Seeman MV 1996 Can J Psychiatry 4
1(5):263-4). The onset of schizophrenia in females occurs later than it
does for males, peaking at menopause when estrogen production ceases. In a
clinical study it was observed that a significantly greater proportion of
women had late-onset schizophrenia (females =41% vs. males=20%), occurring
when estrogen levels were low or are below basal (Hafner H et al., 1988
Schizophr Bull. 24(1):99-113; Angermeyer MC and Kuhn L 1988; Angermeyer MC
et al., 1989 Psychol Med. 19(2):365-82; Lindamer LA et al., 1999 J Clin
Psychiatry 60(1):61-7; Lindamer LA et al., 2001 Biol Psychiatry
49(1):47-51). Prior to menopause, females respond better to antipsychotic
treatment(Jonsson H and Nyman AK 1991 Acta Psychiatr Scand. 83(5):342-6).
Female patients have more affective and paranoid symptoms and fewer
negative symptoms than male patients. Symptoms in female patients fluctuate
with the menstrual cycle with the highest rate of psychosis occurring at
pre-menstrual phases when circulating estrogens are low (Angermeyer MC and
Kuhn L 1998; Hafer H, Riecher-Rossler A ef a/., 1993 Psychol Med.
23(4):925-40; Seeman MV 1996). Drug naive females during first onset have
low levels of estrogen (Hafner H 2003 Psychoneuroendocrinology 28 Suppl
2:17-54; Riecher-Rossler 2003 Nervenarzt. 74(5)398-405; Angermeyer MC and
Kuhn L 1998; Hafner H, Riecher-Rossler A ef a/., 1993; Seeman MV 1996).
Interestingly, estrogen treatment in females, given in conjunction with
antipsychotic medication, improves positive and negative symptoms and
reduces extrapyramidial side effects (EPS) liability compared with
antipsychotic treatment alone (Rao ML and Kolsch H 2003
Psychoneuroendocrinology 28 Suppl 2:83-96). For example, women undergoing
treatment with antipsychotics who were given exogenous estrogen presented
with faster improvement of the positive, negative symptoms (PANSS) and
cognitive symptoms (Kulkarni ef a/., 2004) than those without estrogen
(Kulkarni J, Riedel A ef a/., 2001 Schizophr Res. 48(1):137-44; Kulkarni J,
Riedel A ef a/., 2002 Arch Women Ment Health 5(3):99-104). A recent report
demonstrated that 33 young men who were diagnosed with severe schizophrenia
had a significant decline in hallucinations and delusions while being
administered small doses of estradiol for two weeks. Within five days the
patients' scores measuring psychotic symptoms fell from around 60 or 70 -
classified as severe psychosis - to 20 or 30. (HealthyPlace.com (Feb. 25,
2003) Tesf Provides Hope for Men with Severe Schizophrenia, at
www.healthvplace.com/communities/thought disorders/schizo/news/estrogen.asp
, last accessed on Sep. 29, 2004). Glutamatergic and dopaminergic systems
are major transmitter systems thought to be integral to the symptomology
observed in schizophrenia. Schizophrenia is proposed to be a disorder of
altered synaptic function, and drugs that block the Nmethyl- D-asparate
(NMDA) sub-type of glutamate receptors in the brain, while inducing
psychotic symptoms and behaviors in humans and lab animals, also have a
negative effect on synaptic plasticity. Schizophrenic patients have
increasedsubcortical dopamine (DA) activity that is currently treated by D2
antagonists or 



partial agonists. Moreover, amphetamine (AMPH) challenge to schizophrenic
patients induces an increase in DA as measured with positron emission
tomography (PET) at the D2 receptor and a concomitant transient increase in
positive symptoms. Animal studies have demonstrated that estrogen has
antidopaminergic properties, reducing the concentrations of dopamine
(Dupont A, Di Paolo T et al., 1981 Neurosci Lett. 22(1):69-74) and dopamine
D2 receptor sensitivity in the brain (Hafner H, Behren S et al., 1991
Psychiatry Res. 38(2):125-34). In rodent models of psychosis, AMPH and
direct D2 agonists such as apomorphine are used to induce behaviors
associated with the increase in DA, such as climbing. In ovariectomized
(OVX) rats, chronic 4-week estrogen treatment attenuates the apomorphine
(APO) dopaminergic-associated behaviors. Studies have demonstrated that
estradiol benzoate will attenuate apomorphine induced climbing in male mice
(Fung YK et a/., 1986 Pharmacol Biochem Behav. 24(1):139-41; Fung YK et
al., 1987 Steroids 49(4- 5):287-94). Estrogens have been studied as an
adjunctive therapy for schizophrenia or as a standalone treatment. (Seeman
MV 1996; Lindamer LA et al., 1997 Psychopharmacol Bull. 33(2):221-8; Hoff,
Kremen et al., 2001 Am J Psychiatry 158(7):1 134-9; Kulkarni J , Riedel A
et al., 2001; Rao ML and Kolsch H 2003). Research has demonstrated that
attentional (Buchanan RW, Strauss ME et al., 1997 Am J Psychiatry
154(3):363-70) and cognitive impairments are associated with the negative
and the disorganized symptoms of schizophrenia, thus helping to produce
impaired conceptual thought (Menon V , Anagnoson RT et al., 2001 Neuroimage
13(3):433-46; Tek, Gold ef a/., 2002 Arch Gen Psychiatry 59(2):146-53),
culminating in deficits of attention, object naming, working memory and
long-term memory storage, and the concomitant slowing of information
processing and neural activity. Indeed, at best, treatment with atypical
antipsychotic treatment only relieves 20-25% of all the symptoms associated
with schizophrenia (Hirsch and Weinberger Eds., Schizophrenia 2003). One
third of patients respond minimally to antipsychotic medication, and some
fail to respond to any treatment (e.g., negative symptoms, neurocognitive
function, depressive features and physical illness) (Liberman RP and
Corrigan PW 1992 J Neuropsychiatry CHn Neurosci. 4(2): 119-24; Conley RR
and Buchanan RW 1997 Schizophr Bull. 23(4):663-74). The situation with the
currentantipsychotic medication and their lack of efficacy on the
associated neurocognitive deficits is unfortunate. Not only are these
symptoms present prior to the onset of the illness, improvements are
proposed to be associated with the remediation of the negative symptoms and
more successful rehabilitation of the patient population. Thus, treatment
of the cognitive symptoms of schizophrenia is considered a great unmet
medical need. Further, with regards to cognition, it is well established
that mammalian glutamatergic activity plays important roles in several
distinct learning and memory processes (Morris RG, Moser, El et al., 2003
Philos Trans R Soc Lond B Biol Sci. 358(1432)773-86). Hippocampal NMDA
receptors are needed for learning, indicating a role for plasticity. They
are not required for consolidation or retrieval (Day, M., Langston, R. et
al., 2003 Nature 10;424(6945):205-9), while hippocampal 



alpha-amino-S-hydroxy- -methylisoxazole^-propionic acid (AMPA) receptors
are required for consolidation and retrieval (Morris et al., 2003).
Evidence has shown that estrogen influences hippocampal physiology and
morphology (for review, see McEwen B 2002 Recent Prog Horm Res. 57,
357-84). Estrogens have marked effects on hippocampal synaptic function,
increasing hippocampal dendrtic spine density and the number of
varicosities that can form multiple synapses with different cells (Segal M,
Murphy D 2001 Horm Behav. 40(2), 156-9). With an acute rise in estrogen
there is a concomitant increase in NMDA receptors and NMDA
receptor-mediated Ca2+ signals in the hippocampus (for review see Foy MR
2001 Neurobiology of Learning and Memory (76)239-252; Foy MR, Xu, J et al.,
1999 Journal of Neurophysiology ( 81)925-929; Pozzo-Miller LD, lnoue T et
al., 1999 Journal of Neurophysiology (81)1404-141 1; Woolley CS 1999
Current Opinion in Neurobiology 9(3) 349-54). In addition, estrogen can
influence other synaptic signaling processes, including the balance of
protein phosphatase and kinase activity (Sharrow et al., 2002 Neuroscience
(113)89-97.). The induction of NMDA-receptor dependent long-term depression
(LTD) is impaired at hippocampal CA3-CA1 synapses when estrogen production
ceases and chronic estrogen replacement restores this effect (Day and Good,
2005 Jan., Neurobiol Learn Mem., 83(1): 13-21). Zeng et al., reported a
forebrain specific calcineurin knockout impairedthe induction of LTD and
this deficit of hippocampal plasticity was related to impaired acquisition
of a spatial working memory task (2001 Ce// 107(5) 617-29). Manahan-
Vaughan & Braunewell reported that the induction of LTD was facilitated in
two strains of rats during exploration of a novel environment (1999 Proc.
Nat Acad. Sci. (USA) 96(15) 8739-44). Xu, Anwyl & Rowan (1998) reported
that the exploration of a novel environment induced depotentiation of LTP
in the CA1 region (1998 Nature 394(6696) 891-4). Further,' McGaughy and
Sarter reported that ovariectomized rats showed sustained attentional
vigilance relative to control animals in a 5-choice response task (1999
Behavioural Neuroscience ( 113(6) 1216-32). Furthermore, data has shown
that ovariectomized rats were slower to extinguish contextual freezing than
estrogen-treated rats (Gupta RR, Sen S et al., 2001 Brain Research (888)
356- 365). Thus, in addition to schizophrenia, estrogen beneficially
affects cognition. For example, cognitive disorders that manifest
themselves in other disorders, such as depression, multiple sclerosis,
Parkinson's disease, Alzheimer's disease, stroke, and anxiety are
beneficially affected from use of estrogen. Depression is a mental state of
depressed mood characterized by feelings of sadness, despair, and
discouragement. Depression includes the normal feelings of "the blues"
through dysthymic disorder to major depressive disorder. Dysthymic disorder
is a mood disorder characterized by depressed feeling (sad, blue, low),
loss of interest or pleasure in usual activities, and at least some of the
following: changes in appetite and sleep patterns, lack of energy, low self
esteem, poor concentration or decision-making skills, and feelings of
hopelessness. In dysthymic disorders, symptoms have persisted for more than
two years but are not severe enough to meet the criteria for major
depressive disorder. Major depressive disorder is characterized 



by major depressive episodes, a period of daily depressed mood or loss of
interest or pleasure in almost all activities with some combination of the
following symptoms: altered appetite, weight, or sleep patterns,
psychomotor agitation or retardation, diminished capacity for thinking,
concentration, or decisiveness, lack of energy and fatigue, feelings of
worthlessness, self-reproach, or guilt, frequent thoughts of death or
suicide, plans or attempts to commit the latter (Diagnostic and Statistical
Manual of Mental Disorders, 4th ed., American Psychiatric Association,
Washington D.C 1 1994).Depressive disorders affect over fifteen percent
(15%) of the population. In studies of unipolar and bipolar Il depression,
females were twice as likely as males to exhibit clinical depression.
Moreover, sex differences were linked to the type of depression, with
unipolar depression more frequent (4:1) in females than males. Women
suffering from depression are more likely to be hospitalized and more women
suffer from anxiety. Therefore, endocrine factors may not only influence
the incidence, but also the expression of depression (Birkhauser M 2002
Matutas 4 1 Suppl 1: S3-8). Additional investigation of women over forty
(>40) years of age demonstrated that they suffer more from unipolar, rather
than bipolar, depression (Kuehner C 2003 Acta Psychiatr Scand 108(3):
163-74). In addition to changes in estrogen during peri- and
post-menopause, the impact of estrogen modulation and hypogonadism on
psychosocial behavior is also observed in perimenstrual dysphoric disorder
(PMDD) and post-partum depression. Other studies have shown that
estrogen-replacement therapy may have anti-depressant effectiveness for
some women. Yet estrogen-replacement therapy, as well as traditional
antidepressants such as tricyclic antidepressants, monoamine oxidase and
selective serotonin reuptake inhibitors (SSRIs), have a number of unwanted
side effects or risks. For estrogen-replacement therapy these risks may
include heart disease, stroke, and breast cancer. For traditional
antidepressants, undesirable side effects and risks may include drug
dependency, insomnia, confusion, tachycardia, hypertension, nausea,
diarrhea, anxiety, fatigue, and decreased libido, amongst others. Multiple
sclerosis (MS) is a debilitating neurological disease characterized by a
progressive loss of motor and sensory function, which eventually leads to
paralysis and death. The primary cause of neurological impairment is
demyelination of the central nervous system (CNS) caused by an inflammatory
autoimmune response. Thus, in people affected by MS, patches of damage
called plaques or lesions appear in seemingly random areas of the CNS
"white matter," which is made up of nerve fibers that are responsible for
transmitting communication signals both internally within the CNS and
between the CNS and the nerves supplying the rest of the body. At the site
of a lesion, the nerve insulating material myelin is lost. Studies have
shown that the severity of MS is reduced during pregnancy, suggesting that
the increased level of sex hormones reduces the autoimmune response. Liu,
H. Y. et a/.,have shown that estrogen treatment confers protection from
experimental autoimmune encephalomyelitis (EAE), which is an animal model
for MS (J Neurosci Res 2002 70(2): 238-48). The neurodegenerative disorder
caused by substantia nigra (midbrain) dopamine cell death and which is
characterized by symptoms of bradykinesia, 



