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MAMMALIAN METABOLITES OF STEROIDS

FIELD OF THE INVENTION
[0001] Compounds, methods of making such compounds, pharmaceutical compositions and
medicaments comprising such compounds, and methods of using such compounds to treat

androgen receptor mediated diseases or conditions are described.

BACKGROUND OF THE INVENTION
[0002] Prostate cancer 1s the most common cancer 1n men and will be responsible for more
than 27,360 deaths 1n 2009 (National Cancer Institute, 2009). The majority of prostate cancer
deaths are due to the development of metastatic disease that 1s unresponsive to conventional
androgen deprivation therapy. Androgen deprivation therapy has been the standard of care 1n
patients with prostate cancer since the 1940s. Despite androgen deprivation, most patients
ultimately experience disease progression. For many years this later phase of the disecase was
called “hormone 1nsensitive prostate cancer” or “androgen independent prostate cancer.” It has
since become clear that the prostate cancer that emerges after years of androgen deprivation
therapy remains dependent upon androgen. The prostate cancer cells that have survived have
gamed the ability to import low levels of circulating androgens (expressed from adrenal glands),
become much more sensitive to these low levels of testosterone, and actually synthesize
testosterone within the prostate cancer cell itself. This stage of prostate cancer 1s now termed

“castration resistant prostate cancer” or CRPC.

SUMMARY OF THE INVENTION
[0003] Described herein, 1in certain embodiments, are compounds, methods of making such
compounds, pharmaceutical compositions and medicaments comprising such compounds, and
methods of using such compounds to treat androgen receptor mediated discases.
[0004] In some embodiments, the invention provides a compound or a pharmaceutically

acceptable salt or N-oxide of a compound having the structure of Formula (1)

(),
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wherein,

(a) the ABCD ring structure and/or one or both methyl groups are independently optionally
substituted with one or more substituents selected from C-Cg-alkyl, halogenated C;-Cg-alkyl,
C-Cgs-alkenyl, halogenated C;-C¢-alkenyl, halogen, amino, aminoalkylene, hydroxyimino,
n,n+1-epoxy, carbonyl (0x0), glucuronido, glucuronato, O-linked sulfate, and hydroxy;

(b) X 18 glucuronido, glucuronato, O-linked sulfate, OH or O; and

(C) dashed lines are taken at each occurrence independently to be double or single bonds,

O

T il

wherein the compound 1S not: wo 0 , Or

?

and wherein the compound 1s formed in vivo after administration of a drug to a subject.
[0005] In some embodiments, the invention provides a pharmaceutical composition
comprising an effective amount of a compound, wherein after administration of the composition

to a subject, the compound produces a metabolite or a pharmaceutically acceptable salt or N-

oxide thereof of Formula (1):

(),

wherein,

(a) the ABCD ring structure and/or one or both methyl groups are independently optionally
substituted with one or more substituents selected from C;-Cg-alkyl, halogenated C-Cg-alkyl,
C-Cs-alkenyl, halogenated C-Cg-alkenyl, halogen, amino, aminoalkylene, hydroxyimino,
n,n+1-¢poxy, carbonyl (0x0), glucuronido, glucuronato, O-linked sulfate, and hydroxy;

(b) X 18 glucuronido, glucuronato, O-linked sulfate, OH or O; and

(C) dashed lines are taken at each occurrence independently to be double or single bonds,
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23 &

wherein neither the compound nor the metabolite are: Ho/d§5 /dgt&

or , wherein the metabolite 1s effective for treating an androgen receptor
mediated disease or condition.

[0006] In some embodiments, the invention provides a method of treating an androgen
receptor mediated disease or condition, which method comprises administering to a patient in
need thereof a therapeutically effective amount of a compound or a pharmaceutically acceptable
salt or N-oxide thereof to inhibit androgen biosynthesis, inhibit androgen receptor signaling and
decrease androgen receptor sensitivity, wherein said compound produces a metabolite or a

pharmaceutically acceptable salt or N-oxide thereof after administration of the compound to a

subject, wherein the metabolite has the structure of Formula (1),

(1),

wherein,

(a) the ABCD ring structure and/or one or both methyl groups are independently optionally
substituted with one or more substituents selected from C;-Cg-alkyl, halogenated C;-Cg-alkyl,
C-Cg-alkenyl, halogenated C-C¢-alkenyl, halogen, amino, aminoalkylene, hydroxyimino,
n,n+1-epoxy, carbonyl (0xo0), glucuronido, glucuronato, O-linked sulfate, and hydroxy;

