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C19 SCAFFOLDS AND STEROIDS AND
METHODS OF USE AND MANUFACTURE
THEREOFK

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority to U.S.
Provisional Patent Application No. 62/728,163, filed on Sep.
7, 2018, to U.S. Provisional Patent Application No. 62/829,
722, filed on Apr. 5, 2019, and to U.S. Provisional Patent

Application No. 62/833,291, filed on Apr. 12, 2019, the

entire contents of which are fully incorporated herein by
reference.

L1

SEARCH OR

FEDERALLY SPONSORED R
DEVELOPMENT

[0002] This invention was made with government support
under RO1 GMO0O80266 awarded by the National Institutes of
Health. The government has certain rights 1n the mnvention.

FIELD OF THE INVENTION

[0003] The present disclosure provides concise synthetic
methods for accessing stereodefined carbocycles that con-
tain quaternary centers at one or multiple ring fusions,
compounds accessible by such synthetic methods, and meth-
ods of using such compounds to treat a disease, such as a
brain tumor and, particularly, a glioma.

BACKGROUND OF THE INVENTION

[0004] Steroids and tetracyclic terpenoids (more broadly),
including unnatural variants, have had a transformative
impact on medicine and society, playing vital roles as oral
contraceptives, treatments for cancer (including anti-angio-
genic agents), heart failure, inflammation, pain, and trau-
matic brain injuries, among others, and natural molecules in
this class have served as important chemical precursors in
drug discovery and development. Despite this rich history,
substantial barriers persist that greatly limit the types of
synthetic compositions of matter in this broad area of
chemical space that can elliciently be prepared and explored
as potential medicines and biological tools/probes.

[0005] Presently available synthetic and semisynthetic
routes to molecules 1n this class are often complex, metli-
cient, and/or wholly incapable of producing advantageous
collections (1.e., libraries) of highly oxygenated/functional-
1zed target compositions necessary for advancement through
modern drug development. Indeed, efficient de novo syn-
thesis of “steroidal” systems, or tetracyclic terpenoid-in-
spired compositions of matter, remains a challenging prob-
lem in chemistry.

[0006] All of the more than 100 FDA-approved drugs in
this area of chemical space are of the natural enantiomer
(specific reference being made to the absolute stereochem-
1stry at C13 of the steroidal skeleton)—a fact that 1s certainly
influenced by the manner in which such compounds are
prepared. In fact, 1t 1s typical that medicinal agents 1n this
class are synthesized from naturally occurring steroids. As
compared to steroidal compositions of matter that have the
natural absolute stereochemistry at C13 (“nat-steroids™),
synthetic ent-steroidal compounds (defined by an unnatural
absolute stereochemistry) have complementary three-di-
mensional structures while offering similar “drug-like”
physical properties. As a result, synthetic ent-steroids are
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privileged natural product-inspired scatfolds of great poten-
tial therapeutic relevance, and are distinct compositions in

comparison to their natural isomers. (See, Akwa, Y., et al.,
Proc. Natl. Acad. Sci. U.S.A., 98, 14033-14037 [2001];

Green, P. S., et al., Endocrinology, 142, 400-406 [2001];
Biellmann, J. F., Chem. Rev., 103, 2019-2033 [2003];
Covey, D. F., Steroids, 74(7):577-585 [2009]; and Petut, G.
H., et al., Eur. Neuropsychopharmacol., 21, 211-215
[2011]). However, investigations of the unnatural enantiom-
ers of steroid-inspired compounds have been hampered 1n
the past due to the great dithiculty associated with preparing/
accessing such compositions of matter. While semisynthetic
routes to nat-steroids (1.e., those beginning with a readily
available steroid or related natural product) have been
incredibly powertful, such preparative methods are not suit-
able for producing non-naturally occurring ent-steroids
because the starting material possesses a mirror 1mage
backbone inherent to natural molecules i1n the class. In
summary, ent-steroids are an important class of privileged
pharmaceutical drug-like molecules that presently cannot be
tully leveraged in biological and pharmaceutical research
cllorts because these molecules are not readily available
from natural sources and existing chemical synthesis path-
ways are ineflicient and not flexible enough to produce
diverse collections of such molecules suitable for drug
discovery and development.

[0007] A practical method for eflicient and stereospecific
production of ent-steroids, as well as other unnatural ste-
reoisomers and simply unique compositions of matter within
the broad class of tetracyclic terpenoids, would enable
scientists and physicians to better exploit the as yet untapped
potential of new molecules within this pharmaceutically-
privileged class (including ent-steroids) as useful tools and
therapeutics. In fact, even within the nat-steroid family of
potential medicines, the current state-oi-the-art that relies
heavily on semisynthesis (where synthesis proceeds from a
readily available natural product) comes with significant
limitations based on the structure of the abundant and
readily available natural material (e.g., level of unsaturation,
density of oxygenation, and degree of substitution of the
starting material). As such, even with state-oi-the-art
approaches, vast regions ol privileged chemical space for
medicinal science remain difficult to explore. Accordingly,
what 1s needed are eflicient and step-economical (i.e., con-
cise), tlexible, convergent, and enantiospecific methods of
synthesizing synthetic nat- and/or ent-steroids having vary-
ing sterecochemistry and substitution, and/or functionality
that facilitates subsequent molecular perturbation processes
(1.e., manipulation of functionality in each ring of the
characteristic tetracyclic nucleus) at research and/or produc-
tion scale.

[0008] One example of a target for steroid and steroid-like
compounds are estrogen receptors (ERa and ERp), both of
which can play roles 1n cancer.

[0009] Gliomas (Grade I-1V) are lethal primary brain
tumors that make up eighty percent of all malignant brain
tumors and about thirty percent of all central nervous system
tumors. Low-grade gliomas (grade 1 & II) increase 1n time

to become high-grade gliomas (Grade III & IV). These recur
in more than 90% of cases and have a median survival rate
of 14 months and a 5-year survival rate of less than 10%.
They harbor diverse oncogenes and mutated tumor-suppres-
sor genes whose pattern of alteration and expression vary
considerably from tumor to tumor.
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[0010] Most gliomas, however, express elevated levels of
a particular estrogen receptor (ER) subtype, ER[. Two
subtypes ol estrogen receptors, ERa and ERp, have been
identified. In spite of their significant sequence homology,
there are notable differences in distribution and function of
these receptors: ERa 1s predominantly expressed in bone,
breast, prostate (stroma), uterus, ovary (thecal cells) and
brain, whereas ERp 1s usually present in ovary (granulose
cells), bladder, colon, immune, cardiovascular and nervous
systems. ERa activation 1s responsible for the classic func-
tion of estrogen, including uterine stimulation. ER3 activa-
tion may have anti-proliferative eflects, including in many
cancer types. Indeed, ER} 1s an established tumor suppres-
sor 1n several cancers; higher expression of ERP 1s corre-
lated to a better prognosis, and ERp agonists induce apop-
tosis. Nevertheless, despite the tumor suppressive role of
ERp, 173-estradiol (a potent but unselective agonist of ERa
and ERP) 1s not used as a therapy against gliomas as
long-term treatment because 1t can result 1 cancers of the
female reproductive system and prostate cancer in men.
Thus, a selective ERP agonist may be able to suppress
cancer cell proliferation without stimulating the uterus.
[0011] However, the two subtypes of estrogen receptors
are almost 1dentical, with only two residues differing 1n the
ligand binding pockets. Therefore, there 1s a significant
challenge 1n obtaining subtype-selective ligands. For
example, erteberel 1s a non-steroidal ER} agonist that has
been investigated and/or considered for the treatment of
schizophrenia, benign prostatic hyperplasia, and glioblas-
toma. Erteberel has 14-fold binding selectivity for ER[3 over
ERa (Ki=0.19 nM versus 2.68 nM, respectively) and
32-fold functional selectivity for activation of ER[} over
ERa (EC.,=0.66 nM versus 19.4 nM, respectively). How-
ever, erteberel’s profile 1s insuflicient for 1n vivo selectivity,
being well recognized as an agonist of both ERp and ERc.
in vivo and, consequently, has been described as producing
ellects such as suppression of gonadal testosterone produc-
tion 1n men. Accordingly, what 1s needed are new highly
selective ERp agonists. Indeed, there 1s a dire need for novel
drugs that selectively target ER3, and in particular highly
selective ER[3 agonists, to, for example, treat gliomas
(among other cancers).