rigidity, dyskinesia, and postural instability is known as Parkinson's
disease. The most effective symptomatic agent in the treatment of
Parkinson's disease is levodopa, which is considered the "gold standard."
However, there are concerns regarding the toxicity and the motor and
psychiatric effects of the use of levodopa (Olanow CW ef a/., 2004 Mov
Disord. 19(9): 997; Crosby N et a/., 2003 Cochrane Database Sys Rev.
(1):CD00368). Amantadine, an antiviral drug, has been used to improve
symptoms of Parkinson's disease. Yet a review of six randomized controlled
trials of amantadine found insufficient evidence of its efficacy and safety
in the treatment of idiopathic Parkinson's disease (Crosby N ef a/., 2003).
Stroke (also called ischemic stroke, stroke syndrome and cerebrovascular
accident) is a condition with sudden onset caused by acute vascular lesions
of the brain such as infarction from hemorrhage, embolism, or thrombosis,
or a rupturing aneurysm. Typical symptoms reflecting the focus of
infarction or hemorrhage include hemiparesis, vertigo, numbness, aphasia
and dysarthria. Permanent neurologic damage generally is a result.
Alzheimer's disease is a progressive neurodegenerative disorder of the CNS
associated with irreversible cognitive and memory loss characterized by
extracellular deposition of the amyloid beta peptide in senile plaques, the
appearance of intracellular neurofibrillary tangles, cholinergic deficit,
extensive neuronal loss and synaptic changes in the cerebral cortex,
hippocampus and other areas of brain essential for cognitive and memory
functions. Clinical hallmarks of Alzheimer's disease are progressive
impairment in memory, judgment, decision-making, orientation to physical
surroundings, and language. It is the most common of all neurodegenerative
diseases, accounting for about two-thirds of dementia cases withvascular
causes and other neurodegenerative diseases mostly covering the remaining
one-third. There is no cure for Alzheimer disease. Four drugs - Aricept(r)
(donepezil HCI), Exelon(r) (rivastigmine tartrate), Reminyl(r) (galantamine
HBr) and Cognex(r) (tacrine) - have been approved by the FDA to treat the
symptoms of mild to moderate Alzheimer's. These drugs act by increasing the
effects of acetylcholineacetylcholine, a chemical that transmits nerve
signals in the brain. The drugs have various side effects for some
patients. Yet preclinical data has shown that estrogen is neuroprotective,
regenerative, a modulator of Apolipoprotein E (APOE, gene; ApoE, protein;
the major genetic susceptibility locus of Alzheimer's disease) and
potentially disease modifying. Estrogen also has been shown to have an
anti-anxiety effect (Frye CA and WaIf AA (2004) Behav Neurosci.
118(2):306-1 3). Anxiety is a disorder characterized by feelings of
apprehension and fear, which are accompanied by physical symptoms that are
severe and disabling. Symptoms of anxiety include increased respiration,
tachycardia, sweating and tremor. Generally, benzodiazepines are effective
in treating anxiety disorders; however, long-term use of these compounds
may be limited because of associated risks for dependency. See, e.g., R. J.
Balderssarini in Goodman & Gilman's The Pharmacological Basis of
Therapeautics, 10th ed., 19 (J. 



C. Hardman & L. E. Limbird eds., McGraw-Hill, 2001). Two forms of the
estrogen receptor have been identified, ERa and ERb. ERb is expressed in
both male and female rat brain regions (Zhang JQ, Cai, WQ e a/., 2002 Brain
Res 935(1-2): 73-80). Distribution of ERb mRNA and receptors in rodents
matches that seen in humans and non-human primates. Also, the consequences
and subtleties of the different conformations the receptors adopt when
binding ligands have been recently revealed. See U.S. Patent 6,794,403 and
EP-A- 1451 165, which are herein incorporated by reference in their
entireties. A large number of compounds have been described that either
mimic or block the activity of 17b-estradiol. Compounds having roughly the
same biological effectsas 17b-estradiol, the most potent endogenous
estrogen, are referred to as "estrogen receptor agonists". Because the ERb
receptor is located on the oligodendrocytes and on the inner and outer
layer of the myelin sheath of the CNS, ERb agonists may be effective in the
treatment of MS. It now has been found that ERb selective agonists can
effect beneficially diseases or disorders with cognitive deficits, such as
MS, and alleviate the undesirable symptoms and side effects thereof as
described above. This invention is directed to these, and other, important
ends. SUMMARY OF THE INVENTION The present invention provides methods for
treating Parkinson's disease or symptoms thereof that include the
administration of an ERb selective agonist. The present invention further
provides methods for ameliorating symptoms of cognitive diseases or
disorders, such as schizophrenia, multiple sclerosis, depression, stroke,
Alzheimer's disease and anxiety, which include the administration of an ERb
selective agonist. In some embodiments of the methods of the invention, the
ERb selective agonist passes the blood-brain barrier or has a longevity in
the body that allows for enough accumulation in the brain. In further
embodiments, the ERb selective agonist has one of the Formulas I-XI, infra.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1: shows three (3) days of estrogen
treatment attenuates (top panel) apomorphine induced climbing (AIC) 24 and
48 hours after the last estrogen treatment (middle panel); however, three
(3) days of treatment with the ERb selective ligand,
7-bromo-2-(4-hydroxyphenyl)-1, 3-benzoxazol-5-ol, leads to a more profound
blockade of AIC (lower panel). FIG. 2: shows that bERKO mice demonstrate
clear hippocampal dependent deficit without any similar amygdale memory
deficit. DETAILED DESCRIPTION OF THE INVENTION In one aspect, the present
invention provides methods for treating Parkinson's disease comprising the
steps of:a) identifying a patient having Parkinson's disease; and b)
administering to the patient a therapeutically effective amount of an ERb
selective ligand, wherein said ERb selective ligand is substantially free
of ERb antagonist activity. In some embodiments, the invention provides
methods for ameliorating one 



or more symptoms or side effects of Parkinson's disease. In further
embodiments, the invention provides methods for ameliorating one or more
symptoms or side effects of a cognitive disease or disorder such as
schizophrenia, multiple sclerosis, depression, stroke, Alzheimer's disease
and anxiety. In some embodiments of the invention, methods are provided for
treating Parkinson's disease that comprise identifying a patient having
Parkinson's disease and administering to the patient a therapeutically
effective amount of an ERb selective ligand, or a pharmaceutically
acceptable salt or prodrug thereof, wherein the ERb selective ligand has
the Formula I: I wherein: R1 is hydrogen, hydroxyl, halogen, alkyl of 1-6
carbon atoms, trifluoroalkyl of 1-6 carbon atoms, cycloalkyl of 3-8 carbon
atoms, alkoxy of 1-6 carbon atoms, trifluoroalkoxy of 1-6 carbon atoms,
thioalkyl of 1-6 carbon atoms, sulfoxoalkyl of 1-6 carbon atoms,
sulfonoalkyl of 1-6 carbon atoms, aryl of 6-10 carbon atoms, a 5 or
6-membered heterocyclic ring having 1 to 4 heteroatoms selected from O, N
or S, -NO2, -NR5R6, -N(R 5)COR6, -CN, -CHFCN, -CF2CN, alkynyl of 2-7 carbon
atoms, or alkenyl of 2-7 carbon atoms; wherein the alkyl or alkenyl
moieties are optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR5, -CO2R5, -NO2, CONR5R6, NR5R6 or
N(R5)COR6;R2 and R2a are each, independently, hydrogen, hydroxyl, halogen,
alkyl of 1-6 carbon atoms, alkoxy of 1-4 carbon atoms, alkenyl of 2-7
carbon atoms, alkynyl of 2- 7 carbon atoms, trifluoroalkyl of 1-6 carbon
atoms, or trifluoroalkoxy of 1-6 carbon atoms; wherein the alkyl or alkenyl
moieties are optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR5, -CO2Rs, - NO2, CONR5R6, NR5R6 or
N(R5)COR6; R3, R3a, and R4 are each, independently, hydrogen, alkyl of 1-6
carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
halogen, alkoxy of 1-4 carbon atoms, trifluoroalkyl of 1-6 carbon atoms, or
trifluoroalkoxy of 1-6 carbon atoms; wherein the alkyl or alkenyl moieties
are optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -COR5, -CO2R5, - NO2, CONR5R6, NR5R6 or N(R5)COR6; R5 or
R6 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, aryl of
6-10 carbon atoms; X is O, S, or N R7; R7 is hydrogen, alkyl of 1-6 carbon
atoms, aryl of 6-10 carbon atoms, -COR5, -CO2R or -SO2R5; or a
pharmaceutically acceptable salt or prodrug thereof. In further embodiments
of the invention, the ERb selective ligand has Formula II: wherein: Ri is
alkenyl of 2-7 carbon atoms; wherein the alkenyl moiety is optionally
substituted 



with hydroxyl, -CN, halogen, trifluoroalkyl, trifluoroalkoxy, -COR5,
-CO2R5, - NO2, CONR5R6, NR5R6 or N(R5)COR6; R2 and R2a are each,
independently, hydrogen, hydroxyl, halogen, alkyl of 1-6 carbon atoms,
alkoxy of 1-4 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, trifluoroalkyl of 1-6 carbon atoms, or trifluoroalkoxy of 1-6
carbon atoms; wherein the alkyl, alkenyl, or alkynyl moieties are
optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -COR5, - CO2R5, -NO2, CONR5R6, NR5R6 or N(R5)COR6; R3, and
R3a are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, halogen, alkoxy of 1-4
carbon atoms, trifluoroalkyl of 1-6 carbon atoms, or trifluoroalkoxy of 1-6
carbon atoms; wherein the alkyl, alkenyl, or alkynyl moieties are
optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -COR5, - CO2R5, -NO2, CONR5R6, NR5R6 or N(R5)COR 6; R5 or
R6 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, aryl of
6-10 carbon atoms; X is O, S, or N R7; R7 is hydrogen, alkyl of 1-6 carbon
atoms, aryl of 6-10 carbon atoms, -COR5, -CO2R5 Or-SO 2R5; or a
pharmaceutically acceptable salt or prodrug thereof. In some embodiments of
the methods of the invention wherein the ERb selective ligand is of Formula
II, or a pharmaceutically acceptable salt or prodrug thereof, X is O. In
further such embodiments, X is O and R1 is alkenyl of 2-3 carbon atoms,
which is optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR 5, -CO2R5, -NO2, CONR 5R6, NR5R6 or
N(Rs)COR 6. In still further such embodiments, the ERb selective ligand is
2-(3-fluoro-4-hydroxyphenyl)- 7-vinyl-1 ,3-benzoxazol-5-ol or a
pharmaceutically acceptable salt or prodrug thereof. The preparation of ERb
selective ligands having Formulae I and Il is described in U.S. Pat. No.
6,794,403 and EP-A-1451165, incorporated herein by reference in their
entireties. In further embodiments of methods of the invention, the ERb
selective ligand is of Formula III:wherein: R-i, R2, R3, and R4 are each,
independently, selected from hydrogen, hydroxyl, alkyl of 1-6 carbon atoms,
alkoxy of 1-6 carbon atoms, or halogen; R5, R , R7, Rs, R9, and R10 are
each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7
carbon atoms, alkynyl of 2-7 carbon atoms, halogen, alkoxy of 1-6 carbon
atoms, -CN, -CHO, phenyl, or a 5 or 6-membered heterocyclic ring having 1
to 4 heteroatoms selected from O, N or S; wherein the alkyl or alkenyl
moieties of R5, R6, R7, R8, R9, or R10 may be optionally substituted with
hydroxyl, -CN, halogen, trifluoroalkyl, trifluoroalkoxy, -NO2, or phenyl;
wherein the phenyl moiety of R5, R6, R7, R8, R9, or R10 may be optionally
mono-, di-, or tri-substituted with alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, halogen, hydroxyl, alkoxy of 1-6 carbon atoms, -CN, - 