(b) X 18 glucuronido, glucuronato, O-linked sulfate, OH or O; and
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(C) dashed lines are taken at each occurrence independently to be double or single bonds,

QJ QNJ
wherein neither the compound nor the metabolite 1s: Ho/d;§b , ofdg5 ,

O

Oor

H

[0007] In some embodiments, the invention provides a compound or a pharmaceutically

acceptable salt or N-oxide of a compound having the structure of Formula (1)

(),

wherein,

(a) the ABCD ring structure and/or one or both methyl groups are independently substituted
with two substituents selected from n,n+1 epoxy, oxo, and hydroxy;

(b) X 18 glucuronido, glucuronato, O-linked sulfate, OH or O; and

(C) dashed lines are taken at each occurrence independently to be double or single bonds,

O

H

wherein the compound 18 not: wo 0 , Or
and wherein the compound 1s formed in vivo after administration of a drug to a subject.

[0008] In some embodiments, the invention provides a compound or a pharmaceutically

acceptable salt or N-oxide of a compound having the structure of Formula (1)
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(),

wherein,

(a) the ABCD ring structure and one methyl group 1s independently substituted with a
substituent selected from n, n+1 epoxy, oxo, and hydroxy;
(b) X 18 glucuronido, glucuronato, O-linked sulfate, OH or O; and

(C) dashed lines are taken at each occurrence independently to be double or single bonds,

/:< |" Q |"
NJ NJ
wherein the compound 18 not: Ho’d;§b , o’O‘:§b , OT

O

, and wherein the compound 1s formed in vivo after administration of a drug

to a subject.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth 1llustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0010] FIG. 1 1s a table of Compound (1) concentration and 1ts potential metabolites
following incubations of 10 um Compound (1) with 0.1 M phosphate butter and pooled rat liver
microsomes 1n the presence and 1n the absence of NADPH-gencerating system at various
timepoints.
[0011] FIG. 2 1s a table of Compound (1) concentration and 1ts potential metabolites
following incubations of 10 uM Compound (1) with 0.1 M phosphate buffer, 3 mM MgCl,, 1
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mM EDTA and pooled rat liver microsomes 1n the presence and 1n the absence of
NADPH-generating system at various timepoints.

[0012] FIG. 3 1s a table of Compound (1) concentration and its potential metabolites
following incubations of 10 uM Compound (1) with 0.1 M phosphate buffer and pooled dog
l[iver microsomes 1n the presence and 1n the absence of NADPH-generating system at various
timepoints.

[0013] FIG. 4 1s a table of Compound (1) concentration and its potential metabolites
following incubations of 10 uM Compound (1) with 0.1 M phosphate butfer, 3 mM MgCl,, 1
mM EDTA and pooled dog liver microsomes in the presence and in the absence of
NADPH-generating system at various timepoints.

[0014] FIG. 5 1s a table of Compound (1) concentration and its potential metabolites
following incubations of 10 uM Compound (1) with 0.1 M phosphate butfer and pooled monkey
l[iver microsomes 1n the presence and 1n the absence of NADPH-generating system at various
timepoints.

[0015] FIG. 6 1s a table of Compound (1) concentration and its potential metabolites
following incubations of 10 uM Compound (1) with 0.1 M phosphate butfer, 3 mM MgCl,, 1
mM EDTA and pooled monkey liver microsomes 1n the presence and in the absence of
NADPH-generating system at various timepoints.

[0016] FIG. 7 1s a table of Compound (1) concentration and its potential metabolites
following incubations of 10 uM Compounds (1) with 0.1 M phosphate bufter and pooled human
l[iver microsomes 1n the presence and 1n the absence of NADPH-generating system at various
timepoints.

[0017] FIG. 8 1s a table of Compound (1) concentration and its potential metabolites
following incubations of 10 uM Compound (1) with 0.1 M phosphate butfer, 3 mM MgCl,, 1
mM EDTA and pooled human liver microsomes 1n the presence and 1n the absence of
NADPH-generating system at various timepoints.