SUMMARY OF THE INVENTION

[0012] The present disclosure relates to methods for pro-
ducing stereodefined polycyclic ring compounds, including
ecnantiodefined systems, through unique intermediates, syn-
thesis strategies, and chemical reactions. More particularly,
the present disclosure provides synthetic methods for pro-
ducing a natural product-inspired complex polycyclic tetra-
cycle, including, but not limited to, a compound having a
“C19 steroidal scaflold.” As used herein, the term “C19
steroidal scaflold” includes not only steroids, and com-
pounds that could be defined as steroidal, that have 19
carbon atoms, but also includes compounds having addi-
tional carbon atoms, including, but not limited to C20, C21,
C22, C23, C24, C25, C26, C27, C28, C29, C30, or C31
compounds. In certain embodiments, the methods involve a
stereoselective intramolecular formation of the C9-C10
bond (for example, with a Friedel-Crafts alkylation, a Heck
reaction, or a radical cyclization). In certain embodiments,
the methods 1nvolve a stereospecific oxidative dearomatiza-
tion that occurs with 1,2-migration (from the steroidal C9
carbon to the steroidal C10 carbon).
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[0013] The present disclosure also relates to steroidal
compounds, including molecules with natural (*nat-"") abso-
lute stereochemistry and compounds with unnatural (*‘ent-"")
absolute stereochemistry, as well as synthetic variants based
on such skeletons. In certain embodiments, the compounds
have a C19 steroidal scaffold. In other embodiments, com-
pounds having a C19 steroidal scaflold enable access to
further compounds based on, or dernived from, the CI19
scaflold, such as non-natural antipodes of synthetic agents
related to natural terpenoids (1.e., steroids, limonoids, buia-
dienolides, etc.). In certain embodiments, the compounds are

synthetic C9-a and C9-f3-alkyl as well as C10-o. and C10-
B3-alkyl steroidal tetracycles.

[0014] The present disclosure also relates to the use of
such compounds as biologically active (e.g., therapeutic)
components 1n, for example, pharmaceutical compositions
and/or directly as human and/or animal therapeutics and
medicines. In certain embodiments, the compounds are ERp
selective agonists and/or may be used to treat or prevent
conditions, disorders, or diseases such as cancer (e.g., breast
cancer, prostate cancer, ovarian cancer, acute myeloid leu-
kemia, and glioma, among others) or neurodegeneration.
Currently there 1s no widely applicable cure for primary
brain tumors. The compounds disclosed herein (e.g., Com-
pounds 100 and 101) are potent and highly selective agonists
of the Estrogen Receptor beta (ER[3) that inhibit growth of
human glioblastoma cell lines as well as primary glioma
tumor cells from patients.

[0015] In one aspect, this disclosure provides a method for
treating a brain tumor by administering a compound dis-
closed herein or a pharmaceutically acceptable salt or prod-
rug thereof to a patient 1n need thereof. In some embodi-
ments, the compound 1s Compound 100. In some
embodiments, the compound 1s Compound 101. In some
embodiments, the brain tumor 1s a glioma. In some embodi-
ments, the compound 1s administered orally.

[0016] The compounds, pharmaceutical compositions
comprising the compounds, and methods for treating or
preventing conditions, disorders, or diseases by administer-
ing the compounds are further described herein.

[0017] These and other objects of the invention are
described in the following paragraphs. These objects should
not be deemed to narrow the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a better understanding of the invention, refer-
ence may be made to embodiments shown 1n the following
drawings. The components in the drawings are not neces-
sarily to scale and related elements may be omitted, or 1n
some 1nstances proportions may have been exaggerated, so
as to emphasize and clearly illustrate the novel features
described herein. In addition, system components can be
variously arranged, as known 1n the art.

[0019] FIG. 1 1s a set of line graphs showing the results of
ERp and ERc. agonist assays for Compounds 100 and 101.

[0020] FIG. 2 1s a bar graph showing alkaline phosphatase
activity 1n human DU-145 prostate cancer cells (17[3-estra-
diol, Compound 100, and Compound 101 were evaluated at
S uM).

[0021] FIG. 3A-3B are line graphs depicting (A) dose
dependent growth inhibition of U231 and U87 cells treated
with Compound 100, Compound 101, TMZ, and vehicle
control DMSO (n=4) and (B) viable cell counts of U251 and
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UR7 cells treated with Compound 100, Compound 101,
TMZ, and vehicle control DMSO determined every 24 hours
for 96 hours (n=4)

[0022] FIG. 3C 1s a flow cytometric analysis of U251 and
UR7 co-stained with Annexin V-FITC/7-AAD after treat-
ment with Compound 100, Compound 101, TMZ, and
vehicle control DMSO (n=4).

[0023] FIG. 3D depicts phase-contrast images using
Incucyte for live cell tracking of U251 and U87 cells 1n
response to treatment with Compound 100, Compound 101,
TMZ, and vehicle control DMSQO. Live cells were tracked
and 1maged for 96 hours (data not shown). Scale bar=300
um. All data in FIG. 3A-3D are representative of four
independent experiments and four replicates of each treat-
ment condition were analyzed per experiment.

DESCRIPTION OF THE INVENTION

[0024] This detailled description i1s intended only to
acquaint others skilled 1n the art with the present invention,
its principles, and 1ts practical application so that others
skilled 1n the art may adapt and apply the invention in 1ts
numerous forms, as they may be best suited to the require-
ments of a particular use. This description and 1ts specific
examples are intended for purposes of illustration only. This
invention, therefore, 1s not limited to the embodiments
described 1n this patent application, and may be variously

modified.

[0025] In certain aspects, the present disclosure relates to
compounds (and methods of making such compounds, com-
positions comprising such compounds, and methods of
using such compounds) comprising a generic tetracyclic
steroidal (A, B, C, D) ring structure, as follows:

[0026] More particularly, the present disclosure relates to
compounds (and methods of making such compounds, com-
positions comprising such compounds, and methods of
using such compounds) comprising a generic C19 steroidal
core skeleton of Formula (I) or Formula (II), where addi-
tional substitution about these base structures 1s intended to
be within the scope of the mvention:

(D
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-continued
(1I)

18

[0027] In one aspect, this disclosure provides a composi-
tion comprising a collection of synthetic stereoisomers hav-
ing a chemical structure including a C19 steroidal core
skeleton of Formula (I), said C19 steroidal core skeleton
having a quaternary center at each of carbon C9 and carbon
C13, including stereoisomeric varnation among the collec-
tion of synthetic stereoisomers; wherein the composition
comprises greater than about 70%, alternatively greater than
about 75%, alternatively greater than about 80%, alterna-
tively greater than about 85%, alternatively greater than
about 90%, or alternatively greater than about 95% of a

single C9/C13 stereoisomer relative to other C9/C13 ste-
reo1Somers.

[0028] In certain embodiments, the single C9/C13 stereoi-
somer 1s a diastereomer of a natural compound. In certain
embodiments, the single C9/C13 stereoisomer 1s an enan-
tiomer of a natural compound.

[0029] In another aspect, this disclosure provides a com-
position comprising a collection of synthetic stereoisomers
having a chemical structure including a C19 steroidal core
skeleton of Formula (II), said C19 steroidal core skeleton
having a quaternary center at each of carbon C10 and carbon
C13, including stereoisomeric variation among the collec-
tion of synthetic sterecoisomers; wherein the composition
comprises greater than about 70%, alternatively greater than
about 75%, alternatively greater than about 80%, alterna-
tively greater than about 85%, alternatively greater than
about 90%, or alternatively greater than about 93% of a

single C10/C13 stereoisomer relative to other C10/C13
stereo1somers.