NO2, amino, alkylamino of 1-6 carbon atoms, dialkylamino of 1-6 carbon
atoms per alkyl group, thio, alkylthio of 1-6 carbon atoms, alkylsulfinyl
of 1-6 carbon atoms, alkylsulfonyl of 1-6 carbon atoms, alkoxycarbonyl of
2-7 carbon atoms, alkylcarbonyl of 2-7 carbon atoms, or benzoyl; wherein at
least one of R-i, R , R3, R4, R , R , R9, or R10 is hydroxyl, or a
pharmaceutically acceptable salt or prodrug thereof; or of Formula
IV:wherein: R1 and R2 are each, independently, selected from hydrogen,
hydroxyl, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, and
alkynyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, or halogen; R5, R
, R7, Re, or R9 are each, independently, hydrogen, alkyl of 1-6 carbon
atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, halogen,
alkoxy of 1-6 carbon atoms, -CN, -CHO, trifluoromethyl, phenylalkyl of 7-12
carbon atoms, phenyl, or a 5 or 6-membered heterocyclic ring having 1 to 4
heteroatoms selected from O, N or S; wherein the alkyl or alkenyl moieties
of R5, Re, R7, Rs, or R9 may be optionally substituted with hydroxyl, -CN,
halogen, trifluoroalkyl, trifluoroalkoxy, -NO2, or phenyl; wherein the
phenyl moiety of R5, R6, R7, R8, or R9 may be optionally mono-, di-, or
tri-substituted with alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon
atoms, halogen, hydroxyl, alkoxy of 1-6 carbon atoms, -CN, -NO2, amino,
alkylamino of 1-6 carbon atoms, dialkylamino of 1-6 carbon atoms per alkyl
group, thio, alkylthio of 1-6 carbon atoms, alkylsulfinyl of 1-6 carbon
atoms, alkylsulfonyl of 1-6 carbon atoms, alkoxycarbonyl of 2-7 carbon
atoms, alkylcarbonyl of 2-7 carbon atoms, or benzoyl; wherein at least one
of R5 or R9 is not hydrogen, or a pharmaceutically acceptable salt or
prodrug thereof; or of Formula V:v or a pharmaceutically acceptable salt
thereof. in other embodiments, the ERb selective ligand is of Formula V
wherein the 5 or 6-membered heterocyclic ring having 1 to 4 heteroatoms
selected from O, N or S is furan, thiophene or pyridine, or a
pharmaceutically acceptable salt thereof. In further embodiments, R5, R6, R
, Rs, and R9 are each, independently, hydrogen, halogen, -CN, alkynyl of
2-7 carbon atoms, alkoxy of 1-6 carbon atoms, -CHO, trifluoromethyl or
phenylalkyl of 7-12 carbon atoms, or a pharmaceutically acceptable salt
thereof. In still further embodiments, R6, R , and R8 are hydrogen or a
pharmaceutically acceptable salt thereof. In some embodiments wherein the
ERb selective ligand has the Formula IV, the compound is
7-(4-hydroxyphenyl)-2-naphthol; 7-(3-hydroxyphenyl)-2-naphthol; 6-
(4-hydroxyphenyl)-1-naphthol; 6-phenyl-2-naphthol;
6-(3-hydroxyphenyl)-2-naphthol; 6-(3-chlorophenyl)-2-naphthol;
2-fluoro-4-(2-naphthyl)phenol; 6-(3-fluoro-4- hydroxyphenyl)-2-naphthol;
6-(3-chloro-4-hydroxyphenol)-2-naphthol; 1-chloro-6- phenyl-2-naphthol;
1-bromo-6-(4-hydroxyphenyl)-2-naphthol; 1-chloro-6-(4- 



hydroxyphenyl)-2-naphthol; 1-fluoro-6-(4-hydroxyphenyl)-2-naphthol;
2-hydroxy-6-(4- hydroxyphenyl)-1-naphthonitrile;
6-(4-hydroxyphenyl)-1-phenyl-2-naphthol; 6-(4-
hydroxyphenyl)-1-methyl-2-naphthol;
1-chloro-6-(3-fluoro-4-hydroxyphenyl)-2- naphthol;
1-chloro-6-(3~chloro-4-hydroxyphenyl)-2-naphthol; 6-(4-hydroxyphenyl)-1 -
nitro-2-naphthol; 1-chloro-6-(4-hydroxy-2-methylphenyl)-2-naphthol;
6-(4-hydroxy-2-methylphenyl)-2-naphthol;
6-(4-hydroxy-2-methoxyphenyl)-2-naphthol; 6-(2-chloro-4-
hydroxyphenyI)-2-naphthol;
1-chloro-6-(2-chloro-4-hydroxyphenyl)-2-naphthol; 6-(2-
fluoro-4-hydroxyphenyl)-2-naphthol;
6-(2,5-difluoro-4-hydroxyphenyl)-2-naphthol; 6-
(2,6-difluoro-4-hydroxyphenyl)-2-naphthol;
1-chloro-6-(2-fluoro-4-hydroxyphenyl)-2- naphthol;
1-chloro-6-(2,5-difluoro-4-hydroxyphenyl)-2-naphthol; 1-chloro-6-(2,6-
difluoro~4-hydroxyphenyl)-2-naphthol;
8-fluoro-6-(4-hydroxyphenyl)-2-naphthol; 1-
chloro-8-fluoro-6-(4-hydroxyphenyl)-2-naphthol;
8-chloro-6-(4-hydroxyphenyl)-2- naphthol;
1,5-dichloro-8-fluoro-6-(4-hydroxyphenyl)-2-naphthol; 2-chloro-4-(2-
naphthyl)phenol; 3-bromo-8-chloro-6-(4-hydroxyphenyl)-2-naphthol;
1,8-dichloro-6- (4-hydroxyphenyl)-2-naphthol; 3-bromo-1
,8-dichloro-6-(4-hydroxyphenyl)-2-naphthol;
7-hydroxy-3-(4-hydroxyphenyl)-1-naphthonitrile;
8-chloro-3-(4-hydroxyphenyl)-7- hydroxy-1 -naphthonitrile;
8-chloro-3-(3-fluoro-4-hydroxyphenyl)-7-hydroxy-1 - naphthonitrile;
6-(3,5-difluoro-4-hydroxyphenyl)-2-naphthol; 1-chloro-6-(3,5-difluoro-
4-hydroxyphenyl)-2-naphthol; 8-bromo~7-hydroxy-3-(4-hydroxyphenyl)-1-
naphthonitrile; 8-fluoro-6-(3-fluoro-4-hydroxyphenyl)-2-naphthol;
1-chloro-8-fluoro-6- (3-fluoro-4-hydroxyphenyl)-2-naphthol;
3-(3-fluoro-4-hydroxyphenyl)-7-hydroxy-1- naphthonitrile;
3-(3,5-difluoro-4-hydroxyphenyl)-7-hydroxy-1 -naphthonitrile; or a
pharmaceutically acceptable salt or prodrug thereof. The preparation of ERb
selective ligands having Formulae III, IV and V are described in U.S.
Patent No. 6,914,074 and patent application, WO 03/051805, incorporated
herein by reference in their entireties. In further embodiments of the
methods of the present invention, the ERb selective ligand is of Formula
Vl: wherein: A is alkyl of 1-6 carbon atoms, halogen, trifluoroalkyl of 1-6
carbon atoms, hydroxyalkyl of 1-6 carbon atoms, -CO2H, -NH2, or -OP;A' is
-OP, -CO2P, halogen, or hydroxyalkyl; P is hydrogen, alkyl of 1-6 carbon
atoms, or phenyl; Z is hydrogen, alkyl of 1-6 carbon atoms, halogen, -NO2,
-CN, trifluoroalkyl of 1-6 carbon atoms, -COP, -CO2P, or -C(P)=N-OP; R and
R' are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2- 7 carbon atoms, halogen, -OP, -SP, -SOP, -SO2P, -SCN, trifluoroalkyl of
1-6 carbon atoms, -CF2CF3, trifluoroalkoxy of 1-6 carbon atoms, -NO2, -NH2,
-NHOP, hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 1-6 carbon atoms
per alkyl group, -alkyl-SP, -alkyl-SOP, -alkyl-SO 2P, -CN, -alkyl-CN,
-alkenyl- CN, -alkylSCN, -CHFCN, -CF2CN, -alkenyl-NO 2, haloalkyl of 1-6
carbon atoms, dihaloalkenyl of 2-7 carbon atoms, -COP, -COCF3, -CO2P, -CONR
1R2, -alkyl-CONRiR 2, -alkenyl-CONR^z, -alkyl-COP, -alkenyl-COP, -alkenyl-
CO2P, -alkenyl-CO 2P, oxadiazolyl, furyl, thienyl, pyrrolyl, imidazolyl,
triazolyl, 



ortetrazolyl; X and Y are each, independently, hydrogen, alkyl of 1-6
carbon atoms, halogen, -NO2, -CN, trifluoroalkyl of 1-6 carbon atoms, -OP,
hydroxyalkyl of 1-6 carbon atoms, -CO2H, or phenyl which is optionally
mono- or di-substituted with hydroxyl, benzyloxy, alkoxy of 1-6 carbon
atoms, or -OCH2CH2NRiR 2; R1 and R2 are each, independently, hydrogen,
alkyl of 1-6 carbon atoms, or alkoxy of 1-6 carbon atoms; or R1 and R2 are
concatenated together as -(CH2)p- ; p = 2-6; or a pharmaceutically
acceptable salt or prodrug thereof. The preparation of ERb selective
ligands having Formula Vl are described in U.S. Patent No. 6,774,248 and
patent application, WO 03/051860, incorporated herein by reference in their
entireties. In further embodiments of the present invention, the ERb
selective ligand is of Formula VII:wherein: A and A' are each,
independently, OH or OP; P is alkyl, alkenyl, benzyl, acyl, aroyl,
alkoxycarbonyl, sulfonyl or phosphoryl; R1 and R2 are each, independently,
H, halogen, C1-C6 alkyl, C2-C7 alkenyl, or C1-C6 alkoxy; R3 is H, halogen,
or C1-C6 alkyl; R4 is H, halogen, C1-C6 alkyl, C2-C7 alkenyl, C2-C7
alkynyl, C3-C7 cycloalkyl, C1-C6 alkoxy, -CN, -CHO, acyl (i.e.,
alkylcarbonyl such as acetyl), or heteroaryl, e.g., where heteroaryl is an
aromatic ring of up to 5 carbon atoms and at least one heteroatom selected
from O, N or S including furyl, thienyl, pyrrolyl, pyridyl, pyrimidyl,
oxazolyl, thiazolyl, etc.; R5 and R6 are each, independently, H, halogen,
C1-C6 alkyl, C2-C7 alkenyl, C2-C7 alkynyl, C3-C7 cycloalkyl, C1-C6 alkoxy,
-CN, -CHO, acyl, phenyl, aryl or heteroaryl, provided that at least one of
R4, R5 and R6 is halogen, C1-C6 alkyl, C2-C7 alkenyl, C2-C7 alkynyl, C3-C7
cycloalkyl, C1-C6 alkoxy, -CN, -CHO, acyl, phenyl, aryl or heteroaryl;
wherein the alkyl or alkenyl moieties of R4, R5 or R6 may be optionally
substituted with halogen, OH, -CN, trifluoroalkyl, trifluoroalkoxy, -NO2,
or phenyl; wherein the alkynyl moiety of R4, R5 or R6 may be optionally
substituted with halogen, -CN, -CHO, acyl, trifluoroalkyl, trialkylsilyl,
or optionally substituted phenyl; wherein the phenyl moiety of R5 or R6 may
be optionally mono-, di-, or tri-substituted with halogen, C1-C6 alkyl,
C2-C7 alkenyl, OH, C1-C6 alkoxy, -CN, -CHO, -NO2, amino, C1-C6 alkylamino,
di-(Cr C6)alkylamino, thiol, or C1-C6 alkylthio; provided that when each of
R4, R5 and R6 are H, C1-C6 alkyl, C2-C7 alkenyl, or C1-C6 alkoxy, then at
least one of R1 and R2 is halogen, C1-C6 alkyl, C2-C7 alkenyl, or C1-C6
alkoxy;provided that at least one of R4 and R6 is other than H; or a
N-oxide thereof; or Formula VIII: VIII 



wherein: Q has the structure i , ii or iii: R1, R4, R5, R6 R7, Rr, R and Rn
are each independently selected from the group consisting of hydrogen,
C1-C6 alkyl, -OR2O, halogen, -CF3, -CF2CF3, -CH2CF3, -SR20, NR20R2 1 , -CN,
-CH2CN, -CH2CH2CN, -CH=CHCN, -NO2, -CH2NO2, -CH2CH2NO2, -CH=CHNO2 and -COR
20; n = Oor 1; each R20 and R2 1 is independently selected from the group
consisting of hydrogen, C1-C6 alkyl, -CF3, benzyl, -CO2(C1-C6 alkyl) and
-CO(C 1-C6 alkyl); provided that: a) one of R2 or R3 must be -OR 20; b) one
of R9 or R10 must be -OR 20; c) when R2 is -OR 20, then R1 and R3 are
selected independently from the group consisting of hydrogen, halogen,
C1-C6 alkyl, -CF3, -CF2CF3, -CH2CF3, -SR20, -CN, -CH2CN, -CH2CH2CN,
-CH=CHCN, -NO2, -CH2NO2, -CH2CH2NO2, -CH=CHNO2 and -COR 20;d) when R3 is
-OR 2O, then R2 and R4 are selected independently from the group consisting
of hydrogen, C1-C6 alkyl, halogen, -CF 3, -CF2CF3, -CH2CF3, -SR20, -CN,
-CH2CN, -CH2CH2CN, -CH=CHCN, -NO2, -CH2NO2, -CH2CH2NO2, -CH=CHNO2 and -COR
20 ; e) when R9 is -OR 20, then R8 and R10 are selected independently from
the group consisting of hydrogen, Ci-C 6 alkyl, halogen, -CF 3, -CF2CF3,
-CH2CF3, -SR20 , -CN, -CH2CN, -CH2CH2CN, -CH=CHCN, -NO2, -CH2NO2,
-CH2CH2NO2, -CH=CHNO 2 and -COR 20 ; f) when R10 is -OR 20 , then R9 and Rn
are selected independently from the group consisting of hydrogen, C1-C6
alkyl, halogen, -CF3, -CF2CF3, -CH2CF3, -SR20 , -CN, -CH2CN, -CH2CH2CN,
-CH=CHCN, -NO2, -CH2NO2, -CH2CH2NO2, -CH=CHNO 2 and -COR 20; and g) when Q
has the structure iii, and R7, R7, R8, R9, R1 1 are each H, and n = O, then
R10 is not OR20, or a pharmaceutically acceptable salt or prodrug thereof;
or Formula IX: IX wherein: Ri, R2 > R3, R5, R > R7. nd R8 are each,
independently, selected from hydrogen, hydroxyl, C1-C6 alkyl, C1-C6 alkoxy,
or halogen; R4 is hydrogen, C1-C6 alkyl, halogen, C1-C6 alkoxy, -CN, C2-C8
alkenyl, -CHO, aryl, furyl, thienyl, pyrimidinyl, or pyridinyl; provided
that at least one of R1- R8 is other than H; (wherein "Aryl," as used above
as a group or part of a group, refers to an optionally substituted aromatic
5- to 13- membered mono- or bi- carbocyclic ring such as phenyl or
naphthyl; and in someembodiments, phenyl moieties are optionally
substituted with d-C 6 alkyl, C2-C7 alkenyl, halogen, hydroxyl, C1-C6
alkoxy, -CN, -NO2, amino, C1-C6 alkylamino, dialkylamino of 1-6 carbon
atoms per alkyl group, thio, C1-C6 alkylthio, C1-C6 