[0018] FIG. 9 1s a representative chromatogram of Compound (1) (m/z 389).

[0019] FIG. 10 1s a representative chromatogram (m/z 405) of incubation of 10 uM
Compound (1) 1n rat liver microsomes for up to 120 minutes.

[0020] FIG. 11 1s a representative chromatogram (m/z 421) of incubation of 10 uM
Compound (1) 1n rat liver microsomes for up to 120 minutes.

[0021] FIG. 12 1s a representative chromatogram (m/z 405) of incubation of 10 uM
Compound (1) 1n rat liver microsomes with EDTA and MgCl, for up to 120 minutes.

[0022] FIG. 13 1s a representative chromatogram (m/z 421) of incubation of 10 uM

Compound (1) 1n rat liver microsomes with EDTA and MgCl, for up to 120 minutes.

_6-
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[0023] FIG. 14 1s a representative chromatogram (m/z 405) of incubation of 10 uM
Compound (1) in dog liver microsomes for up to 120 minutes.

[0024] FIG. 15 15 a representative chromatogram (m/z 421) of incubation of 10 uM
Compound (1) in dog liver microsomes for up to 120 minutes.

[0025] FIG. 16 1s a representative chromatogram (SIR m/z 405) of incubation of 10 uM
Compound (1) in dog liver microsomes with EDTA and MgCl, for up to 120 minutes.

[0026] FIG. 17 1s a representative chromatogram (SIR m/z 421) of incubation of 10 uM
Compound (1) in dog liver microsomes with EDTA and MgCl, for up to 120 minutes.

[0027] FIG. 18 1s a representative chromatogram (SIR m/z 405) of incubation of 10 uM
Compound (1) in monkey liver microsomes for up to 120 minutes.

[0028] FIG. 19 1s a representative chromatogram (SIR m/z 421) of incubation of 10 uM
Compound (1) in monkey liver microsomes for up to 120 minutes.

[0029] FIG. 20 1s a representative chromatogram (SIR m/z 405) of incubation of 10 uM
Compound (1) in monkey liver microsomes with EDTA and MgCl, for up to 120 minutes.
[0030] FIG. 21 1s a representative chromatogram (SIR m/z 421) of incubation of 10 uM
Compound (1) in monkey liver microsomes with EDTA and MgCl, for up to 120 minutes.
[0031] FIG. 22 1s a representative chromatogram (SIR m/z 405) of incubation of 10 uM
Compound (1) in human liver microsomes for up to 120 minutes.

[0032] FIG. 23 1s a representative chromatogram (SIR m/z 421) of incubation of 10 uM
Compound (1) 1n human liver microsomes for up to 120 minutes.

[0033] FIG. 24 1s a representative chromatogram (SIR m/z 405) of incubation of 10 uM
Compound (1) in human liver microsomes with EDTA and MgCl, for up to 120 minutes.
[0034] FIG. 25 1s a representative chromatogram (SIR m/z 421) of incubation of 10 uM
Compound (1) in human liver microsomes with EDTA and MgClfor up to 120 minutes.
[0035] FIG. 26 1s a chromatogram of the parent compound from dog plasma 1n 0.1% formic
acid 1n water and 0.1% formic acid 1n acetonitrile.

[0036] FIG. 27 1s a chromatogram of the parent compound from monkey plasma 1in 0.1%
formic acid in water and 0.1% formic acid 1 acetonitrile.

[0037] FIG. 28 1s a chromatogram of the parent compound from monkey plasma using the
optimized HPLC parameters 1n 0.1% formic acid in water and 0.1% formic acid in acetonitrile.
[0038] FIG. 29 1s a calibration curve of the parent compound 1n human plasma.

[0039] FIG. 30 1s the fragmentation pattern of the parent compound on direct infusion.
[0040] FIG. 31 1s the fragmentation pattern of 0.417 ng/mL parent 1n analytical method
diluent.

[0041] FIG. 32 1s the fragmentation pattern of 5 ng/mL of the parent in human plasma.
7-
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[0042] FIG. 33 1s the fragmentation pattern of 10 ng/mL of the parent 1n human plasma.
[0043] FIG. 34 1s a chromatogram illustrating MRM 389 to 195 1n extracted cynomolgus
monkey plasma.

[0044] FIG. 35 1s a chromatogram illustrating MRM 389 to 195 of Std. 1.