[0030] In certain embodiments, the single C10/C13 ste-
reoisomer 1s a diastereomer of a natural compound. In

certain embodiments, the single C10/C13 stereoisomer 1s an
enantiomer of a natural compound.

[0031] In certain embodiments, the single C10/C13 ste-
reoisomer has a chemical structure including Formula (A-1),

Formula (A-2), Formula (A-3), or Formula (A-4):

(A-1)
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-continued
(A-2)
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[0032] The C19 steroidal core skeleton depicted above
encompasses, inter alia, a C20 steroidal core skeleton, such
as:

18

16 or

where the dashed bond between C15 and C20 represents an
optional bond forming a fused cyclopropane.

[0033] The numbering convention throughout the present
disclosure 1s 1n accordance with numbered structures above.

[0034] In reference to the generic tetracyclic steroidal (A,
B, C, D) ring structure and the generic C19 and C20
steroidal core skeletons, it will be well appreciated that 1n
view ol the disclosure contained herein as well as the
teachings 1n the relevant fields of art, the compounds,
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compositions, and methods of the present disclosure are not
limited to any particular respective constituent (R) group(s)
at the various numbered carbon atoms. For example, an R
group may be hydrogen, a C,_,,-aliphatic group, a C_,,
aromatic group, carboxylic acid, carboxylic acid ester,
hydroxyl, or halogen. Moreover, it will be well appreciated
that in view of the disclosure contained herein as well as the
teachings 1n the relevant fields of art, the compounds,
compositions, and methods of the present disclosure may
comprise ones 1n which the A ring can be saturated, partially
unsaturated, or completely unsaturated (i.e., aromatic); like-
wise, the B ring can be saturated, partially unsaturated, or
completely unsaturated.

A. Definitions

[0035] As used in the specification and the appended
claims, unless specified to the contrary, the following terms
have the meaning indicated:

[0036] The term “about” as used herein, means approxi-
mately, and 1n most cases within 10% of the stated value.

[0037] The term “aliphatic” as used herein, includes both
saturated and unsaturated, nonaromatic, straight chain (1.e.,
unbranched), branched, acyclic, and cyclic (1.e., carbocy-
clic) hydrocarbons. In some embodiments, an aliphatic
group 1s optionally substituted with one or more functional
groups. In some embodiments, one or more units (e.g.,
methylene units) of an aliphatic may be replaced with

O—, —NR"—, —C(O)—, or —S(O)n-, where R" 1s
hydrogen or C, (-alkyl and n 1s 0, 1, or 2. As will be
appreciated by one of ordinary skill in the art, “aliphatic™ 1s
intended herein to include alkyl, alkenyl, alkynyl, cycloal-
kvyl, and cycloalkenyl moieties.

[0038] The term “brain tumor™ includes a glioma, such as
an astrocytoma, glioblastoma, ependymoma (e.g., anaplastic
ependymoma or myxopapillary ependymoma), oligodendro-
glioma (e.g., anaplastic oligodendroglioma or anaplastic
oligoastrocytoma), and all gliomas classified under WHO

Grade 1 to Grade 4.

[0039] The term “pharmaceutically acceptable” 1s used
adjectivally to mean that the modified noun 1s appropriate
for use as a pharmaceutical product for human use or as a
part of a pharmaceutical product for human use. The term
“prodrug™ refers to a compound that can be readily con-
verted (e.g., metabolized) 1 vivo to yield a parent com-
pound. Prodrugs include, but are not limited to, compounds
having a substituent, such an ester moiety, attached to a
hydroxy group at C3 (steroid numbering), which vyield a
parent compound having a phenolic A ring upon 1n vivo
conversion, Suitable (C3 substituents are identified 1n
US2007/0015740 Al which 1s herein incorporated by ref-
erence 1n 1ts entirety. Exemplary ester moieties include, but
are not limited to, an alkyl ester (e.g., —O—C, _-alkyl), a
carbonate ester (e.g., —O—C(O)—0—C,_,,-alkyl), a car-
bamate ester (e.g., —O—C(O)—NR“'R*?), and a sulfamate
ester (e.g., —O—S(0),NR“'R“?). Additionally or alterna-
tively, prodrugs may have a substituent, such as an option-
ally substituted 5- to 10-membered heteroaryl, attached to
carbon C17 (steroid numbering), such as those identified 1n
US2014/0371181 A1, which 1s herein incorporated by ref-
erence 1n its entirety. Prodrugs also include, but are not
limited to, di-steroidal prodrugs such as those disclosed 1n
U.S. Pat. No. 7,067,505, which 1s herein incorporated by

reference in 1ts entirety.
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[0040] The terms “treat”, “treating” and “treatment” refer
to a method of alleviating or abrogating a condition, disor-
der, or disease and/or the attendant symptoms thereof.

B. Synthetic Methods and Intermediate Compounds

[0041] In one aspect, the present disclosure provides: (1)
a stereoselective intramolecular reaction to forge the steroi-
dal C9-C10 bond (for example, by Friedel-Craits reaction,
Heck reaction, or radical cyclization) and/or (2) an oxidative
dearomatization reaction that 1s terminated by a suprafacial
1,2-shift, 1n some cases also including loss of a proton, to
deliver a fused polycyclic system containing a quaternary
center at the ring fusion (at the steroidal C10 carbon). In
certain embodiments, the present disclosure provides syn-
thetic methods that allow for the enantiospecific construc-
tion of a C19 steroidal core skeleton, preferably from an
inexpensive, commercially available starting material, such
as epichlorohydrin. In certain embodiments, the present
disclosure provides synthetic methods that enable access to
non-natural antipodes of synthetic agents related to natural
terpenoids (1.e., steroids, limonoids, bufadienolides, etc.).

[0042] In one aspect, the present disclosure provides a
method for manufacturing a tetracyclic compound. In cer-
tain embodiments, the method comprises a step of convert-
ing an unsaturated hydrindane to a steroidal tetracycle by
intramolecular formation of the C9-C10 bond (for example,
by Friedel-Crafts, Heck, or radical cyclization reaction). In
some such embodiments, the converting step 1s carried out
in the presence of a chiral catalyst or reagent. In certain
embodiments, the method comprises shifting a substituent of
a steroidal tetracycle from C9 to C10.

[0043] In one aspect, the present disclosure provides a
method for converting an unsaturated hydrindane to a ste-
roidal tetracycle. In certain embodiments, the unsaturated
hydrindane has a structure corresponding to:

(R'%)3

OH.

NN

“~

RY),

In certain embodiments, the unsaturated hydrindane 1s con-
verted to the steroid tetracycle by a Heck reaction or radical
cyclization.

[0044] In another aspect, the present disclosure provides a
method for converting a silyl-substituted hydrindane to a
steroidal tetracycle. The following general scheme 1s repre-
sentative of a particular embodiment of the method:
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R'%);3
M
OH ——
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RP);3
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(R'%)3
(R")3
OH.
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N/ A~
(RA)H/
[0045] In certain embodiments, M represents an organo-

silicon, or alternatively an organotin or organogermaniuim,
substituent. In certain embodiments, M is —Si(R*),.
[0046] In certain embodiments, a tandem acid-mediated
reaction 1s employed to induce protodesilylation at C11
(steroid numbering) and initiate a site- and stereoselective
intramolecular Friedel-Cratts alkylation to generate the ste-
roidal tetracycle. It 1s understood that substitution at C6 or
C’7 may be tolerated, 11 not preferred, not only for varying
the biological profile of the molecules produced, but also for
controlling the stereoselectivity of the ring-forming event.
[0047] In certain embodiments, the method 1s carried out
in the presence of a catalyst or reagent, such as a Bronstead
or Lewis acid. Examples of catalysts include one or more
halides (e.g., chlorides, bromides, fluorides or 1odides) of a
transition metal (e.g., 1ron, aluminum, antimony, tin, or
titanium). Specific examples of catalysts include, but are not
limited to, SbCl., SnCl,, and TiCl,, and these may be used
in the presence of a proton source like an alcohol or phenol.
[0048] In certain embodiments, the catalyst or reagent 1s a
chiral catalyst or reagent. In some such embodiments, the
chiral catalyst or reagent 1s 1,1'-B1-2-naphthol (Binol) or a
Binol denivative. In some such embodiments, the chiral
catalyst or reagent 1s (R)-Binol or (5)-Binol, used 1n com-
bination with a Lewis acid including SnCl,.