alkylsulfinyl, C1-C6 alkylsulfonyl, C2-C7 alkoxycarbonyl, of 2-7 carbon
atoms, alkylcarbonyl of 2-7 carbon atoms, trifluoroalkxoy, benzylnitrile or
benzoyl); or a pharmaceutically acceptable salt or prodrug thereof; or of
Formula X: wherein: R1 and R2 are each, independently, selected from
hydrogen, hydroxyl, alkyl of 1-6 carbon atoms, alkenyl of 2-6 carbon atoms,
alkynyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, or halogen;
wherein the alkyl or alkenyl moieties of R1 or R2 may be optionally
substituted with hydroxyl, -CN, halogen, trifluoroalkyl, trifluoroalkoxy,
-NO2, or phenyl; and provided that at least one of R1 or R2 is hydroxyl;
R3, R4- R5, Rs, and R7 are each, independently, hydrogen, alkyl of 1-6
carbon atoms, halogen, alkoxy of 1-6 carbon atoms, -CN, alkenyl of 2-7
carbon atoms, alkynyl of 2-7 carbon atoms, -CHO, phenyl, or a 5 or
6-membered heterocyclic ring having 1 to 4 heteroatoms selected from O, N
or S; wherein the alkyl or alkenyl moieties of R4, R5, R6, or R7 may be
optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -NO2, or phenyl; wherein the phenyl moiety of R4 or R5 may
be optionally mono-, di-, or trisubstituted with alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, halogen, hydroxyl, alkoxy of 1-6 carbon atoms,
-CN, -NO2, amino, alkylaminoof 1-6 carbon atoms, dialkylamino of 1-6 carbon
atoms per alkyl group, thio, alkylthio of 1-6 carbon atoms, alkylsulfinyl
of 1-6 carbon atoms, alkylsulfonyl of 1-6 carbon atoms, alkoxycarbonyl of
2-7 carbon atoms, alkylcarbonyl of 2-7 carbon atoms, or benzoyl; or a
pharmaceutically acceptable salt or prodrug thereof. The preparation of ERb
selective ligands having Formula VII is described in U.S. Patent
Application Ser. No. 10/846,216 and PCT application, WO 04/103973. The
preparation of ERb selective ligands having Formula VIII is described in
U.S. Patent Application Ser. No. 60/584,516 filed JuI. 1, 2004. The
preparation of ERb selective ligands having Formula IX is disclosed in U.S.
Patent Application Ser. No. 60/547,967 and PCT application, WO 05/082880.
The preparation of ERb selective ligands having Formula X is disclosed in
U.S. Patent No. 6,723,747 and European Patent No. EP 1453820 B 1 . Each of
the foregoing patents and applications is incorporated herein by reference
in its entirety. In some embodiments of the methods disclosed herein, the
ERb selective ligand is substantially free of ERb antagonist activity. In
further embodiments, the methods disclosed herein are used to treat
Parkinson's disease. In some embodiments, the present invention provides
methods for ameliorating a symptom of Parkinson's disease. Examples of such
symptoms include but are not limited to poor balance, Parkinsonian gait,
bradykinesia, rigidity, tremor, speech changes, loss of facial expression,
micrographia, difficulty swallowing, drooling, pain, dementia or confusion,
sleep disturbances, constipation, skin problems, depression, fear, anxiety,
memory difficulties, slowed thinking, sexual 



dysfunction, urinary problems, fatigue, aching, and loss of energy. In a
further aspect, the present invention provides methods for the amelioration
of a symptom of a cognitive disease or disorder. In some such embodiments,
the disease or disorder is schizophrenia, multiple sclerosis, depression,
stroke, Alzheimer's disease or anxiety. In some such embodiments, a patient
is identified as having a symptom of the cognitive disease or disorder, and
is administered a therapeutically effective amount of an ERb selective
ligand, or apharmaceutically acceptable salt or prodrug thereof, wherein
the ERb selective ligand is substantially free of ERb antagonist activity.
In some embodiments, the ERb selective ligand has one of the formulas I-X
as described above. In some embodiments, the invention provides methods for
ameliorating a symptom of schizophrenia. In some such embodiments, the
symptoms of schizophrenia being treated can be positive symptoms, negative
symptoms and/or cognitive symptoms. Examples of positive symptoms of
schizophrenia include, but are not limited to, hallucinations, delusions
and/or paranoia. Examples of negative symptoms of schizophrenia include,
but are not limited to, social withdrawal, flat affect, anhedonia and/or
decreased motivation. In still further embodiments of the methods of the
invention, the symptom of schizophrenia is a cognitive symptom. Examples of
such cognitive symptoms include, but are not limited to, severe deficit in
attention, object naming, working memory, long-term memory storage or
executive functioning, a slowing of information processing or neural
activity, or long term depression. In some embodiments, the invention
provides methods for ameliorating a symptom of multiple sclerosis. Examples
of such symptoms include, but are not limited to, optic neuritis blurred
vision, eye pain, loss of color vision, blindness, diplopia double vision,
nystagmus jerky eye movements, ocular dysmetria constant under- or
over-shooting eye movements, intemuclear ophthalmoplegia, nystagmus,
diplopia, movement and sound phosphenes, nystagmus, diplopia, afferent
pupillary defect, motor paresis, monoparesis, paraparesis, hemiparesis,
quadraparesis plegia, paraplegia, hemiplegia, tetraplegia, quadraplegia,
spasticity, dysarthria, muscle atrophy, spasms, cramps, hypotonia, clonus,
myoclonus, myokymia, restless leg syndrome, footdrop dysfunctional reflexes
(babinski's, hoffman's, chaddock's), paraesthesia, anaesthesia, neuralgia,
neuropathic and neurogenic pain, I'hermitte's, proprioceptive dysfunction,
trigeminal neuralgia, ataxia, intention tremor, dysmetria, vestibular
ataxia, vertigo, speech ataxia, dystonia, dysdiadochokinesia, frequent
micturation, bladder spasticity, flaccid bladder, detrusor-sphincter
dyssynergia, erectile dysfunction, anorgasmy, retrograde ejaculation,
frigidity, constipation, fecal urgency, depression, cognitive dysfunction,
dementia, mood swings, emotionallability, euphoria, bipolar syndrome,
anxiety, aphasia, dysphasia, fatigue, uhthoffs symptom, gastroesophageal
reflux and/or sleeping disorders. In some embodiments, the present
invention provides methods for ameliorating a symptom of depression.
Examples of such symptoms include, but are not limited to, depressed
feeling or mood, loss of interest or pleasure in some or all activities,
changes in appetite, weight or sleep patterns, lack of energy, fatigue, low



self esteem, diminished capacity for thinking, concentration, or
decisiveness, feelings of hopelessness or worthlessness, psychomotor
agitation or retardation, selfreproach, inappropriate guilt, frequent
thoughts of death or suicide, plans and/or attempts to commit suicide. In
some embodiments, the present invention provides methods for ameliorating a
symptom of Alzheimer's disease. Examples of such symptoms include, but are
not limited to, impairment in memory, attention, judgment, decisionmaking,
orientation to physical surroundings, language, speed-dependent activities,
abstract reasoning, visuospatial abilities, executive functioning, and
behavioral disturbances, disinterest and passivity, apathy, inappropriate
dressing, poor self care, agitation, violent outbursts, aggression,
depression, anxiety, hallucinations, delusions, changes in personality and
mood changes, and dementia. In some embodiments, the present invention
provides methods for ameliorating a symptom of anxiety. Examples of such
symptoms include, but are not limited to, feelings of apprehension and
fear, which are accompanied by physical symptoms that may reflect a
category of anxiety disorder. For example, symptoms of Generalized Anxiety
Disorder (GAD) include, e.g., trembling, muscle aches, insomnia, abdominal
upsets, dizziness and irritability. Obsessive-Compulsive Disorder (OCD) is
symptomized by, e.g., persistent, recurring thoughts (obsessions), which
may lead the individual to perform ritual or routine behavior
(compulsions). Panic Disorder symptoms include, e.g., heart palpitations,
chest pain, chest discomfort, sweating, trembling, tingling sensations,
feeling of choking, fear of losing control, fear of dying, and feelings of
unreality. Three main symptoms are associated with Post-Traumatic Stress
Disorder (PTSD), which are (1) "reliving" the traumaticevent, such as
flashbacks, nightmares, intrusive thoughts and recollections, (2) avoidance
behaviors and emotional numbing, and (3) hypersensitivity such as an
inability to sleep, anxious feelings, overactive startle response,
hypervigilance, irritability and outbursts of anger. Physical symptoms of
Social Anxiety Disorder include, e.g., heart palpitations, faintness,
blushing and profuse sweating. In some embodiments, the present invention
provides methods for ameliorating a symptom of stroke. Examples of
traditional symptoms include, e.g., hemiparesis, vertigo, numbness,
aphasia, dysarthria, dysphasia, facial drooping, loss of balance or
coordination, inability to walk, changes in sensation and vision problems.
Nontraditional symptoms include, e.g., headache, facial pain, limb pain,
disorientation and change in consciousness, chest pain, shortness of
breath, palpitations and neurologic symptoms such as hiccups, nausea and
general weakness. In some embodiments of each of the foregoing, the methods
comprise identifying a patient suffering from a symptom of the disease or
disorder, and administering a therapeutically effective amount of an ERb
selective ligand, or a pharmaceutically acceptable salt or prodrug thereof,
wherein the ERb selective ligand is substantially free of ERb antagonist
activity. In some embodiments, an ERb selective ligand which is
substantially free of 



ERb antagonist activity is used in the preparation of a medicament for
treating Parkinson's disease in a patient identified as having said
disease. In some embodiements, an ERb selective ligand which is
substantially free of ERb antagonist activity is used in the preparation of
a medicament for ameliorating a symptom of Parkinson's disease in a patient
identified as having said disease and having said symptom thereof. In some
embodiments, an ERb selective ligand which is substantially free of ERb
antagonist activity is used in the preparation of a medicament for
ameliorating a symptom of a cognitive disease or disorder in a patient
identified as having said disease and having said symptom thereof; wherein
said disease or disorder is selected from multiple sclerosis, depression,
schizophrenia, stroke, Alzheimer's disease or anxiety.As used herein, the
term "substantially free of antagonist activity" means that the ERb
selective ligand when co-administered with estradiol has at least greater
than or equal to 65 percent, preferably at least about >70 percent, more
preferably at least about >80 percent, and most preferably at least > 90
percent the activity seen when estradiol is administered alone as
determined by a cell-based transcriptional assay (Harris H et al., 2001
Endocrinology 142(2): 645-652, Yang C et al., 2004 Bioorganic & Medicinal
Chemistry 12:2553-2570) or that helix 12 of the ERb selective ligand is in
the closed agonist confirmation as determined by an x-ray co-crystal of the
compound with ERb ligand binding domain (Malamas MS et al., 2004 J. Med.
Chem. 47(21): 5021-5040). Pharmaceutically acceptable salts can be formed
from organic and inorganic acids, for example, acetic, propionic, lactic,
citric, tartaric, succinic, fumaric, maleic, malonic, mandelic, malic,
phthalic, hydrochloric, hydrobromic, phosphoric, nitric, sulfuric,
methanesulfonic, naphthalenesulfonic, benzenesulfonic, toluenesulfonic,
camphorsulfonic, and similarly known acceptable aids when a compound of
this invention contains a basic moiety. Salts may also be formed from
organic and inorganic bases, such as alkali metal salts (for example,
sodium, lithium, or potassium) alkaline earth metal salts, ammonium salts,
alkylammonium salts containing 1-6 carbon atoms or dialkylammonium salts
containing 1-6 carbon atoms in each alkyl group, and trialkylammonium salts
containing 1-6 carbon atoms in each alkyl group, when a compound of this
invention contains an acidic moiety. The terms alkyl, alkenyl, and alkynyl
include both branched and straight chain moieties. Examples include methyl,
ethyl, propyl, butyl, isopropyl, sec-butyl, tertbutyl, vinyl, allyl,
acetylene, 1-methyl vinyl, and the like. When alkyl or alkenyl moieties are
substituted, they may typically be mono-, di-, tri- or persubstituted.
Examples for a halogen substituent include 1-bromo vinyl, 1-fluoro vinyl,
1,2-difluoro vinyl, 2,2-difluorovinyl, 1,2,2-trifluorovinyl, 1,2-dibromo
ethane, 1,2 difluoro ethane, 1- fluoro-2-bromo ethane, CF2CF3, CF2CF2CF3,
and the like. The term halogen includes bromine, chlorine, fluorine, and
iodine. The term aryl means phenyl, 1-naphthyl, or 2- naphthyl. Preferred
5-6 membered heterocyclic rings include furan, thiophene,pyrrole,
isopyrrole, pyrazole, imidazole, triazole, dithiole, oxathiole, isoxazole,
oxazole, thiazole, isothiazolem oxadiazole, furazan, oxatriazole,
dioxazole, oxathiazole, tetrazole, pyran, pyridine, pyridazine, pyrimidine,
pyrazine, triazine, 