[0045] FI1G. 36 1s a chromatogram 1llustrating MRM 389 to 195 of Std. 2.

[0046] FIG. 37 1s a chromatogram 1illustrating MRM 389 to 195 of Std. 3.

[0047] FIG. 38 1s a chromatogram 1illustrating MRM 389 to 195 of Std. 5.

[0048] FIG. 39 1s a chromatogram 1illustrating MRM 389 to 195 of Std. 6.

[0049] FIG. 40 1s a chromatogram 1illustrating MRM 389 to 195 of Std. 7.

[0050] FIG. 41 1s a product 1on spectrum of the parent using MS/MS parameters
optimized for the parent.

[0051] FIG. 42 1s a product 10n spectrum of Std. 1 using MS/MS parameters optimized

for the parent.

DETAILED DESCRIPTION OF THE INVENTION
Certain Chemical Terminology
[0052] Unless otherwise stated, the following terms used in this application, including the
specification and claims, have the definitions given below. It must be noted that, as used 1n the
specification and the appended claims, the singular forms “a,” “an™ and “‘the” include plural
referents unless the context clearly dictates otherwise. Definition of standard chemistry terms
may be found 1n reference works, including Carey and Sundberg “ADVANCED ORGANIC
CHEMISTRY 4 ED.” Vols. A (2000) and B (2001), Plenum Press, New York, hereby
incorporated by reference 1n 1ts entirety. Unless otherwise indicated, conventional methods of
mass spectroscopy, NMR, HPLC, protein chemistry, biochemistry, recombinant DNA techniques
and pharmacology, within the skill of the art are employed.
[0053] The term “alkenyl group,” as used herein, refers to a hydrocarbon chain having one or
more double bonds therein. The double bond of an alkenyl group can be unconjugated or
conjugated to another unsaturated group. Suitable alkenyl groups include, but are not limited to,
(C,-Cg)alkenyl groups, such as vinyl, allyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl,
hexadienyl, 2-cthylhexenyl, 2-propyl-2-butenyl, 4-(2-methyl-3-butene)-pentenyl. The alkenyl
moicty may be branched, straight chain, or cyclic (1n which case, 1t would also be known as a
“cycloalkenyl” group), and can be unsubstituted or substituted.
[0054] The term “alkoxy’ as used herein, includes -O-(alkyl), where alkyl 1s as defined

herein. By way of example only, C,_¢ alkoxy includes, but 1s not limited to, methoxy, ethoxy,

and the like. An alkoxy group can be unsubstituted or substituted.

_8&-
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[0055] The term “alkyl,” as used herein, refers to a hydrocarbon group having from 1 to 10
carbon atoms and can include straight, branched, cyclic, saturated and/or unsaturated features.
Whenever 1t appears herein, a numerical range such as 1 to 10 refers to each integer 1n the
given range; e.g., ©1 to 10 carbon atoms” or “Cy_1¢” or “(C1-Cj9)” means that the alkyl group may
consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and including 10 carbon
atoms, although the present definition also covers the occurrence of the term “alkyl” where no
numerical range 1s designated. The alkyl moiety may be a “saturated alkyl” group, which means
that 1t does not contain any alkene or alkyne moicties. Representative saturated alkyl groups
include, but are not limited to, methyl, ethyl, n-propyl, 1sopropyl, 2-methyl-1-propyl, 2-methyl-2-
propyl, 2-methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-
1-pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-
2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl, 1sobutyl, sec-butyl,
t-butyl, n-pentyl, 1sopentyl, neopentyl, and n-hexyl, and longer alkyl groups, such as heptyl, and
octyl. The alkyl moiety may also be an “unsaturated alkyl” moiety, which means that 1t contains
at least one alkene or at least one alkyne moiety. An “alkene” moiety refers to a group

consisting of at least two carbon atoms and at least one carbon-carbon double bond, and an
“alkyne” moiety refers to a group consisting of at least two carbon atoms and at least one carbon-
carbon triple bond. Representative unsaturated alkyl groups include, but are not limited to,
cthenyl, propenyl, butenyl, propargyl and the like. An alkyl group can be unsubstituted or
substituted. Substituted alkyl groups include, but are not limited to, halogen-substituted alkyl
groups, such as, by way of example only, trifluoromethyl, pentatluoroethyl, and the like.