[0049] Use of one enantiomer ol Binol as the chiral
catalyst or reagent may bias the reaction to favor a particular
enantiomeric or diastereomeric tetracycle. For example,
when (R)-Binol 1s employed with a particular enantiomer of
the hydrindane starting material, as in Example 1-1, the
reaction proceeds to deliver the Steroid 4 with very high
levels of diastereoselection (>20:1).

[0050] In certain embodiments, the stereoselectivity of the
method 1s tuned by utilizing a single enantiomer of a chiral
catalyst or reagent, and/or protecting/removing free hydroxy
groups present 1n the cyclization substrate.

[0051] In certain embodiments, the method (e.g., includ-
ing an appropriate cyclization step as described herein)
produces a stereoisomer with high selectivity (i.e., dr >10:1
and even >20:1). In some such embodiments, the method
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produces a composition having at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, or at least 99%

diastereomeric purity. In some such embodiments, the
method does not include a chiral purification step (e.g.,
resolution by crystallization or chromatography). In some
such embodiments, the method produces a composition
having at least 85% of one diastereomer and not more than
15% of any other diasterecomer. In some such embodiments,
the method produces a composition having at least 90% of
one diastereomer and not more than 10% of any other
diastereomer. In some such embodiments, the method pro-
duces a composition having at least 95% of one diaste-
reomer and not more than 5% of any other diasterecomer. In
some such embodiments, the method produces a composi-
tion having at least 97% of one diastereomer and not more
than 3% of any other diastereomer. In some such embodi-
ments, the method produces a composition having at least
99% of one diasterecomer and not more than 1% of any other
diastereomer. In certain embodiments, a chiral purification
step may be employed to access enantioenriched/pure prod-
ucts as needed based on the optical purity of the chiral
intermediates employed. In certain embodiments, the
method employs an optically pure starting material. Thus, in
certain embodiments, the desired purity can be achieved
without the use of a chiral purification step.

10052]

an enantioenriched hydrindane (for example, prepared from
an mexpensive chiral starting material like epichlorohydrin)

In certain embodiments, the method proceeds with

and produces a composition having at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, or at least 99%
enantiomeric purity. In some such embodiments, the method
does not include a chiral purification step (e.g., resolution by
crystallization or chromatography). In some such embodi-
ments, the method produces a composition having at least
85% of one enantiomer and not more than 15% of the other
enantiomer without employing a chiral purification step. In
some such embodiments, the method produces a composi-
tion having at least 90% of one enantiomer and not more
than 10% of the other enantiomer without employing a
chural purification step. In some such embodiments, the
method produces a composition having at least 95% of one
enantiomer and not more than 5% of the other enantiomer
without employing a chiral purification step. In some such

embodiments, the method produces a composition having at
least 97% of one enantiomer and not more than 3% of the
other enantiomer without employing a chiral purification
step. In some such embodiments, the method produces a
composition having at least 99% of one enantiomer and not
more than 1% of the other enantiomer without employing a
chiral purification step. In certain embodiments, a chiral
purification step may be employed to removal residual
enantiomeric impurities or to resolve a racemic product (for
example, a diasterecomerically enriched, or pure, product
derived from a racemic starting material).

[0053] The following general scheme 1s representative of
a particular embodiment of the method and allows {for
concise and stereoselective synthesis of “C19” tetracyclic
compounds:
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R1);
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Hydrindane (a)
(R');
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L'f:,f |||||||[)I]§?:D
f\/
RA0
RA
Steroid (a)-syn
[0054] Step (1) 1s a metallacycle-mediated annulation reac-

tion between readily available Enyne (a) and an optionally
substituted alkyne (e.g., in the presence of Ti(O1-Pr),,
n-Bul.i, and PhMe) to provide Hydrindane (a), which pos-
sesses the C13 quaternary center. While step (1) depicts an
optionally substituted trimethylsilypropyne, alternative
compounds such as those having a simple internal alkyne
(without a TMS) or an alternative to the silyl group (or
stannyl group, for example) on the alkyne may also be used.
[0055] Step (11) 1s a diastereoselective cyclization, which
may comprise acid-mediated protodesilylation, followed by
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a second regioselective protonation of the diene to deliver a
presumed transient fully substituted allylic cation interme-
diate (not depicted), and intramolecular regio- and stereo-
selective Friedel-Craits alkylation to establish the fused C19
tetracyclic compounds named in the Scheme as “Steroid
(a)-ant1” and “‘Steroid (a)-syn”.

[0056] In one aspect, the present disclosure provides a
method for shifting a substituent of a steroidal tetracycle
from C9 to C10. The following general scheme 1s represen-
tative of a particular embodiment of the method:

R4,

C L

RY),

[0057] In certain embodiments, an oxidative rearrange-
ment marked by a 1,2-alkyl shift from C9 to CIl0 1s
employed. In some such embodiments, concomitant estab-
lishment of an A-ring dienone 1s achieved.

[0058] In certain embodiments, the method 1s carried out
in the presence of an oxidant. In certain embodiments, the
oxidant 1s an aryliodine(IIl) carboxylate, such as 1s pheny-

liodo(III)diacetate (PIDA) or (bis(trifluoroacetate )iodo )ben-
zene (PIFA). In some such embodiments, the oxidant is

phenyliodo(III)diacetate (PIDA).

[0059] In one aspect, the present disclosure provides a
method for manufacturing a tetracyclic compound, such as
a compound having the generic C19 steroidal core skeleton
described herein. The method comprises converting a silyl-
substituted hydrindane to a steroidal tetracycle. The method
turther comprises shifting a substituent of the steroidal
tetracycle from the carbon atom at position 9 (C9) to the
carbon atom at position 10 (C10). The following general
scheme 1s representative of a particular embodiment of the
method:

(R'®); ~
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-continued
(RIS)S\
(R')3
OH —»
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Vo

R"®)3 ~
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R4,

[0060] In one aspect, the present disclosure includes inter-
mediate compounds usetul in the preparation of, inter alia,
steroidal tetracycles disclosed herein.

[0061] In one particular aspect, the present disclosure
provides an intermediate compound that has a structure
corresponding to:

(INT-A-1)
(R1%);
R] 1
‘ OH.
/
R')3
/
\/\/
(RY),
(INT-A-2)
(R1%);
‘ OH.
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-continued

(INT-A-3)

(R%)3

(RM)3Si

‘ OH or

R")3

(INT-A-4)

‘ OH.

[0062] In any aspect or embodiment described herein,
variables shown 1n generic schemes and intermediates may
have the following meanings:

[0063] each R is independently selected from the
group consisting of hydrogen, C,_.-alkyl, trimethylsi-
lyl, Cs_,o-aryl, 5- to 10-membered heteroaryl, arylal-
kyl, and —OR™"*, wherein R** is hydrogen, C,_-
alkyl, or C_,,-aryl; and

[0064] X 1s halogen or other functionality suitable for a
Heck reaction or radical cyclization.