oxazine, oxathiazine, or oxadiazine. It is more preferred that the
heterocyclic ring is furan, thiophene, or thiazole. As used in accordance
with this invention, the term "treatment" or "treating" means curing,
ameliorating or reversing the progress of a disease or disorder, or
ameliorating or reversing one or more symptoms or side effects of such
disease or disorder. As used in accordance with this invention, the term
"administering" means either directly administering the ERb selective
agonists, or administering a prodrug, derivative, or analog of the ERb
selective agonist that will form an effective amount of the ERb selective
agonist within the CNS. As used in accordance with this invention, the term
"ERb selective ligand" means that the binding affinity (as measured by
IC50, where the IC50 of 17b-estradiol is not more than 3 fold different
between ERa and ERb) of the ligand to ERb is at least about 10 times
greater than its binding affinity to ERa in a standard pharmacological test
procedure that measures the binding affinities to ERa and ERb. It is
preferred that the ERb selective ligand will have a binding affinity to ERb
that is at least about 20 times greater than its binding affinity to ERa.
It is more preferred that the ERb selective ligand will have a binding
affinity to ERb that is at least about 50 times greater than its binding
affinity to ERa. When administered for the treatment or inhibition of a
particular disease state or disorder, it is understood that the effective
dosage may vary depending upon the particular ERb agonist utilized, the
mode of administration, the condition being treated, and severity thereof,
as well as the various physical factors related to the individual being
treated. Effective administration of the ERb selective ligand of this
invention may be in any of a variety of dosage regimes such as single
dosage, multiple dosage, and delay or time release dosage forms. The
projected dailydosages are expected to vary with route of administration.
The selection of the appropriate administration and dosage forms for an
individual patient will be apparent to those skilled in the art. Such doses
may be administered in any manner useful in directing the active ERb
agonists herein to the recipient's bloodstream, including orally, via
implants, parentally (including intravenous, intraperitoneal,
intraarticularly and subcutaneous injections), rectally, intranasally,
topically, ocularly (via eye drops), vaginally, and transdermally. Oral
formulations containing the active ERb agonists of this invention may
comprise any conventionally used oral forms, including tablets, capsules,
buccal forms, troches, lozenges and oral liquids, suspensions or solutions.
Capsules may contain mixtures of the active compound(s) with inert fillers
and/or diluents such as the pharmaceutically acceptable starches (e.g.,
corn, potato or tapioca starch), sugars, artificial sweetening agents,
powdered celluloses, such as crystalline and microcrystalline celluloses,
flours, gelatins, gums, etc. Useful tablet formulations may be made by
conventional compression, wet granulation or dry granulation methods and
utilize pharmaceutically acceptable diluents, binding agents, lubricants, 



disintegrants, surface modifying agents (including surfactants), suspending
or stabilizing agents, including, but not limited to, magnesium stearate,
stearic acid, talc, sodium lauryl sulfate, microcrystalline cellulose,
carboxymethylcellulose calcium, polyvinylpyrrolidone, gelatin, alginic
acid, acacia gum, xanthan gum, sodium citrate, complex silicates, calcium
carbonate, glycine, dextrin, sucrose, sorbitol, dicalcium phosphate,
calcium sulfate, lactose, kaolin, mannitol, sodium chloride, talc, dry
starches and powdered sugar. Preferred surface modifying agents include
nonionic and anionic surface modifying agents. Representative examples of
surface modifying agents include, but are not limited to, poloxamer 188,
benzalkonium chloride, calcium stearate, cetostearyl alcohol, cetomacrogol
emulsifying wax, sorbitan esters, colloidol silicon dioxide, phosphates,
sodium dodecylsulfate, magnesium aluminum silicate, and triethanolamine.
Oral formulations herein may utilize standard delay or time release
formulations to alter the absorption of the active compound(s). The oral
formulation may also consist of administering the activeingredient in water
or a fruit juice, containing appropriate solubilizers or emulsifiers as
needed. In some cases it may be desirable to administer the compounds
directly to the airways in the form of an aerosol. The compounds of this
invention may also be administered parenterally (i.e., subcutaneously,
intravenously, intramuscularly) or intraperitoneally. Solutions or
suspensions of these active ERb agonists as a free base or
pharmacologically acceptable salt can be prepared in water suitably mixed
with a surfactant such as hydroxy-propylcellulose. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols and mixtures thereof in
oils. Under ordinary conditions of storage and use, these preparations
contain a preservative to inhibit the growth of microorganisms. The
pharmaceutical forms suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. In all cases,
the form must be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (e.g.,
glycerol, propylene glycol and liquid polyethylene glycol), suitable
mixtures thereof, and vegetable oils. For the purposes of this disclosure,
transdermal administrations are understood to include all administrations
across the surface of the body and the inner linings of bodily passages
including epithelial and mucosal tissues. Such administrations may be
carried out using the present compounds, or pharmaceutically acceptable
salts thereof, in lotions, creams, foams, patches, suspensions, solutions,
and suppositories (rectal and vaginal).Transdermal administration may be
accomplished through the use of a transdermal patch containing the active
compound and a carrier that is inert to the active compound, is non-toxic
to the skin, and allows delivery of the agent for 



systemic absorption into the blood stream via the skin. The carrier may
take any number of forms such as creams and ointments, pastes, gels, and
occlusive devices. The creams and ointments may be viscous liquid or
semisolid emulsions of either the oil-in-water or water-in-oil type. Pastes
comprised of absorptive powders dispersed in petroleum or hydrophilic
petroleum containing the active ingredient may also be suitable. A variety
of occlusive devices may be used to release the active ERb agonist into the
blood stream such as a semi-permeable membrane covering a reservoir
containing the active ingredient with or without a carrier, or a matrix
containing the active ingredient. Other occlusive devices are known in the
literature. Suppository formulations may be made from traditional
materials, including cocoa butter, with or without the addition of waxes to
alter the suppository's melting point, and glycerin. Water soluble
suppository bases, such as polyethylene glycols of various molecular
weights, may also be used. Response by patients with schizophrenia,
Parkinson disease, multiple sclerosis, cognitive deficiencies and other
brain, memory, learning and cognitive disorders can generally be determined
by standard test procedures within the skill of those in the art. The
following examples are merely illustrative of the present invention and
should not be considered limiting of the scope of the invention in any way.
These examples and equivalents thereof will become more apparent to those
skilled in the art in light of the present disclosure and the accompanying
claims. EXAMPLES Patients can be evaluated for cognitive diseases or
disorders by any of the tests known in the art. Preclinical^, animals can
be evaluated for blockade/attenuation of symptoms associated with
schizophrenia. Positivesymptoms in animal models of schizophrenia can be
evaluated by measuring changes in the overall level of activity of dopamine
(DA) activity with concomitant parallel changes in locomotor activity
(Depoortere R et al., 2003 Neuropsychopharmacology 28(1 1):1889-902),
D-amphetamine (AMPH) and phencyclidine (PCP) via induction of model
psychosis or locomotor hyperactivity (Freed WJ et al., 1984
Neuropharmacology 23(2A): 175-81; Sams-Dodd, F. 1998
Neuropsychopharmacology 19(1): 18-25). For example, Depoortere et al. have
described tests for evaluating locomotor activity, catalepsy, climbing and
stereotypy, which relate to positive symptomology and side effect profile,
by characterizing compounds with typical and atypical antipsychotic
efficacy (2003). Attenuation in apomorphine-induced climbing, stereotypy
and catalepsy (AIC) can be evaluated as described by Fung YK et al. 1986
Pharmacol Biochem Behav. 1986 24(1 ):1 39-41 and Fung, et al., 1987
Steroids 49(4-5):287-94. Additionally, negative symptoms of schizophrenia
can be evaluated by measuring social interaction under the influence of
NMDA antagonists such as PCP (Sams-Dodd F 1998). Cognitive symptoms of
memory, including those from Alzheimer's disease and stroke, can be
evaluated by such models as the Fear Conditioning Paradigm (Gould TJ et
al., 2002 Behav Pharmacol. 13(4):287-94; Hamm AO et al., 2003 Brain 



126(Pt 2):267-75) and Radial Arm Test (Aggleton JP et al., 1996 Behav Brain
Res. 19(2):1 33-46), while spatial reference memory and learning can be
evaluated in the Morris watermaze (Bontempi B et al., 1996 Eur J Neurosci.
8(11):2348-60). Additionally, memory and hippocampal hypo-functioning can
be assessed by measuring the restoration of synaptic plasticity in
ovariectomized (OVX) female rats. (Day and Good, 2005 Jan., Neurobiol Learn
Mem., 83(1): 13-21). Further, changes in attention function because of
schizophrenia can be examined by the five (5) Choice Serial Reaction Time
Test (5CS RT) (see Muir JL, et al., 1995 Psychopharmacology (Bed) 118(1):
82-92; Robbins et al., 1998 Ann N Y Acad Sci. 846:222-37). Further for
stroke, the Tamura model is one of the best-characterized focal ischemia
models whereby the middle cerebral artery is occluded by electro
coagulation. Also the Johnson and McCarty model, the spontaneously
hypertensiverat (SHR), and the newer endothelin-1 model may be used for
evaluating stroke (Johnson MP, McCarty DR et al., 1998 Life Sci.
63(4):241-53; Sharkey J and Butcher SP 1995 J Neurosci Methods
60(1-2):125-31). In the examination of ERb agonists for stroke, the
following models may be use: (1) MCOA using stereotaxic infusion of Et-1 ,
(2) horizontal and inclined balance beam to assess sensorimotor performance
after Et-1 MCAO (Petullo D et al., 1999 Life Sci 64(13): 1099-108; Lecci A
et al., 1990 Neuropeptides 16(1): 21-4) (3) staircase test to measure
skilled paw use after Et-1 MCAO (Marston HM et al., 1995 Neuroreport 6(7):1
067-71), (4) Tamura model of MCAO to test neuroprotective agents, and (5)
spontaneously hypertensive rat model of MCAO to test neuroprotective agents
(Dawson DA and D Martin et a/., 1996 Neurosci Lett 218(1):41-4; Ohtani KH
et al., 2003 Neurochem lnt 42(5):375-84). An assessment of depression can
be measured using the learned helplessness model (Haracz JL et a/., 1988
Biol Psychiatry 23(4):388-96; Shors TJ and Leuner B 2003 J Affect Disord
74(1 ):85-96) and the forced swim test (WaIf AA et a/., 2002 Pharmacol
Biochem Behav 78(3):523-9). Depression and anxiety can both be evaluated by
tail suspension-induced disuse atrophy in ovariectomized rats (Ohmori S et
a/., 2001 Environ Med 45(1):12-4). Further, anxiety may be assessed by the
following tests: (1) the Geller-Seifter conflict test (Babbini M et a/.,
1982 Pharmacol Biochem Behav 17(1): 43-8; Shimizu H et al., 1992 Jpn J
Pharmacol 58(3): 283-9), (2) social interaction (Gonzalez LE et al., 1998
Pharmacol Biochem Behav 59(4): 787-92), (3) light/dark exploration (Holmes
A et al., 2001 Behav Brain Res 122(2): 159-67), (4) elevated plus-maze
(Andreatini R and LF Bacellar 1999 Braz J Med Biol Res 32(9): 1121-6), (5)
defensive burying (Overmier JB et al., 1994 Biol Psychiatry 36(10): 703-4),
and (6) the thirsty rat conflict (Mendelson WB et al., 1983 Life Sci
32(19): 2241-6; Overton DA et al., 1993 Psychopharmacology (Berl) 112(2-3):
270-6). Parkinson's disease can be assessed by measuring the neurotoxicity
of MPTP in rats (Lee EH et al., 1992 Chin J Physiol 35(4):317-36). Also
experimentally induced striatal DA depletion in animals is a valid model of
Parkinsonism (Schultz W 1982 Prog Neurohiol 18(2-3): 121-66). The capacity
of certain substances to damagecatecholaminergic neurons has been used
extensively to produce DA deficiency in 



animals (Annett LE etal., 1994 Exp Neurol 125(2): 228-46). Multiple
sclerosis can be evaluated by the experimental autoimmune encephalomyelitis
(EAE) model (Liu HY et al., 2002 J Neurosci Res 70(2): 238-48). Each of the
foregoing publications are incorporated herein by reference in their
entirety. EXAMPLE 1 EVALUATION OF POSITIVE SYMPTOMOLOGY OF SCHIZOPHRENIA:
PHARMACOLOGICALLY INDUCED LOCOMOTOR ACTIVITY (LMA), CATALEPSY, APOMORPHINE
INDUCED CLIMBING (AIC) AND STEREOTYPY Male C56/BL6 mice were pretreated
with estradiol benzoate 0.1, 0.3 and 1mg/kg and an estrogen beta agonist,
7-bromo-2-(4-hydroxyphenyl)-1, 3-benzoxazol- 5-ol for three (3) consecutive
days, and then evaluated for locomotor activity, catalepsy, AIC and
stereotypy. Estradiol benzoate attenuated AIC at 24 and 48 hours
(approximately 55%), while the estrogen beta agonist, 7-bromo-2-(4-
hydroxyphenyl)-1 , 3-benzoxazol-5-ol, outperformed estradiol benzoate by
inducing a sixty percent (60%) blockade of AIC in the male mice. Results of
the study are shown in Figure 1. It can be seen that ERb agonists
effectively treat the pharmaceutically induced positive symptoms associated
with schizophrenia. EXAMPLE 2 EVALUATION OF THE ESTROGEN BETA FEMALE KNOCK
OUT (BERKO) MICE ON PHENCYCLIDINE (PCP) LOCOMOTOR ACTIVITY (LMA) Animals
were treated for five (5) days with PCP. Following this period, the animals
were given a 4 day withdrawal period. One group received 0.3mg/kg estradiol
benzoate on day 5. All subjects were then given a sub-effective dose of PCP
that has been shown to increase locomotor activity during PCP withdrawal.
In this study it was found that estradiol benzoate at the 0.3mg/kg dose
successfully blocked the effect of PCP induced LMA in the bERKO female
mice. Thus, the classicestrogen agonist, estradiol benzoate, effectively
blocks the effects of PCP on LMA, with other ERb agonists likely to behave
similarly. EXAMPLE 3 EVALUATION OF THE ESTROGEN BETA FEMALE KNOCK OUT
(BERKO) MICE ON CONTEXTUAL FEAR CONDITIONING Using basic Pavlovian
conditioning, rodents female bERKO knockout and wildtype mice were exposed
to an operant chamber (context) and received a 0.5 mA shock (Gould TJ,
McCarty MM et a/., 2002 Behav Pharmacol. 13(4):287-94). The rodents readily
learned that the shock is predicted on context, such that when they are
placed back in the operant chamber at a later date, they show the fear
response that was originally observed in the presence of the shock. As
shown in Figure 2 , it was found that the bERKO mice had a deficit for
hippocampal, but not amygdala, dependent memory. EXAMPLE 4 EVALUATION OF
WORKING MEMORY BY THE SPATIAL REFERENCE MEMORY (RADIAL ARM MAZE) TEST 