[0056] The term “alkynyl” group, as used herein, refers to a hydrocarbon chain having one or
more triple bonds therein. The triple bond of an alkynyl group can be unconjugated or
conjugated to another unsaturated group. Suitable alkynyl groups include, but are not limited to,
(Cy-Co)alkynyl groups, such as cthynyl, propynyl, butynyl, pentynyl, hexynyl, methylpropynyl,
4-methyl-1-butynyl, 4-propyl-2-pentynyl, and 4-butyl-2-hexynyl. The alkynyl moiety may be
branched or straight chain, and can be unsubstituted or substituted.

[0057] The term “‘ester,” as used herein, refers to a chemical moiety with formula -COOR,
where R 1s selected from the group consisting of alkyl, cycloalkyl, aryl, and heterocyclic (bonded
through a ring carbon). Any hydroxy or carboxyl side chain on the compounds described herein
can be esterified. The procedures and specific groups to make such esters are known to those of
skill 1n the art and can readily be found in reference sources such as Greene and Wuts, Protective
Groups 1n Organic Synthesis, 31 Ed., John Wiley & Sons, New York, NY, 1999, which 1s
incorporated herein by reference 1n 1ts entirety. An ester group can be unsubstituted or

substituted.
0.
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[0058] The term “halogen,” as used herein, means fluoro, chloro, bromo or 10do. Preferred
halogen groups are fluoro, chloro and bromo.

[0059] The term “heteroatom” as used herein means any atom 1n the periodic chart other than
carbon or hydrogen. Such heteroatoms include, but are not limited to, halogens, such as fluorine,
chlorine or bromine, chalcogens such as oxygen and sulfur, nitrogen, phosphorus, silicon, or
boron. Preferred heteroatoms are fluorine, chlorine, oxygen, nitrogen, and sulfur.

[0060] The terms “haloalkyl,” “haloalkenyl,” “haloalkynyl” and *“haloalkoxy” include alkyl,
alkenyl, alkynyl and alkoxy structures that are substituted with one or more halogen groups or
with combinations thereof.

[0061] The terms “glucuronide,” “glucuronido” and the like as used herein refers to a

glucuronic acid linkage via a bond as exemplified below or at the 2, 3 or 4 hydroxy positions:

2% ¢6

[0062] The terms “glucuronate,” “glucuronato” and the like as used herein refers to a

glucuronic acid linkage via a bond as exemplified below:
[0063] The term “membered ring,” as used herein, can embrace any cyclic structure. The
term “membered” 1S meant to denote the number of skeletal atoms that constitute the ring. Thus,
for example, cyclohexyl, pyridine, pyran and thiopyran are 6-membered rings and cyclopentyl,
pyrrole, imidazole, furan, and thiophene are 5S-membered rings.

[0064] The term “moicty,” as used herein, refers to a specific segment or functional group of
a molecule. Chemical moieties are often recognized chemical entities embedded 1n or appended
to a molecule.

[0065] The term “protecting group,” as used herein, refers to a chemical moiety which
blocks some or all reactive moicties and selectively prevents such groups from participating in
chemical reactions until the protective group 1s removed.

[0066] The term “reactant,” as used herein, refers to a nucleophile or electrophile used to
create covalent linkages.

[0067] Unless otherwise indicated, when a substituent 1s deemed to be “optionally
substituted,” 1t 1s meant that the substituent 1s a group that may be substituted with one or more
group(s) individually and independently selected from, for example, alkenyl, alkyl, alkoxy,

alkylamine, alkylthio, alkynyl, amide, amino, including mono- and di-substituted amino groups,
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aryl, aryloxy, arylthio, carbonyl, carbocyclic, cyano, cycloalkyl, halogen, heteroalkyl,
heteroalkenyl, heteroalkynyl, heteroaryl, heterocyclic, hydroxy, 1socyanato, 1sothiocyanato,
mercapto, nitro, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido,
S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy, perhaloalkyl, perfluoroalkyl, silyl,
sulfonyl, thiocarbonyl, thiocyanato, trihalomethanesulfonyl, and the protected compounds
thercof. The protecting groups that may form the protected compounds of the above substituents
arc known to those of skill in the art and may be found 1n references such as Greene and Wuts,
Protective Groups in Organic Synthesis, 31 Ed., John Wiley & Sons, New York, NY, 1999, and
Kocienski, Protective Groups, Thieme Verlag, New York, NY, 1994, which are incorporated
herein by reference 1n their entirety.