[0065] In another particular aspect, the present disclosure
provides an intermediate compound that has a structure
corresponding to:

(INT-B)
(R1%)3

(R™)3 Q
/

RAYO
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-continued
(INT-B')
(R1%)3

(R");

MeQ)

(INT-B")

MeQO

[0066] In certain particular embodiments, the intermediate
compound has a structure corresponding to:

. (INT-B-1)
R
(R™%)3 o
(R')3
‘/\ /
RMO/\/\(
Rﬁ
i (INT-B'-1)
3
RI9), ‘Q
MeQO) |
Rﬁ
) (INT-B"-1)
(R™%)3

O
(R'%); ‘Q
MeO |

C. Exemplary Compounds

[0067] Inone aspect, this disclosure provides a compound,
intermediate, or salt thereof, wherein the compound either
has a structure corresponding to Formula (I-A) or Formula
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(II-A), or could be transformed to such structures by meth-
ods well known to those skilled in the art of synthetic
organic chemistry:

(I-A)

(II-A)

(RY),

[0068] In certain embodiments, the compound either has a
structure corresponding to Formula (I-A') or Formula (II-
A", or could be transformed to such structures by methods
well known to those skilled in the art of synthetic organic
chemistry:

(I-A')

(II-A")

(RY),

[0069] In certain embodiments, the substituents of For-
mula (I-A) or Formula (I-A") attached to carbon C9 and
carbon C13 by vww\» have the same orientation (e.g., both
mmm— or both MY, In certain other embodiments, the
substituents of Formula (I-A) or Formula (I-A'") attached to
carbon C9 and carbon C13 by vwwv have diflerent orien-
tations (e.g., onc == ond the other i ),

[0070] In certain embodiments, the substituents of For-
mula (II-A) or Formula (II-A'") attached to carbon C10 and
carbon C13 by vwww have the same orientation (e.g., both
mmm o1 both NN, In certain other embodiments, the
substituents of Formula (II-A) or Formula (I1I-A') attached to
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carbon C10 and carbon C13 by vwwv have diflerent ori-
entations (e.g., onc == and the other i),

[0071] In some such embodiments, the compound either
has a structure corresponding to Formula (I-Al), (I-A2),
(I-A3), or (I-A4), or could be transformed to such structures

by methods well known to those skilled in the art of
synthetic organic chemaistry:

I-Al)

RITA

[-A2
RITA ( )
RS R 178
R%. |||||||O]§E':D
;‘"ﬂr,;
(RA)H/
(1-A3)
(RY),;
[-A4d
RITA ( )
R ! R17B
Rg i ||||I"3|RJD

(RY),

[0072] In some such embodiments, the compound either

has a structure corresponding to Formula (I-A1.1), (I-A2.1),
(I-A3.1), or (I-A4.1), or could be transtormed to such

structure by methods well known to those skilled 1n the art
of synthetic organic chemistry:

I-Al.1)
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-continued
[-A2.1
RITA ( )
RS R 17B
(RA)H R%’fﬂ, THIT ORD
AN
RAO /L/
. (-A3.1)
R
13
(-A4.1)
Rl 74
RS R 173
(RA)H Rg |||||||ORD_

[0073] In some such embodiments, the compound either
has a structure corresponding to Formula (I1I-A1l), (I1I-A2),
(II-A3), or (II-A4), or could be transtormed to such structure
by methods well known to those skilled in the art of
synthetic organic chemistry:

(II-A1)

(11-A2)

/

it

(II-A3)
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-continued

(1I-A4)
R]?A

R R17B

Rm |||||||ORD_

(RY),

[0074] In some such embodiments, the compound either

has a structure corresponding to Formula (I1I-A1.1), (I1I-A2.

1), (1I-A3.1), or (1I-A4.1), or could be transformed to such
structure by methods well known to those skilled 1n the art
of synthetic organic chemistry:

(II-A1.1)

(II-A2.1)

(I1-A3.1)

(II-A4.1)

[0075] In another aspect, this disclosure provides a com-
pound, intermediate, or salt thereof, wherein the compound
either has a structure corresponding to Formula (III-A), or
could be transformed to such structure by methods well
known to those skilled 1n the art of synthetic organic
chemistry:
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(I1I-A)

[0076] In certain embodiments, the substituents attached

to carbon C10 and carbon C13 by wwwvv have the same
orientation (e.g., both == or both NN, In certain
other embodiments, the substituents attached to carbon C10
and carbon C13 by vwww have different orientations (e.g.,
onc = and the other ),

[0077] In some such embodiments, the compound of For-
mula (III) 1s a synthetic androstane or pregnane, and variants
thereol accessible from such intermediates by methods well
known to those skilled in the art of synthetic organic
chemistry.

[0078] In certain embodiments, the compound either has a
structure corresponding to Formula (III-B), or could be
transformed to such structure by methods well known to

those skilled in the art of synthetic organic chemistry:

(III-B)

[0079] The compound of Formula (III-B) includes a
double bond between carbon C8 and carbon C9 (1.e., 8,9-
unsaturated) and, optionally, (1) a double bond between
carbon C14 and carbon C15 (1.e., 8,9,14,15-unsaturated) or
(11) a double bond between carbon C15 and carbon C16,

provided that 11 the bond between carbon C14 and carbon
C15 is a double bond, then R** is absent.

[0080] In certain embodiments, the substituents of For-
mula (III-B) attached to carbon C10 and carbon C13 by
Yo have the same orientation (e.g., both = o1 hoth
) In certain other embodiments, the substituents of
Formula (III-B) attached to carbon C10 and carbon C13 by

v have different orientations (e.g., onc = a5 the
other N )y,

[0081] In some such embodiments, the compound either
has a structure corresponding to Formula (I1I-1) or Formula
(III-B2), or could be transformed to such structures by
methods well known to those skilled 1n the art of synthetic
organic chemistry:
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(III-B1)

(III-B2)

[0082] In certain embodiments, the compound either has a

structure corresponding to Formula (III-C), or could be
transformed to such structure by methods well known to

those skilled 1n the art of synthetic organic chemistry:

(I11-C)
R13 RITA
Rl?};?

RlﬁA

RlﬁB

[0083] In certain embodiments, the substituents of For-
mula (III-C) attached to carbon C10 and carbon C13 by
W have the same orientation (e.g., both = o hoth
i), In certain other embodiments, the substituents of
Formula (III-C) attached to carbon C10 and carbon C13 by
v have different orientations (e.g., onc = and the
other N ),

[0084] In certain embodiments, the compound either has a
structure corresponding to Formula (I11I-D) or Formula (11I-
E), or could be transformed to such structure by methods
well known to those skilled in the art of synthetic organic
chemistry:

(I1I-D)
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-continued
(111-F)

R13 RITA

[0085] The compound of Formula (III-D) or Formula
(III-E) includes a double bond between carbon C8 and
carbon C9 (1.e., 8,9-unsaturated) and, optionally, a double
bond between carbon C14 and carbon C15 (1.e., 8,9,14,15-
unsaturated). In addition, the compound of Formula (I1I-D)
or Formula (III-E) optionally includes double bonds

between carbon C1 and carbon C2 and/or carbon C4 and
carbon C5.

[0086] In certain embodiments, the substituents of For-
mula (II1-D) or Formula (III-E) attached to carbon C10 and
carbon C13 by v have the same orientation (e.g., both
o1 both NN, In certain other embodiments, the
substituents of Formula (II1I-D) attached to carbon C10 and
carbon C13 by v have different ornentations (e.g.,
s ond the other NN,

[0087] In one particular embodiment, the substituents
attached to carbon C10 and carbon C13 of Formula (I1I-D)

or Formula (III-E) are both in the same ornentation 2(e.g.,
both === ) For example, the compound may have a

structure corresponding to Formula (I11I-D1), Formula (I11I-
D2), Formula (11I-D3), Formula (I11I-D4), Formula (I1I1I-E1),
Formula (III-E2), Formula (I1I-E3), or Formula (11I-E4):

(I1I-D1)

(III-E1)

(I11-D2)

12
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-continued

(I11-E2)
RJTA

R13

(I11-D3)

(I1I-E3)

(I11-D4)

(I11-E4)

[0088] In certain embodiments, the compound may have a

structure corresponding to Formula (I11I-D1), Formula (I11I-
D2), Formula (I1I-D3), Formula (I11-D4), Formula (II1I-E1),

Formula (III-E2), Formula (III-E3), or Formula (II1I-E4),
where R'® is methyl, R'® is methyl, R"™* and R'’“ are
selected from the group consisting of hydrogen, C,_.-alkyl,
hydroxy, C,_.-alkoxy, and —C(O)—C, _,,-alkyl, and R” is
hydrogen or C,_.-alkyl.