Female rats were habituated to a water deprivation schedule and to the
radial maze for at least one week prior to acquisition. The rats were
ovariectomized six to eight (6-8) weeks before testing. Subjects were then
treated with either estradiol benzoate (0.02mg/kg), the ERb agonist,
7-bromo-2-(4-hydroxyphenyl)-1, 3- benzoxazol-5-ol, or an ERa agonist.
Estradiol benzoate was administered in oil s.c for two (2) days, while the
7-bromo-2-(4-hydroxyphenyl)-1 , 3-benzoxazol-5-ol and the ERa agonist were
administered for six (6) days at 10 mg/kg. Then the rats were run through
the acquisition phase of the win-shift task. The results showed that the
memory of vehicle treated rats was lost after more than thirty (> 30)
seconds in the test, while both the estradiol benzoate and
7-bromo-2-(4-hydroxyphenyl)-1 , 3- benzoxazol-5-ol treated rats
demonstrated improved working memory in the test. These data indicate that
ERb agonism and not ERa agonism mimic the cognitiveenhancing properties of
estradiol benzoate. Thus, both estradiol benzoate and ERb agonists augment
cognition. EXAMPLE 5 EVALUATION OF ERB AGONISTS ON SYNAPTIC PLASTICITY In
Experiment 1, ovariectomy carried out either five (5) days or five (5)
weeks before testing impaired the induction of long-term depression (LTD),
but not longterm potentiation (LTP). In Experiment 2, chronic estrogen
replacement (0.2ml 10 mg injection of 17 b-estradiol every 48 hours) over
the course of five (5) weeks enhanced the magnitude of paired-pulse induced
LTD in the CA1 region, but had no effect on the induction of LTP. The
results demonstrate that acute and chronic estrogen deprivation disrupted
dynamic synaptic plasticity processes in the hippocampal CA1 region and
that this disruption was ameliorated by chronic estrogen replacement. The
findings are discussed with reference to (1) the contribution of Ca2+
regulated synaptic signaling pathways in the CA1 region to estradiol
modulation of LTP and LTD and (2) the potential functional significance of
ovariectomy-induced changes in synaptic plasticity for learning and memory
processes. A restoration of plasticity in ovariectomized rats with an ERb
agonist on restoration of long-term depression would demonstrate that the
compound is active on cellular models of memory and hippocampal
hypofunctioning, and thus learning and memory. Restoration of impaired
synaptic plasticity of ovariectomized female rats following estrogen
treatment can be evaluated by the protocol used by Day and Good, 2005 Jan.,
Neurobiol Learn Mem., 83(1): 13-21. EXAMPLE 6 EVALUATION OF ERb AGONISTS ON
ATTENTION FUNCTION BY THE FIVE CHOICE SERIAL REACTION TIME TEST The
Continuous Performance Test (CPT) measures attention in humans. The CPT has
been widely used in clinical research and has been demonstrated to be
sensitive in detecting attention deficits across several disorders such as
mildcognitive impairment, schizophrenia, Alzheimer's disease and
Attention-Deficit Hyperactivity Disorder (ADHD). In ADHD, the CPT test has
been used to assay attention processes such as vigilance and response
control. ADHD children under such test conditions show over all lower
performance as measured by increased 



impulsive and incorrect responding. The now well-established 5-choice
serial reaction time (5CSRT) task is a useful pre-clinical tool to
differentiate and characterize the effects of potential therapies on
attentional function. The basic requirements of the 5CSRT test are similar
to the CPT; the animal has to visually scan a set of 5 openings in one of
which a light will flash for a brief period of time (e.g., 500 m/second). A
nose-poke in the illuminated port is a correct response and is reinforced
by the delivery of a food pellet to the magazine. An incorrect nose-poke is
followed by a period of darkness. Generally rats receive up to 100 trials
in a 30- minute period. Like its clinical counterpart, the CPT, several
measures can be taken from the 5CSRT, including attention, executive
functioning, impulsivity and hyperactivity. The performance of the rats can
be delineated into different measures. For example, measures reflecting
attention include: the number of correct trials, percent correct and missed
trials. Premature responding is a measure of impulsivity while correct
latency and magazine latency can indicate changes in activity and
motivation. Manipulations of testing parameters in the 5CSRT can be used to
alter levels of impulsivity and attention in order to allow for assessment
of various pharmacological agents. Impulsivity can be dramatically
increased, with a concomitant modest decrease in attention, by making the
schedule of stimuli presentations unpredictable (i.e., varying the interval
between trials in which the light stimulus is presented). Prior to drug
treatments, rats were trained to discriminate a brief visual stimulus
presented randomly in one of the 5 spatial locations. At the beginning of
each test session, the house light was illuminated and free delivery of a
single food pellet to the magazine was made. Trial initiation was triggered
when the rat opened the magazine to collect this pellet. After a fixed 5
seconds inter-trial interval (ITI), the light at the rear of one of the 5
openings was illuminated for 500 m/second. A nosepoke in this opening
during illumination and for 5 seconds afterwards was reinforced by the
delivery of a food pellet and a correct response was recorded. A response
ina non-illuminated opening during the signal period (incorrect response)
and failures to respond within the limited hold period (missed trial) were
followed by a period of darkness. Premature responses, those nose-pokes
into apertures prior to illumination, reset the ITI. Results: In this
experiment the ERB agonist increased attention (30mg/kg) after 3 days of
treatment. EXAMPLE 7 EVALUATION OF ERB AGONISTS ON WORKING AND EPISODIC
MEMORY BY THE WATERMAZE TEST Use of this standard behavioral test for
spatial reference memory following treatment with an ERb agonist can
evaluate working and episodic memory, and thus the effective activity of
the compound on neurocognitive deficits. EXAMPLE 8 EVALUATION OF ERb
AGONISTS ON NOVEL OBJECT RECOGNITION Novel Object Recognition is impaired
in several disorders of memory including Alzheimer's disease,
schizophrenia, mild cognitive impairment (MCI), 



stroke, amongst others. In rodents, norepinephrine is used extensively to
examine the effects of drugs on this form of memory. An ERb agonist,
7-bromo-2-(4- hydroxyphenyl)-1 , 3-benzoxazol-5-ol, was tested on this form
of memory. In the habituation stage (Day 1), the rats, male Long Evans are
habituated for 10 minutes each to an arena that contains 2 identical
objects (YY). On trial 1 (Day 2), the arena is set up with a different set
of identical objects (e.g., BB) and the animals are allowed to spend 5
minutes sniffing each objects. Thirty (30) minutes prior to T1, animals
were injected with 7-bromo-2-(4-hydroxyphenyl)-1 , 3-benzoxazol-5-ol.
Results: 7-bromo-2-(4-hydroxyphenyl)-1 , 3-benzoxazol-5-ol (0.5 mg/kg)
demonstrated that on Trial 2 (48 hours after Day 2) the amount of time
investigating the novel object versus the familiar object in Trial 2 is
significantly improved.EXAMPLE 9 EVALUATION OF ERb AGONISTS ON MILD
COGNITIVE IMPAIRMENT cAMP-response-element-binding protein (CREB) is
expressed in all cells in the brain and is a member of a family of proteins
that function as transcription factors. CREB has been shown to be involved
in processes such as the induction of longterm potentiation or depression
of synaptic strength, the growth and formation of new synaptic connections,
and protein synthesis-dependent processes involved in the retrieval and
consolidation of memory. Aged animals show marked decreases in CREB
activation and memory; and this decline in cognition in aged rats is a
useful model of mild cognitive impairment seen in humans. As such, an ERb
agonist, 7- bromo-2-(4-hydroxyphenyl)-1, 3-benzoxazol-5-ol, was tested on
this form of recognition memory. Twenty (20) aged rats received
7-bromo-2-(4-hydroxyphenyl)- 1, 3-benzoxazol-5-ol at 1 mg/kg or vehicle 30
minutes prior to testing in the Novel Object Recognition (NOR) method (same
protocol as Example 8). The older aged rats (15 months) had significantly
lower CREB and memory levels (as tested in the NOR method) compared to
young 3 month-old control rats. Results: A single injection of the
7-bromo-2-(4-hydroxyphenyl)-1, 3-benzoxazol-5-ol restored the CREB levels
and increased memory in these aged rats compared to those of young 3 month
old rats. Those skilled in the art will recognize that various changes
and/or modifications may be made to aspects or embodiments of this
invention and that such changes and/or modifications may be made without
departing from the spirit of this invention. Therefore it is intended that
the appended claims cover all such equivalent variations as will fall
within the spirit and scope of this invention. Each reference cited in the
present application, including literature references, books, patents and
patent applications, is incorporated herein by reference in its entirety.
The present invention claims benefit of priority from provisional U.S.
Patent Application Serial No. 60/637,144 filed December 17, 2004, which is
incorporated herein by reference in its entirety.What is claimed is: 1. A
method for treating Parkinson's disease comprising the steps of: a)
identifying a patient having said disease; and b) administering to said
patient a therapeutically effective amount of 



an ERb selective ligand, wherein said ERb selective ligand is substantially
free of ERb antagonist activity. 2. A method for ameliorating a symptom of
Parkinson's disease comprising the steps of: a) identifying a patient
having said disease and having said symptom thereof; and b) administering
to said patient a therapeutically effective amount of an ERb selective
ligand, wherein said ERb selective ligand is substantially free of ERb
antagonist activity. 3. The method of claim 2 wherein the symptom of
Parkinson's disease is selected from the group consisting of poor balance,
Parkinsonian gait, bradykinesia, rigidity, tremor, speech changes, loss of
facial expression, micrographia, difficulty swallowing, drooling, pain,
dementia or confusion, sleep disturbances, constipation, skin problems,
depression, fear, anxiety, memory difficulties, and slowed thinking, sexual
dysfunction, urinary problems, fatigue, aching, and loss of energy. 4. A
method for ameliorating a symptom of a cognitive disease or disorder
comprising the steps of: a) identifying a patient having said cognitive
disease or disorder and having said symptom thereof; and b) administering
to said patient a therapeutically effective amount of an ERb selective
ligand, wherein said ERb selective ligand is substantially free of ERb
antagonist activity; and wherein said disease or disorder is selected from
multiple sclerosis, depression, schizophrenia, stroke, Alzheimer's disease
or anxiety.5. The method of claim 4 wherein said disease or disorder is
schizophrenia. 6. The method of claim 5 wherein said symptom of
schizophrenia is selected from the group consisting of positive, negative,
cognitive symptoms. 7 . The method of claim 6 wherein said symptom of
schizophrenia is a positive symptom. 8. The method of claim 7 wherein said
positive symptom is hallucinations, delusions or paranoia. 9. The method of
claim 6 wherein said symptom of schizophrenia is a negative symptom. 10.
The method of claim 9 wherein said negative symptom is social withdrawal,
flat affect, anhedonia or decreased motivation. 11. The method of claim 6
wherein said symptom of schizophrenia is a cognitive symptom. 12. The
method of claim 11 wherein said cognitive symptom is a severe deficit in
attention, object naming, working memory, long-term memory storage or
executive functioning. 13. The method of claim 1 1 wherein said cognitive
symptom comprises long-term memory storage or executive functioning. 