Certain Pharmaceutical Terminology

[0068] The term “acceptable” with respect to a formulation, composition or ingredient, as
used herein, means having no persistent detrimental effect on the general health of the subject
being treated.

[0069] The term “agonist,” as used herein, refers to a molecule such as a compound, a drug,
an enzyme activator or a hormone modulator which enhances the activity of another molecule or
the activity of a receptor site.

[0070] The term “antagonist,” as used herein, refers to a molecule such as a compound, a
drug, an enzyme 1nhibitor, or a hormone modulator, which diminishes, or prevents the action of
another molecule or the activity of a receptor site.

[0071] The term ““carrier,” as used herein, refers to relatively nontoxic chemical compounds
or agents that facilitate the incorporation of a compound 1nto cells or tissues.

[0072] The terms “co-administration” or the like, as used herein, are meant to encompass
administration of the selected therapeutic agents to a single patient, and are intended to include
treatment regimens 1n which the agents are administered by the same or different route of
administration or at the same or different time.

[0073] The terms “effective amount” or “therapeutically effective amount,” as used herein,
refer to a sufficient amount of an agent or a compound being administered which will relieve to
some extent one or more of the symptoms of the disease or condition being treated. The result
can be reduction and/or alleviation of the signs, symptoms, or causes of a disease, or any other
desired alteration of a biological system. For example, an “effective amount” for therapeutic
uses 18 the amount of the composition comprising a compound as disclosed herein required to
provide a clinically significant decrease 1n a disease. An appropriate “effective’” amount 1n any

individual case may be determined using techniques, such as a dose escalation study.
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[0074] The terms “enhance” or “enhancing,” as used herein, means to increase or prolong
cither in potency or duration a desired effect. Thus, 1n regard to enhancing the effect of
therapeutic agents, the term “enhancing” refers to the ability to increase or prolong, either 1n
potency or duration, the effect of other therapeutic agents on a system. An “enhancing-etfective
amount,” as used herein, refers to an amount adequate to enhance the effect of another
therapeutic agent in a desired system.

[0075] The terms “kit” and “article of manufacture” are used as synonyms.

[0076] The term “metabolite,” as used herein, refers to a derivative of a compound which 1s
formed when the compound 1s metabolized. Said metabolites may also be produced by discreet
chemical synthesis, after determination of their structure through spectroscopic and other
analytical means.

[0077] The term “active metabolite,” as used herein, refers to a biologically active derivative
of a compound that 1s formed when the compound 1s metabolized.

[0078] The term “metabolized,” as used herein, refers to the sum of the processes (including,
but not limited to, hydrolysis reactions and reactions catalyzed by enzymes) by which a
particular substance 1s changed by an organism. Thus, enzymes may produce specific structural
alterations to a compound. For example, cytochrome P450 catalyzes a variety of oxidative and
reductive reactions while uridine diphosphate glucuronyltransterases catalyze the transfer of an
activated glucuronic-acid molecule to aromatic alcohols, aliphatic alcohols, carboxylic acids,
amines and free sulphydryl groups. Further information on metabolism may be obtained from
The Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill (1996).

[0079] The term “modulate,” as used herein, means to interact with a target either directly or
indirectly so as to alter the activity of the target, including, by way of example only, to enhance
the activity of the target, to inhibit the activity of the target, to limit the activity of the target, or
to extend the activity of the target.

[0080] The term “modulator,” as used herein, refers to a molecule that interacts with a target
cither directly or indirectly. The interactions include, but are not limited to, the interactions of an
agonist and an antagonist.

[0081] By “pharmacecutically acceptable,” as used herein, refers a material, such as a carrier
or diluent, which does not abrogate the biological activity or propertics of the compound, and 18
relatively nontoxic, 1.¢., the material may be administered to an individual without causing
undesirable biological effects or interacting in a deleterious manner with any of the components
of the composition 1n which 1t 1s contained.