[0089] In any aspect or embodiment described herein, a
dashed semi-circle (e.g., representing the A ring) represents
a saturated or unsaturated carbocyclic or heterocyclic ring
containing 5 or 6 carbon ring atoms. In some such embodi-
ments, the A ring 1s optionally substituted benzene. In other
such embodiments, the A ring i1s an optionally substituted
6-membered carbocyclic ring that i1s saturated or partially
unsaturated. In still other such embodiments, the A ring 1s a
5- or 6-membered heterocyclic ring, such as thiophene or
furan.




US 2024/0010670 Al

[0090] In any aspect or embodiment described herein,
variables shown 1n generic structures may have the follow-
Ing meanings:

[0091] n1s aninteger selected from the group consisting,
of 0,1, 2,3,4,5,6,7, and 8;

[0092] m 1s an integer selected from the group consist-
ing of 0, 1, 2, and 3;

[0093] each R® is independently selected from the
group consisting of hydrogen, C,_,,-alkyl, C,_,,-alk-
enyl, C,_,,-alkynyl, C,_,,-haloalkyl, halogen, oxo,
—OR**, —SR*, —S(0),NR“'R**, —S(0O),R™,
—S(0O)R?, —NR“'R**, —N(R“HC(O)R**, —N(R“)
S(O),R**, C._,o-aryl, and 5- to 10-membered het-

croaryl,

[0094] wherein R** is hydrogen, C,_.-alkyl, C,_,,-
alkenyl, C,_,,-alkynyl, C,_,,-haloalkyl, —C(O)—
C, omalkyl, —C(O)—C,_  ,-aryl, —C(O)-het-
eroarvl, —C(O)—0—C,_,,-alkyl, —C(O)—O
Cqjomaryl, —C(O)—O-heteroaryl, —C(O)—

NR“'R“*, —S(O),NR“'R**, —S(0),R*", C,_,,-
aryl, or 5- to 10-membered heteroaryl,

[0095] wherein R** is hydrogen, C, .-alkyl, C,_,,-
alkenyl, C,_,,-alkynyl, C,_,,-haloalkyl, —C(O)—
C,_io-alkyl, —C(O)—C, ,q-aryl, —C(O)-het-
eroaryl, C,_,5-aryl, or 5- to 10-membered heteroaryl,

[0096] wherein each of R*' and R** are indepen-
dently hydrogen, C, .-alkyl, C,_,,-alkenyl, C,_,,-
alkynyl, C,_,,-haloalkyl, C,_,,-aryl, 5- to 10-mem-
bered heteroaryl, hydroxy, or C, _-alkoxy;

[0097] each of R* and R*” are independently selected
from the group consisting of hydrogen, C,_,,-alkyl,
C,_;q-alkenyl, C,_, ,-alkynyl, C, _, ,-haloalkyl, and halo-
gen;

[0098] R° is selected from the group consisting of
hydrogen, C,_,,-alkyl, C,_,-alkenyl, C,_,,-alkynyl,
C,_,o-haloalkyl, and halogen;

[0099] R’ is selected from the group consisting of
hydrogen, C,_,,-alkyl, C,_,,-alkenyl, C,_,,-alkynyl,
C,_;o-haloalkyl, halogen, hydroxy, and oxo;

[0100] R’ is selected from the group consisting of
hydrogen, C,_,,-alkyl, C,_,,-alkenyl, C,_,,-alkynyl,
C,_,o-haloalkyl, halogen, —(CH,)m-C,_,,-aryl, and
—(CH,)_-5- to 10-membered heteroaryl;

[0101] R'® is selected from the group consisting of
hydrogen, C,_,,-alkyl, C,_,,-alkenyl, C,_,,-alkynyl,
C,_,o-haloalkyl, halogen, —(CH,) —C,_,,-aryl, and
—(CH,), -5- to 10-membered heteroaryl;

[0102] R'' is selected from the group consisting of
hydrogen, C,_,,-alkyl, C,_,,-alkenyl, C,_,,-alkynyl,
C,_,o-haloalkyl, halogen, hydroxy, and OR“",

[0103] wherein R“* is C, -alkyl, C,_,,-alkenyl,
C,_,o-alkynyl, C,_;,-haloalkyl, —C(O)—C,_,-al-
kyl, —C(O)—C_,,-aryl, —C(O)-heteroaryl, C,_, -
aryl, or 5- to 10-membered heteroaryl;

[0104] R"™ is selected from the group consisting of
C,_,0-alkyl, C,_, ,-alkenyl, C,_, ,-alkynyl, C, _,,-haloal-
kyl, —(CH,) —C. s-aryl, and —(CH,) -5- to
10-membered heteroaryl;

[0105] R'“#is selected from the group consisting hydro-
gen, C,_,,-alkyl, C,_,,-alkenyl, C,_,,-alkynyl, C,_,,-
haloalkyl, and halogen;

[0106] each of R'? and R'®” are independently
selected from the group consisting hydrogen, C._,,-
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alkyl, C,_,s-alkenyl, C,_,,-alkynyl, C,_,,-haloalkyl,
halogen, hydroxy, and OR”;

[0107] R” is selected from the group consisting of
hydrogen, C, _(-alkyl, C,_,,-alkenyl, C,_,,-alkynyl,
C,_;o-haloalkyl, —C(O)—C, _,,-alkyl, —C(O)—C,_
o-aryl, —C(O)-heteroaryl, —C(O)—0O—C, _,,-alkyl,
—C(0)—0O—C_,5-aryl, —C(O)—O-heteroaryl,
— C(O)—NR“'R**, C_, ,-aryl, and 5- to 10-membered
heteroaryl; each of R'"# and R'"” are independently
selected from the group consisting of hydrogen, C, _, -
alkyl, C,_,,-alkenyl, C,_,,-alkynyl, C,_,,-haloalkyl,
halogen, hydroxy, C, (-alkoxy, C,_,,-alkyl-C(O),
—C(0)—C,_,,alkyl, —C(O)—C,_,,-hydroxyalkyl,
—C(0)—C_pmalkyl-Cq_yg-aryl,  —C(O)—C,_,-al-
kyl-heteroaryl, —C(O)—C,_,5-aryl, —C(O)-het-
eroaryl, —O—C(0O)—C, _,-alkyl, C_,,-aryl, and 5- to
10-membered heteroaryl, or R'* and R'’* together
form an oxo;

[0108] each R'® is independently selected from the
group consisting hydrogen, C, _,-alkyl, C,_,,-alkenyl,
C,_;o-alkynyl, C, _, ,-haloalkyl, halogen, C,_,,-arvyl, and
5- to 10-membered heteroaryl;

[0109] each R' is independently selected from the
group consisting hydrogen, C, _,-alkyl, C,_,,-alkenyl,
C,_,q-alkynyl, C, _, ,-haloalkyl, halogen, C_, ,-aryl, and
5- to 10-membered heteroaryl; and

[0110] each ——— independently represents a single
bond or a double bond;

[0111] wherein any C,_,,-aryl or 5- to 10-membered
heteroaryl 1s optionally substituted with one or more

halogen, hydroxy, C,_(-alkyl, C,_.-haloalkyl, or C,_-
alkoxy.

[0112] In certain preferred embodiments, n 1s 1 or 2. In

some such preferred embodiments, n 1s 1. In some such

preferred embodiments, n 1s 2.

[0113] In certain preferred embodiments, m 1s O or 1. In

some such preferred embodiments, m 1s 0. In some such

preferred embodiments, m 1s 1.

[0114] In certain preferred embodiments, R* is —OH,
O—C, _4-alkyl, or oxo. In some such preferred embodi-

ments, R? is —OH or oxo.