14. The method of claim 11 wherein said cognitive symptom is a slowing of
information processing, neural activity or long term depression. 15. The
method of claim 4 wherein said disease or disorder is multiple
sclerosis.16. The method of claim 15 wherein said symptom of multiple
sclerosis is selected from the group consisting of optic neuritis blurred
vision, eye pain, loss of color vision, blindness, diplopia double vision,
nystagmus jerky eye movements, ocular dysmetria constant under- or
overshooting eye movements, intemuclear ophthalmoplegia, nystagmus,
diplopia, movement and sound phosphenes, nystagmus, diplopia, afferent
pupillary defect, motor paresis, monoparesis, paraparesis, hemiparesis,
quadraparesis plegia, paraplegia, hemiplegia, tetraplegia, quadraplegia,
spasticity, dysarthria, muscle atrophy, spasms, cramps, hypotonia, clonus,
myoclonus, myokymia, restless leg syndrome, footdrop dysfunctional reflexes
(msrs, babinski's, hoffman's, chaddock's), paraesthesia, anaesthesia,
neuralgia, neuropathic and neurogenic pain, I'hermitte's, proprioceptive
dysfunction, trigeminal neuralgia, ataxia, intention tremor, dysmetria,
vestibular ataxia, vertigo, speech ataxia, dystonia, dysdiadochokinesia,
frequent micturation, bladder spasticity, flaccid bladder,
detrusor-sphincter dyssynergia, erectile dysfunction, anorgasmy, retrograde
ejaculation, frigidity, constipation, fecal urgency, depression, cognitive
dysfunction, dementia, mood swings, emotional lability, euphoria, bipolar
syndrome, anxiety, aphasia, dysphasia, fatigue, uhthoff's symptom,
gastroesophageal reflux and sleeping disorders. 17. The method of claim 4
wherein said disease or disorder is depression. 18. The method of claim 17
wherein said symptom of depression is selected from depressed feeling or
mood, loss of interest or pleasure in some or all activities, changes in
appetite, weight or sleep patterns, lack of energy, fatigue, low self
esteem, diminished capacity for thinking, concentration, or decisiveness,
feelings of hopelessness or worthlessness, psychomotor agitation or
retardation, selfreproach, inappropriate guilt, frequent thoughts of death
or suicide, plans or attempts to commit suicide. 19. The method of claim 4
wherein the disease or disorder is Alzheimer's disease.20. The method of
claim 19 wherein the symptom of Alzheimer's disease is selected from the
group consisting of impairment in memory, attention, judgment,
decision-making, orientation to physical surroundings, language,
speed-dependent activities, abstract reasoning, visuospatial abilities,
executive functioning, and behavioral disturbances, disinterest and
passivity, apathy, inappropriate dressing, poor self care, agitation,
violent outbursts, aggression, depression, anxiety, hallucinations,
delusions, changes in personality and mood changes and dementia. 2 1. The
method of claim 4 wherein the disease or disorder is anxiety. 22. The
method of claim 2 1 wherein the symptom of anxiety is selected from the
group consisting of apprehension, fear, trembling, muscle aches, insomnia,
abdominal upsets, dizziness, irritability, persistent, recurring thoughts,
compulsions, heart palpitations, chest pain, chest discomfort, sweating,
tingling sensations, feeling 



of choking, fear of losing control, flashbacks, nightmares, intrusive
thoughts, intrusive recollections, avoidance behaviors, emotional numbing,
an inability to sleep, anxious feelings, overactive startle response,
hypervigilance, outbursts of anger, faintness, blushing and profuse
sweating. 23. The method of claim 4 wherein the disease or disorder is
stroke. 24. The method of claim 23 wherein the symptom of stroke is
selected from the group consisting of hemiparesis, vertigo, numbness,
aphasia, dysarthria, dysphasia, facial drooping, loss of balance or
coordination, inability to walk, changes in sensation, changes in vision,
headache, facial pain, limb pain, disorientation, change in consciousness,
chest pain, shortness of breath, palpitations, hiccups, nausea and general
weakness. 25. The method of any one of claims 1 to 24 wherein the ERb
selective ligand has the Formula I:wherein: R1 is hydrogen, hydroxyl,
halogen, alkyl of 1-6 carbon atoms, trifluoroalkyl of 1-6 carbon atoms,
cycloalkyl of 3-8 carbon atoms, alkoxy of 1-6 carbon atoms, trifluoroalkoxy
of 1-6 carbon atoms, thioalkyl of 1-6 carbon atoms, sulfoxoalkyl of 1-6
carbon atoms, sulfonoalkyl of 1-6 carbon atoms, aryl of 6-10 carbon atoms,
a 5 or 6-membered heterocyclic ring having 1 to 4 heteroatoms selected from
O, N or S, -NO2, -NR5R6, -N(R5)COR6, -CN, -CHFCN, -CF2CN, alkynyl of 2-7
carbon atoms, or alkenyl of 2-7 carbon atoms; wherein the alkyl or alkenyl
moieties are optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR5, -CO2R5, -NO2, CONR5R6, NR5R6 or
N(R5)COR 6; R2 and R2a are each, independently, hydrogen, hydroxyl,
halogen, alkyl of 1-6 carbon atoms, alkoxy of 1-4 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2- 7 carbon atoms, trifluoroalkyl of 1-6
carbon atoms, or trifluoroalkoxy of 1-6 carbon atoms; wherein the alkyl or
alkenyl moieties are optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR5, -CO2R5, - NO2, CONR 5R6, NR5R6 or
N(R5)COR6; R3, R3a, and R4 are each, independently, hydrogen, alkyl of 1-6
carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
halogen, alkoxy of 1-4 carbon atoms, trifluoroalkyl of 1-6 carbon atoms, or
trifluoroalkoxy of 1-6 carbon atoms; wherein the alkyl or alkenyl moieties
are optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -COR5, -CO2R5, - NO2, CONR 5R6, NR5R6 or N(R5)COR6; R5 or
R6 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, aryl of
6-10 carbon atoms; X is O, S, or N R7;R7 is hydrogen, alkyl of 1-6 carbon
atoms, aryl of 6-10 carbon atoms, -COR5, -CO2R5 or -SO2R5; or a
pharmaceutically acceptable salt or prodrug thereof. 26. The method of
claim 25 wherein the ERb selective ligand has the Formula II: 



wherein: R1 is alkenyl of 2-7 carbon atoms; wherein the alkenyl moiety is
optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -COR5, -CO2R5, - NO2, CONR5R6, NR5R6 or N(R5)COR6; R2 and
R2a are each, independently, hydrogen, hydroxyl, halogen, alkyl of 1-6
carbon atoms, alkoxy of 1-4 carbon atoms, alkenyl of 2-7 carbon atoms,
alkynyl of 2- 7 carbon atoms, trifluoroalkyl of 1-6 carbon atoms, or
trifluoroalkoxy of 1-6 carbon atoms; wherein the alkyl, alkenyl, or alkynyl
moieties are optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR5, - CO2R5, -NO2, CONR5R6, NR5R6 or
N(R5)COR6; R3, and R3a are each, independently, hydrogen, alkyl of 1-6
carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms,
halogen, alkoxy of 1-4 carbon atoms, trifluoroalkyl of 1-6 carbon atoms, or
trifluoroalkoxy of 1-6 carbon atoms; wherein the alkyl, alkenyl, or alkynyl
moieties are optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -COR5, - CO2R5, -NO2, CONR5R6, NR5R6 or
N(R5)COR6; R5 or R6 are each, independently, hydrogen, alkyl of 1-6 carbon
atoms, aryl of 6-10 carbon atoms; X is O, S, or N R7; R7 is hydrogen, alkyl
of 1-6 carbon atoms, aryl of 6-10 carbon atoms, -COR5, -CO2R5 or -SO2R5;or
a pharmaceutically acceptable salt or prodrug thereof. 27. The method of
claim 25 or claim 26 wherein X is O. 28. The method of any one of claims 25
to 27 wherein R1 is alkenyl of 2-3 carbon atoms, which is optionally
substituted with hydroxyl, -CN 1 halogen, trifluoroalkyl, trifluoroalkoxy,
-COR 5, -CO2R5, -NO2, CONR5R6, NR5R6 or N(R5)COR6. 29. The method of any
one of claims 1 to 24 wherein the ERb selective ligand is
2-(3-fluoro-4-hydroxyphenyl)-7-vinyl-1 ,3-benzoxazol-5-ol or a
pharmaceutically acceptable salt or prodrug thereof. 30. The method of any
one of claims 1 to 24 wherein the ERb selective ligand has the Formula III:
wherein: Ri >R2, R3, and R4 are each, independently, selected from
hydrogen, hydroxyl, alkyl of 1-6 carbon atoms, alkoxy of 1-6 carbon atoms,
or halogen; R5, Re, R7, Rs, R9, and R10 are each, independently, hydrogen,
alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, halogen, alkoxy of 1-6 carbon atoms, -CN, -CHO, phenyl, or a
5 or 6-membered heterocyclic ring having 1 to 4 heteroatoms selected from
O, N or S; wherein the alkyl or alkenyl moieties of R5, R6, R7, R8, R9, or
R10 may be optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -NO2, or phenyl; wherein the phenyl moiety
of R5, R6, R7, Rs, Rg, or R10 may beoptionally mono-, di-, or
tri-substituted with alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon
atoms, halogen, hydroxyl, alkoxy of 1-6 carbon atoms, -CN, - NO2, amino,
alkylamino of 1-6 carbon atoms, dialkylamino of 1-6 carbon 



atoms per alkyl group, thio, alkylthio of 1-6 carbon atoms, alkylsulfinyl
of 1-6 carbon atoms, alkylsulfonyl of 1-6 carbon atoms, alkoxycarbonyl of
2-7 carbon atoms, alkylcarbonyl of 2-7 carbon atoms, or benzoyl; wherein at
least one of R1, R2, R3, R4, R7, Rs, Rg, or R10 is hydroxyl, or a
pharmaceutically acceptable salt or prodrug thereof. 3 1. The method of
claim 30 wherein the ERb selective ligand has the Formula IV: wherein: R1
and R2 are each, independently, selected from hydrogen, hydroxyl, alkyl of
1-6 carbon atoms, alkenyl of 2-7 carbon atoms, and alkynyl of 2-7 carbon
atoms, alkoxy of 1-6 carbon atoms, or halogen; R5, Re, R7, Rs, or R9 are
each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7
carbon atoms, alkynyl of 2-7 carbon atoms, halogen, alkoxy of 1-6 carbon
atoms, -CN, -CHO, trifluoromethyl, phenylalkyl of 7-12 carbon atoms,
phenyl, or a 5 or 6-membered heterocyclic ring having 1 to 4 heteroatoms
selected from O, N or S; wherein the alkyl or alkenyl moieties of R5, Re,
R7, Rs, or R9 may be optionally substituted with hydroxyl, -CN, halogen,
trifluoroalkyl, trifluoroalkoxy, -NO2, or phenyl; wherein the phenyl moiety
of R5, R6, R7, R8, or R9 may be optionally mono-, di-, or tri-substituted
with alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms,
halogen,hydroxyl, alkoxy of 1-6 carbon atoms, -CN, -NO2, amino, alkylamino
of 1-6 carbon atoms, dialkylamino of 1-6 carbon atoms per alkyl group,
thio, alkylthio of 1-6 carbon atoms, alkylsulfinyl of 1-6 carbon atoms,
alkylsulfonyl of 1-6 carbon atoms, alkoxycarbonyl of 2-7 carbon atoms,
alkylcarbonyl of 2-7 carbon atoms, or benzoyl; wherein at least one of R5
or R9 is not hydrogen, or a pharmaceutically acceptable salt or prodrug
thereof. 32. The method of claim 3 1 wherein the ERb selective ligand has
the Formula V: V or a pharmaceutically acceptable salt or prodrug thereof.
33. The method of claim 3 1 or claim 32 wherein the 5 or 6-membered
heterocyclic ring having 1 to 4 heteroatoms selected from O, N or S is
furan, thiophene or pyridine, or a pharmaceutically acceptable salt or
prodrug thereof. 34. The method of any one of claims 3 1 to 33 wherein R5,
R6, R , Rs, and R9 are each, independently, hydrogen, halogen, -CN, alkynyl
of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, -CHO, trifluoromethyl,
phenylalkyl of 7-12 carbon atoms, or a pharmaceutically acceptable salt or
prodrug thereof. 35. The method of any one of claims 3 1 to 34 wherein R6,
R7, and R8 are hydrogen or a pharmaceutically acceptable salt or prodrug
thereof.36. The method of any one of claims 1 to 24, wherein the ERb
selective ligand is one of the following: a)
7-(4-hydroxyphenyl)-2-naphthol; b) 7-(3-hydroxyphenyl)-2-naphthol; 