[0082] The term “pharmaceutically acceptable salt” of a compound, as used herein, refers to

a salt that 1s pharmacecutically acceptable.
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[0083] The term “pharmaceutical combination™ as used herein, means a product that results
from the mixing or combining of more than one active ingredient and includes both fixed and
non-fixed combinations of the active ingredients. The term “fixed combination” means that the
active ingredients, €.g. a compound of Formula (1) and a co-agent, are both administered to a
patient stmultancously in the form of a single entity or dosage. The term “non-fixed
combination” means that the active ingredients, ¢.g. a compound of Formula (1) and a co-agent,
arc administered to a patient as separate entities either simultancously, concurrently or
sequentially with no specific intervening time limits, wherein such administration provides
cttective levels of the two compounds 1n the body of the patient. The latter also applies to
cocktail therapy, ¢.g. the administration of three or more active ingredients.
[0084] The term “pharmaceutical composition,” as used herein, refers to a mixture of an
active compound or compounds with other chemical components, such as carriers, stabilizers,
diluents, dispersing agents, suspending agents, thickening agents, and/or excipients.
[0085] The term “subject” or “patient” encompasses mammals and non-mammals.
Examples of mammals include, but are not limited to, any member of the Mammalian class:
humans, non-human primates such as chimpanzees, and other apes and monkey species; farm
animals such as cattle, horses, sheep, goats, swine; domestic animals such as rabbits, dogs, and
cats; laboratory animals including rodents, such as rats, mice and guinea pigs, and the like.
Examples of non-mammals include, but are not limited to, birds, fish and the like. In one
embodiment of the methods and compositions provided herein, the mammal 1s a human.
[0086] The terms “treat,” “treating’” or “treatment,” as used herein, include alleviating,
abating or ameliorating a disecase or condition symptoms, preventing additional symptoms,
ameliorating or preventing the underlying metabolic causes of symptoms, inhibiting the discase
or condition, ¢.g., arresting the development of the disease or condition, relieving the disecase or
condition, causing regression of the disease or condition, relieving a condition caused by the
disease or condition, or stopping the symptoms of the disease or condition.
Hlustrative Biological Activity

Androgen receptor (AR)

[0087] Androgens bind to a specific receptor, the androgen receptor (AR), inside the cells of
target tissues. The AR 1s expressed 1n numerous tissues of the body and 1s the receptor through
which the physiological as well as the pathophysiological effects of endogenous androgen
ligands, such as testosterone (T) and dihydrotestosterone (DHT), are expressed. Structurally, the
AR 1s composed of three main functional domains: the ligand binding domain (LBD), the DNA -
binding domain, and amino-terminal domain. A compound that binds to the AR and mimics the

cttects of an endogenous AR ligand 1s referred to as an AR agonist, whereas a compound that
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inhibits the effects of an endogenous AR ligand 1s termed an AR antagonist. Binding of
androgen to the receptor activates 1t and causes 1t to bind to DNA binding sites adjacent to target
genes. From there 1t interacts with coactivator proteins and basic transcription factors to regulate
the expression of the gene. Thus, via 1ts receptor, androgens cause changes 1n gene expression 1n
cells. These changes ultimately have consequences on the metabolic output, differentiation or
proliferation of the cell that are visible 1n the physiology of the target tissue. In the prostate,
androgens stimulate the growth of prostate tissue and prostate cancer cells by binding to the AR
that 1s present within the cytoplasm of androgen sensitive tissue.

[0088] Compounds which selectively modulate AR are of clinical importance in the
treatment of or prevention of a variety of diseases and conditions, including, but not limited to,
prostate cancer, benign prostatic hyperplasia, hirsutism in women, alopecia, anorexia nervosa,
breast cancer, acne, musculoskeletal conditions, such as bone disease, hematopoietic conditions,
neuromuscular disease, rheumatological disease, cancer, AIDS, cachexia, for hormone
replacement therapy (HRT), employed in male contraception, for male performance
enhancement, for male reproductive conditions, and primary or secondary male hypergonadism.