[0115] In certain preferred embodiments, n is 2 and one R*

is —OH or —O—C, _.-alkyl and the other R* is C, _, ,-alkyl,

such as methyl, or —OR** wherein R** is C,_.-alkyl, such

as methyl.

[0116] In certain preferred embodiments, R*? is hydrogen

or C,_,,-alkyl. In some such preferred embodiments, R* is

methyl. In certain preferred embodiments, R*” is hydrogen

or C,_,,-alkyl. In some such preferred embodiments, R*” is

methyl.

[0117] In certain preferred embodiments, each of R** and

R** are methyl.

[0118] In certain preferred embodiments, R is hydrogen,

C,_;o-alkyl, C,_;,,-haloalkyl, or halogen. In some such pre-
ferred embodiments, R° is hydrogen or methyl. In some such

preferred embodiments, R°® is hydrogen.

[0119] In certain preferred embodiments, R’ is hydrogen,
hydroxy, or oxo. In some such preferred embodiments, R’ is
hydrogen or oxo. In some such preferred embodiments, R’
1s hydrogen.

[0120] In certain preferred embodiments, R” is hydrogen,
C,_,0-alkyl, C,_,,-haloalkyl, halogen, or —(CH,), —C._,,-
aryl. In some such preferred embodiments, R” is hydrogen or
halogen. In some such preferred embodiments, R” is hydro-
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gen. In some such preferred embodiments, R” 1s C, _,,-alky],
such as methyl, ethyl, or propyl. In some such preferred
embodiments, R” is —(CH,), —C,_,,-aryl, wherein m is 0
or 1. For example, R” may be phenyl or benzyl.

[0121] In certain preferred embodiments, R'® is hydrogen,
C,_o-alkyl, C,_, ,-haloalkyl, halogen, or —(CH,), —C._,,-
aryl. In some such preferred embodiments, R"” is hydrogen.
In some such preferred embodiments, R'® is C,_,,-alkyl,
such as methyl, ethyl, or propyl. In some such preferred
embodiments, R"® is —(CH,,) —C,._, -aryl, wherein m is 0
or 1. For example, R'” may be phenyl or benzyl.

[0122] In certain preferred embodiments, R'" is hydrogen,
hydroxy, or OR“* wherein R“* is C,_.-alkyl. In some such
preferred embodiments, R'' is hydrogen or hydroxy. In
some such preferred embodiments, R'' is hydrogen.
[0123] In certain preferred embodiments, R' is C, -
alkyl, C,_,,-haloalkyl, or —(CH,), —C,_,,-aryl. In some
such preferred embodiments, R'> is C,_,,-alkyl, such as
methyl, ethyl, or propyl. In some such preferred embodi-
ments, R"> is —(CH,,), —C,_,,-aryl, wherein m is O or 1.
For example, R'> may be phenyl or benzyl.

[0124] In certain preferred embodiments, R'* is hydrogen
or C,_, ,-alkyl. In some such preferred embodiments, R'* is
methyl. In some such preferred embodiments, R** is hydro-
gen.

[0125] In certain preferred embodiments, both R'*? and
R"*” are hydrogen, R'®? is hydrogen and R"*? is C, _, ,-alkyl,
R is hydrogen and R'®” is C,_,,-haloalkyl, or R*** is
hydrogen and R'®” is OR” wherein R” is hydrogen or
C, -alkyl. In some such preferred embodiments, R'** is
hydrogen and R'®” is hydrogen or C,_,,-alkyl. In some such
preferred embodiments, R"°# is hydrogen and R"°*” is hydro-
gen. In some such preferred embodiments, R'** is hydrogen
and R'"®” is OR” where R” is hydrogen. In some such
preferred embodiments, R'%? is hydrogen and R'°” is OR”
where R” is C,_.-alkyl.

[0126] In certain preferred embodiments, R” is hydrogen.
[0127] In certain preferred embodiments, R'’“ is hydro-
gen, C,_,,-alkyl, hydroxy, C, .-alkoxy, —C(O)—C, _,,-al-
kyl, —C(O)—C,_,,-hydroxyalkyl, or —O—C(O)—C, .-
alkyl. In some such preferred embodiments, R'’ is
hydrogen, C, _,,-alkyl, hydroxy, or C, _.-alkoxy.

[0128] In certain preferred embodiments, R'’# is hydro-
gen, C,_,,-alkyl, hydroxy, C, .-alkoxy, —C(O)—C, _,,-al-
kyl, —C(O)—C,_,,-hydroxyalkyl, or —O—C(O)—C, .-
alkyl. In some such preferred embodiments, R'’“ is
hydrogen, C, _,,-alkyl, hydroxy, or C, _.-alkoxy.

[0129] In certain preferred embodiments, R'’# and R'"*
together form an oxo.

[0130] In certain preferred embodiments, each of R’ and
R""* are hydrogen.

[0131] In certain preferred embodiments, each R'® is
hydrogen. In other preferred embodiments, two R'® are
hydrogen and one R'® is C,_,,-alkyl, such as —CH, or
—CH,CH,. In other preferred embodiments, two R"'® are
hydrogen and one R'® is C,_,,-aryl, such as pheny].

[0132] In certain preferred embodiments, each R is
hydrogen. In other preferred embodiments, two R'% are
hydrogen and one R" is C,_,,-alkyl, such as —CH, or
—CH,CH,. In other preferred embodiments, two R"*” are
hydrogen and one R is C_,,-aryl, such as pheny].

[0133] It 1s to be understood that any preferred embodi-
ment for a variable (e.g., n, R*, R*, R*, R° R’, R°, R'°,
Rllj RlSj RM, RlﬁAj RlﬁBj RDj lej Rl’?Bj RlSj and ng)
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may be combined with any preferred embodiment for any
other variable(s) described herein. Exemplary combinations
for compounds having a structure corresponding to Formula
(I-Al), (I-A2), (I-A3), (I-A4), (I-Al1.1), (I-A2.1), (I-A3.1),
(I-A4.1), includes, but 1s not limited to: n1s 0, 1, or 2; each
R4, if present, is C,_-alkyl or hydroxy; R” is C, _,,-alkyl or
—(CH,),—C._,,-aryl where m is O or 1; R"” is C,_,,-alkyl
or —(CH,) —C,. ,,-aryl where m is 0 or 1; each R’ is
hydrogen; and R” is hydrogen or C, .-alkyl. Exemplary
combinations for compounds having a structure correspond-
ing to Formula (II-Al), (II-A2), (II-A3), (I1I-A4), (I1I-A1.1),
(II-A2.1), (II-A3.1), (1I-A4.1), includes, but 1s not limited to:
nis 0, 1, or 2; each R?, if present, is C,_.-alkyl or oxo; R'°
is C,_c-alkyl or—(CH,) —C. ,,-aryl wheremisOor1;R"
1s C,_s-alkyl or —(CH,) —C,_ ,,-aryl where m 1s O or 1;
each R'’ is hydrogen; and R” is hydrogen or C, _-alkyl.

[0134] In one aspect, this disclosure provides a compound
or salt or prodrug thereoi, wherein the compound has a
structure corresponding to one of the following compounds:
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-continued

D. Methods of Use

[0135] In at least one aspect, the present disclosure
includes a method for treating or preventing a proliferative
disease 1n a subject 1n need of such treatment or prevention.
Exemplary proliferative diseases include cancers (i.e.,
“malignant neoplasms”™), benign neoplasms, angiogenesis,
inflammatory diseases, and autoimmune diseases. In par-
ticular, exemplary cancers that may be treated or prevented
include breast cancer, prostate cancer, ovarian cancer, acute
myeloid leukemia, and glioma.