c) 6-(4-hydroxyphenyl)-1-naphthol; d) 6-phenyl-2-naphthol; e)
6-(3-hydroxyphenyl)-2-naphthol; f) 6-(3-chlorophenyl)-2-naphthol; g)
2-fluoro-4-(2-naphthyl)phenol ; h) 6-(3-fluoro-4-hydroxyphenyl)-2-naphthol;
i) 6-(3-chloro-4-hydroxyphenol)-2-naphthol; j )
1-chloro~6-phenyl-2-naphthol; k) 1-bromo-6-(4-hydroxyphenyl)-2-naphthol; I)
1-chloro-6-(4-hydroxyphenyl)-2-naphthol; m)
1-fluoro-6-(4-hydroxyphenyl)-2-naphthol; n) 2-hydroxy-6-(4-hydroxyphenyl)-1
-naphthonitrile; o) 6-(4-hydroxyphenyl)-1-phenyl-2-naphthol; p)
6-(4-hydroxyphenyl)-1 -methyl-2-naphthol; q)
1-chloro-6-(3-fluoro-4-hydroxyphenyl)-2-naphthol; r) i-chloro-
d-CS-chloro^-hydroxyphenyO^-naphthol; s) 6-(4-hydroxyphenyl)-1
-nitro-2-naphthol; t) 1-chloro-6-(4-hydroxy-2-methylphenyl)-2-naphthol; u)
6-(4-hydroxy-2-methylphenyl)-2-naphthol; v)
6-(4-hydroxy-2-methoxyphenyl)-2-naphthol; w)
6-(2-chloro-4-hydroxyphenyl)-2-naphthol; x)
1-chloro-6-(2-chloro-4-hydroxyphenyl)-2-naphthol; y)
6-(2-fluoro-4-hydroxyphenyl)-2-naphthol; z)
6-(2,5-difluoro-4-hydroxyphenyl)-2-naphthol; aa)
6-(2,6-difluoro-4-hydroxyphenyl)-2-naphthol; bb)
1-chloro-6-(2-fluoro-4-hydroxyphenyl)-2-naphthol; cc)
1-chloro-6-(2,5-difluoro-4-hydroxyphenyl)-2-naphthol; dd)
1-chloro-6-(2,6-difluoro-4-hydroxyphenyl)-2-naphthol;ee)
8-fluoro-6-(4-hydroxyphenyl)-2-naphthol; ff) 1-chloro-8-f
luoro-6-(4-hydroxyphenyl)-2-naphthol; gg)
8-chloro-6-(4-hydroxyphenyl)-2-naphthol; hh)
1,5-dichloro-8-fluoro-6-(4-hydroxyphenyl)-2-naphthol; ii)
2-chloro-4-(2-naphthyl)phenol; jj)
3-bromo-8-chloro-6-(4-hydroxyphenyl)-2-naphthol; kk)
1,8-dichloro-6-(4-hydroxyphenyl)-2-naphthol; II) 3-bromo-1
,8-dichloro-6-(4-hydroxyphenyl)-2-naphthol; mm)
7-hydroxy-3-(4-hydroxyphenyl)-1 -naphthonitrile; nn)
8-chloro-3-(4-hydroxyphenyl)-7-hydroxy-1-naphthonitrile; oo)
8-chloro-3-(3-fluoro-4-hydroxyphenyl)-7-hydroxy-1- naphthonitrile; pp)
6-(3,5-difluoro-4-hydroxyphenyl)-2-naphthol; qq)
1-chloro-6-(3,5-difluoro-4-hydroxyphenyl)-2-naphthol; rr)
8-bromo-7-hydroxy-3-(4-hydroxyphenyl)-1 -naphthonitrile; 



ss) 8-fluoro-6-(3-fluoro-4-hydroxyphenyl)-2-naphthol; tt)
1-chloro-8-fluoro-6-(3-fluoro-4-hydroxyphenyl)-2-naphthol; uu)
3-(3-fluoro-4-hydroxyphenyl)-7-hydroxy-1 -naphthonitrile; vv)
3-(3,5-difluoro-4-hydroxyphenyl)-7-hydroxy-1 -naphthonitrile; or a
pharmaceutically acceptable salt or prodrug thereof. 37. The method of any
one of claims 1 to 24 wherein the ERb selective ligand has the Formula Vl:
wherein: A is alkyl of 1-6 carbon atoms, halogen, trifluoroalkyl of 1-6
carbon atoms, hydroxyalkyl of 1-6 carbon atoms, -CO2H, -NH2, or -OP; A' is
-OP, -CO2P, halogen, or hydroxyalkyl; P is hydrogen, alkyl of 1-6 carbon
atoms, or phenyl;Z is hydrogen, alkyl of 1-6 carbon atoms, halogen, -NO2,
-CN, trifluoroalkyl of 1-6 carbon atoms, -COP, -CO2P, or -C(P)=N-OP; R and
R' are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2- 7 carbon atoms, halogen, -OP, -SP, -SOP, -SO 2P, -SCN, trifluoroalkyl of
1-6 carbon atoms, -CF2CF3, trifluoroalkoxy of 1-6 carbon atoms, -NO2, -NH
2, -NHOP, hydroxyalkyl of 1-6 carbon atoms, alkoxyalkyl of 1-6 carbon atoms
per alkyl group, -alkyl-SP, -alkyl-SOP, -alkyl-SO 2P, -CN, -alkyl-CN,
-alkenyl- CN, -alkylSCN, -CHFCN, -CF 2CN, -alkenyl-NO 2, haloalkyl of 1-6
carbon atoms, dihaloalkenyl of 2-7 carbon atoms, -COP, -COCF 3, -CO2P,
-CONRiR 2, -alkyl-CONRiR 2, -alkenyl-CONR^, -alkyl-COP, -alkenyl-COP,
-alkenyl- CO2P, -alkenyl-CO 2P, oxadiazolyl, furyl, thienyl, pyrrolyl,
imidazolyl, triazolyl, or tetrazolyl; X and Y are each, independently,
hydrogen, alkyl of 1-6 carbon atoms, halogen, -NO2, -CN, trifluoroalkyl of
1-6 carbon atoms, -OP, hydroxyalkyl of 1-6 carbon atoms, -CO2H, or phenyl
which is optionally mono- or di-substituted with hydroxy!, benzyloxy,
alkoxy of 1-6 carbon atoms, or -OCH 2CH2NR1R2; R1 and R2 are each,
independently, hydrogen, alkyl of 1-6 carbon atoms, or alkoxy of 1-6 carbon
atoms; or Ri and R2 are concatenated together as -(CH2)p-; p = 2-6; or a
pharmaceutically acceptable salt or prodrug thereof. 38. The method of any
one of claims 1 to 24 wherein the ERb selective ligand has of Formula VII:
VII wherein: A and A' are each, independently, OH or OP;P is alkyl,
alkenyl, benzyl, acyl, aroyl, alkoxycarbonyl, sulfonyl or phosphoryl; R1
and R2 are each, independently, H, halogen, C1-C6 alkyl, C2-C7 alkenyl, or
C1-C6 alkoxy; R3 is H, halogen, or C1-C6 alkyl; R4 is H, halogen, C1-C6
alkyl, C2-C7 alkenyl, C2-C7 alkynyl, C3-C7 cycloalkyl, C1-C6 alkoxy, -CN,
-CHO, acyl, or heteroaryl; R5 and R6 are each, independently, H, halogen,
C1-C6 alkyl, C2-C7 alkenyl, C2-C7 



alkynyl, C3-C7 cycloalkyl, Cr C6 alkoxy, -CN, -CHO, acyl, phenyl, aryl or
heteroaryl, provided that at least one of R4, R5 and R6 is halogen, C1-C6
alkyl, C2-C7 alkenyl, C2-C7 alkynyl, C3-C7 cycloalkyl, C1-C6 alkoxy, -CN,
-CHO, acyl, phenyl, aryl or heteroaryl; wherein the alkyl or alkenyl
moieties of R4, R5 or R6 may be optionally substituted with halogen, OH,
-CN, trifluoroalkyl, trifluoroalkoxy, -NO2, or phenyl; wherein the alkynyl
moiety of R4, R5 or R6 may be optionally substituted with halogen, -CN,
-CHO, acyl, trifluoroalkyl, trialkylsilyl, or optionally substituted
phenyl; wherein the phenyl moiety of R5 or R6 may be optionally mono-, di-,
or tri-substituted with halogen, C1-C6 alkyl, C2-C7 alkenyl, OH, C1-C6
alkoxy, -CN, -CHO, -NO2, amino, C1-C6 alkylamino, di-(C r C6)alkylamino,
thiol, or C1-C6 alkylthio; provided that when each of R4, R5 and R6 are H,
C1-C6 alkyl, C2-C7 alkenyl, or Cr C6 alkoxy, then at least one of R1 and R2
is halogen, C1-C6 alkyl, C2-C7 alkenyl, or C1-C6 alkoxy; provided that at
least one of R4 and R6 is other than H; or a N-oxide thereof; or Formula
VIII:VIII wherein: Q has the structure i , ii or iii: Ri > R4, R R R7, Rr,
Re and Rn are each independently selected from the group consisting of
hydrogen, C1-C6 alkyl, -OR 2O, halogen, -CF 3, -CF 2CF3, -CH 2CF3, -SR20 ,
NR20R2 1 , -CN, -CH2CN, -CH 2CH2CN, -CH=CHCN, -NO 2, -CH 2NO2, -CH2CH2NO2,
-CH=CHNO 2 and -COR 20 ; n = Oor 1; each R20 and R2 1 is independently
selected from the group consisting of hydrogen, C1-C6 alkyl, -CF 3, benzyl,
-CO2(C1-C6 alkyl) and -CO(C 1-C6 alkyl); provided that: a) one of R2 or R3
must be -OR 20; b) one of R9 or R10 must be -OR 20; c) when R2 is -OR 20,
then R1 and R3 are selected independently from the group consisting of
hydrogen, halogen, Ci-C 6 alkyl, -CF 3, -CF 2CF3, -CH 2CF3, -SR20, -CN, -CH
2CN, -CH2CH2CN, -CH=CHCN, -NO 2, -CH 2NO2, -CH2CH2NO2, -CH=CHNO 2 and -COR
20 ; d) when R3 is -OR 20, then R2 and R4 are selected independently from
the group consisting of hydrogen, C1-C6 alkyl, halogen, -CF 3, -CF 2CF3,
-CH 2CF3,-SR20, -CN, -CH2CN, -CH2CH2CN, -CH=CHCN, -NO2, -CH2NO2,
-CH2CH2NO2, -CH=CHNO 2 and -COR 20 ; e) when R9 is -OR 20 , then R8 and R10
are selected independently from the group consisting of hydrogen, CrC 6
alkyl, halogen, -CF3, -CF2CF3, -CH2CF3, -SR20, -CN, -CH2CN, -CH2CH2CN,
-CH=CHCN, -NO2, -CH2NO2, -CH2CH2NO2, -CH=CHNO 2 and -COR 20; f) when R10 is
-OR 20 , then R9 and Ri 1 are selected independently from the group
consisting of hydrogen, C1-C6 alkyl, halogen, -CF3, -CF2CF3, 



-CH2CF3, -SR20 , -CN, -CH2CN, -CH2CH2CN, -CH=CHCN, -NO2, -CH2NO2,
-CH2CH2NO2, -CH=CHNO 2 and -COR 20 ; and g) when Q has the structure iii,
and R7, R7, Rs, R , Rn are each H, and n = O, then R10 is not OR20 , or a
pharmaceutically acceptable salt or prodrug thereof; or Formula IX: IX
wherein: Ri, R2, R3, R5, R , R7, and R8 are each, independently, selected
from hydrogen, hydroxyl, C1-C6 alkyl, C1-C6 alkoxy, or halogen; R4 is
hydrogen, C1-C6 alkyl, halogen, C1-C6 alkoxy, -CN, C2-C8 alkenyl, -CHO,
aryl, furyl, thienyl, pyrimidinyl, or pyridinyl; provided that at least one
of R1- R8 is other than H;or a pharmaceutically acceptable salt or prodrug
thereof; or of Formula X: X wherein: R1 and R2 are each, independently,
selected from hydrogen, hydroxyl, alkyl of 1-6 carbon atoms, alkenyl of 2-6
carbon atoms, alkynyl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms, or
halogen; wherein the alkyl or alkenyl moieties of Ri or R2 may be
optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -NO2, or phenyl; and provided that at least one of R-i or
R2 is hydroxyl; R3, R , R5, Re, and R7 are each, independently, hydrogen,
alkyl of 1-6 carbon atoms, halogen, alkoxy of 1-6 carbon atoms, -CN,
alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, -CHO, phenyl, or
a 5 or 6-membered heterocyclic ring having 1 to 4 heteroatoms selected from
O, N or S; wherein the alkyl or alkenyl moieties of R4, R5, R6, or R7 may
be optionally substituted with hydroxyl, -CN, halogen, trifluoroalkyl,
trifluoroalkoxy, -NO2, or phenyl; wherein the phenyl moiety of R4 or R5 may
be optionally mono-, di-, or trisubstituted with alkyl of 1-6 carbon atoms,
alkenyl of 2-7 carbon atoms, halogen, hydroxyl, alkoxy of 1-6 carbon atoms,
-CN, -NO2, amino, alkylamino of 1-6 carbon atoms, dialkylamino of 1-6
carbon atoms per alkyl group, thio, alkylthio of 1-6 carbon atoms,
alkylsulfinyl of 1-6 carbon atoms, alkylsulfonyl of 1-6 carbon atoms,
alkoxycarbonyl of 2-7 carbon atoms, alkylcarbonyl of 2-7 carbon atoms, or
benzoyl;or a pharmaceutically acceptable salt or prodrug thereof. 39. Use
of an ERb selective ligand which is substantially free of ERb antagonist
activity in the preparation of a medicament for treating Parkinson's
disease in a patient identified as having said disease. 40. Use of an ERb
selective ligand which is substantially free of ERb antagonist activity in
the preparation of a medicament for ameliorating a symptom of Parkinson's
disease in a patient identified as having said disease and having said
symptom thereof. 



4 1. Use of an ERb selective ligand which is substantially free of ERb
antagonist activity in the preparation of a medicament for ameliorating a
symptom of a cognitive disease or disorder in a patient identified as
having said disease and having said symptom thereof; wherein said disease
or disorder is selected from multiple sclerosis, depression, schizophrenia,
stroke, Alzheimer's disease or anxiety. 