Castration Resistant Prostate Cancer

[0089] Agents that block the action (antiandrogens) of endogenous hormones (¢.g.,
testosterone) are highly effective and routinely used for the treatment of prostate cancer
(androgen ablation therapy). While imitially effective at suppressing tumor growth, these
androgen ablation therapies eventually fail in almost all patients, leading to “castration resistant
prostate cancer” ("CRPC"). Most, but not all, prostate cancer cells initially respond to androgen
withdrawal therapy. However, with time, surviving populations of prostate cancer cells emerge
because they have responded to the selective pressure created by androgen ablation therapy and
ar¢c now refractory to it. Not only 1s the primary cancer refractory to available therapies, but
cancer cells may also break away from the primary tumor and travel 1n the bloodstream,
spreading the discase to distant sites (especially bone). Among other effects, this causes
significant pain and further bone fragility.

[0090] It 18 contemplated that CRPC cells survive 1n an environment characterized by low
levels of circulating androgens by amplifying at least three different pathways to enhance the
response to the intracellular androgens that remain available. These include: (1) Up-regulation of
the expression of the AR, which increases AR copy number and hence the sensitivity of the cells
to low levels of circulating androgen induced by medical castration therapy; (2) Increase 1n the
expression of enzymes imnvolved 1n the importation of androgens that remain 1n cells after
androgen deprivation therapy; (3) Increase 1n the expression of genes that regulate

steroidogenesis, permitting the CRPC cells to synthesize their own androgens. A critical enzyme
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in the steroidogenic pathway 1s cytochrome Ci7,-hydroxylase/Ci720-lyase (CYP17), the enzyme
that controls androgen production in the adrenals, testes, and prostate.

[0091] Described herein, 1in certain embodiments, are compounds, methods of making such
compounds, pharmaceutical compositions and medicaments comprising such compounds, and
methods of using such compounds to treat androgen receptor mediated diseases or conditions
including, but not limited to, prostate cancer, benign prostatic hyperplasia, hirsutism in women,
alopecia, anorexia nervosa, breast cancer, acne, musculoskeletal conditions, such as bone
disease, hematopoietic conditions, neuromuscular disecase, rheumatological disease, cancer,
AIDS, cachexia, for hormone replacement therapy (HRT), employed in male contraception, for
male performance enhancement, for male reproductive conditions, and primary or secondary
male hypogonadism. In some embodiments, the androgen receptor mediated disease or condition
1S prostate cancer. In certain embodiments, the prostate cancer 1s castration resistant prostate
cancer.

[0092] Described herein, in certain embodiments, are compounds, pharmaceutical
compositions, and medicaments comprising such compounds, and methods of using such
compounds that decrease androgen biosynthesis, decrease androgen receptor signaling and
decrease androgen receptor sensitivity.

[0093] In one aspect, the compounds, pharmaceutical compositions and medicaments
comprising such compounds, and methods of using such compounds decrease androgen
biosynthesis. In some embodiments, the compounds disclosed herein inhibit the activity of
enzymes that controls androgen production. In certain embodiments, the compounds disclosed
herein inhibit the activity of cytochrome Ci74-hydroxylase/Cy70-lyase (CYP17).

[0094] In one aspect, the compounds, pharmaceutical compositions and medicaments
comprising such compounds, and methods of using such compounds decrease androgen receptor
signaling. In some embodiments, the compounds disclosed herein bind to the AR and are a
competitive inhibitor of testosterone binding.

[0095] In one aspect, the compounds, pharmaceutical compositions and medicaments
comprising such compounds, and methods of using such compounds decrease androgen receptor
sensitivity. In some embodiments, the compounds disclosed herein reduce the content of AR
protein within the cell and diminish the ability of the cell to be sustained by low levels of
androgenic growth signals. In certain embodiments, the compounds disclosed herein are formed
in vivo after administration of a drug to a subject.

Compounds

0096] Compounds of Formula (1), pharmaceutically acceptable salts, pharmaceutically

acceptable N-oxides, pharmaceutically active metabolites, pharmaceutically acceptable prodrugs,
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pharmaceutically acceptable polymorphs and pharmaceutically acceptable solvates thereof,
modulate the activity of steroid hormone nuclear receptors and, as such, are useful for treating

androgen receptor mediated diseases or conditions.

(1)

[0097] In compounds of Formula (1), the ABCD ring structure 1s the “A”, “B”, “C” and “D”
ring portions of a steroid or an analog thercof, which are optionally substituted; X 1s glucuronido,
glucuronato, O-linked sulfate, OH or O; and wherein the dashed lines can be taken at each
occurrence independently to be double or single bonds, such to make a valence satisfied and
stable molecule.
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