[0136] Thus, one aspect of the present disclosure includes
a method for treating a brain tumor. The method comprises

15
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administering to a patient 1in need thereof a therapeutically
cllective amount of a compound described herein (includ-
ing, but not limited to, Compound 100 or 101) or a phar-
maceutically acceptable salt or prodrug thereof. In some
such embodiments, the compound 1s a selective ER[} ago-
nist. In some embodiments, the compound 1s Compound
100. In some embodiments, the compound 1s Compound
101. In some embodiments, the compound (or pharmaceu-
tically acceptable salt thereof) 1s administered orally. In
some embodiments, the brain tumor 1s a glioma, such as a
glioblastoma. In some such embodiments, the brain tumor 1s
selected from the group consisting of astrocytoma, glioblas-
toma, ependymoma (e.g., anaplastic ependymoma or
myxopapillary ependymoma), and oligodendroglioma (e.g.,
anaplastic oligodendroglioma or anaplastic oligoastrocy-
toma). In at least one aspect, the present disclosure includes
a compound disclosed herein or a pharmaceutically accept-
able salt or prodrug thereof for use 1n a method for treating
a cancer, particularly a brain tumor. In certain embodiments,
the compound 1s Compound 100. In certain embodiments,
the compound 1s Compound 101. In certain embodiments
both compounds (100 and 101) can be used 1n combination
with each other or other pharmaceutically active agents.

[0137] Another aspect of the present disclosure includes a
method for treating or preventing schizophrenia 1n a subject
in need of such treatment or prevention.

[0138] Still another aspect of the present disclosure
includes a method for treating or preventing neurodegen-
eration 1n a subject 1n need of such treatment or prevention.
In some such embodiments, the human subject 1s sullering
from or at risk for a neurodegenerative disease such as spinal
cord mjury (SCI), multiple sclerosis (MS), Parkinson’s
disease (PD), and Alzheimer’s disease (AD).

[0139] Yet another aspect of the present disclosure
includes a method for treating or preventing neuropathic
pain 1n a subject in need of such treatment or prevention.

[0140] One aspect of the present disclosure includes a
method for treating or preventing a disease or condition that
1s at least partially mediated or aflected by ERP 1n a subject
in need of such treatment or prevention.

[0141] Another aspect of the present disclosure includes a
method for treating or preventing a disease or condition
treatable or preventable by selectively modulating ER[3 in a
subject 1n need of such treatment or prevention.

[0142] In certain embodiments, for any of the alforemen-
tioned aspects, the subject 1s a mammal. In some such
embodiments, the mammal 1s a human.

[0143] In certain embodiments, for any of the aforemen-
tioned aspects, the methods comprise administering to the
subject a therapeutically eflective amount of a compound
described herein (including, but not limited to, Compound
100 or 101) or a pharmaceutically acceptable salt or prodrug
thereol as single agent or in combination with another
chemotherapeutic compound. In some such embodiments,
the methods comprise administering to the subject a thera-
peutically effective amount of Compound 100 or a pharma-
ceutically acceptable salt or prodrug thereof, preferably
Compound 100. In other such embodiments, the methods
comprise administering to the subject a therapeutically
cellective amount of Compound 101 or a pharmaceutically
acceptable salt or prodrug thereof, preferably Compound
101. In certain embodiments, the compound 1s administered
orally.
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[0144] The preferred total daily dose of the compound or
salt (administered 1n single or divided doses) 1s typically
from about 0.001 to about 100 mg/kg, more preferably from
about 0.001 to about 30 mg/kg, and even more preferably
from about 0.01 to about 10 mg/kg (i.e., mg of the com-
pound or salt per kg body weight). In certain embodiments,
dosage unit compositions contain such amounts or submul-
tiples thereof to make up the daily dose. In many instances,
the administration of the compound or salt will be repeated
a plurality of times. In certain embodiments, multiple doses
per day typically may be used to increase the total daily
dose, 11 desired.

[0145] Factors aflecting the preferred dosage regimen
include the type, age, weight, sex, diet, and condition of the
patient; the severity of the pathological condition; the route
of administration; pharmacological considerations, such as
the activity, eflicacy, pharmacokinetic, and toxicology pro-
files of the particular compound or salt used; whether a drug
delivery system 1s utilized; and whether the compound or
salt 1s administered as part of a drug combination. Thus, the
dosage regimen actually employed can vary widely, and
therefore, can derive from the preferred dosage regimen set
forth above.

[0146] The activity of a compound can be determined
using various known methods. For example, the anti-prolit-
erative activity of a compound can be determined using
vartous known methods, including in vitro and 1 vivo
antiproliferative assays using cancer cell lines such as U251
and/or U87 (human glioblastoma-derived cell lines),
DU-145 (prostate cancer cell line), MDA-MB-231 (human
breast adenocarcinoma), AsPC-1 (human pancreas adeno-
carcinoma ascites metastasis), and A349 (lung carcinoma).

E. Compositions

[0147] In at least one aspect, the present disclosure
includes compositions comprising a compound described
herein (including, but not limited to, Compound 100 or 101)
or a pharmaceutically acceptable salt or prodrug thereof. In
certain embodiments, the composition comprises one or
more conventional pharmaceutically acceptable excipients.
[0148] In at least one aspect, the present disclosure
includes compositions comprising an enantiomeric coms-
pound described herein. In certain embodiments, the com-
position 1s enantiomerically pure or enriched. For example,
the composition may comprise at least 85% of one enan-
tfiomer and not more than 15% of the other enantiomer;
alternatively, at least 90% of one enantiomer and not more
than 10% of the other enantiomer; alternatively, at least 95%
of one enantiomer and not more than 5% of the other
cnantiomer; alternatively, at least 97% of one enantiomer
and not more than 3% of the other enantiomer; or alterna-
tively, at least 99% of one enantiomer and not more than 1%
of the other enantiomer. In certain embodiments, the com-
position 1s substantially free of enantiomeric impurities. In
some such embodiments, the composition 1s free of any
detectable amount of an enantiomeric impurity.

[0149] Pharmaceutical compositions disclosed herein
comprise a compound disclosed herein or a pharmaceuti-
cally acceptable salt or prodrug thereof, preferably Com-
pound 100 or Compound 101. In some embodiments, the
pharmaceutical composition 1s an oral dosage form, prefer-
ably a solid oral dosage form (e.g., a tablet). In some such
embodiments, the solid oral dosage form may comprise
pharmaceutically acceptable excipients such as excipients
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that function as binders, glidants, lubricants, and fillers.
Thus, a solid oral dosage form comprising a compound
disclosed heremn or a pharmaceutically acceptable salt
thereol further optionally comprises one or more conven-
tional pharmaceutically acceptable excipients.

[0150] In some embodiments, a compound 1s co-admin-
istered with a chemotherapeutic agent. In some such
embodiments, the chemotherapeutic agent 1s an agent used
to treat a brain tumor, such as temozolomide (TMZ).
[0151] In some embodiments, the chemotherapeutic agent
and the compound of the present disclosure are co-admin-
1stered to the patient 1n a substantially simultaneous manner
(e.g., or within about 5 min of each other), 1n a sequential
manner, or both. It 1s contemplated, for example, that such
combination therapies may include administering one thera-
peutic agent multiple times between the administrations of
the other. The time period between the administration of
cach agent may range from a few seconds (or less) to several
hours or days, and will depend on, for example, the prop-
erties of each composition and active ingredient (e.g.,
potency, solubility, bioavailability, half-life, and kinetic pro-
file), as well as the condition of the patient. In some
embodiments, the chemotherapeutic agent and the com-
pound of the present disclosure are adminmistered 1n separate
pharmaceutical compositions. In some embodiments, the
chemotherapeutic agent and the compound of the present
disclosure are administered in the same pharmaceutical
composition.

[0152] In at least one aspect, the present disclosure
includes a pharmaceutical composition for treating a brain
tumor, the composition comprising a compound disclosed
herein or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable excipient. In certain embodi-
ments, the compound 1s Compound 100. In certain embodi-
ments, the compound 1s Compound 101.

[0153] It will be readily apparent to those skilled in the art
that other suitable modifications and adaptations of the
compositions and methods of the invention described herein
may be made using suitable equivalents without departing
from the scope of the mvention or the embodiments dis-
closed herein.

[0154] The compounds, compositions, and methods
described herein will be better understood by reference to
the following examples, which are included as an 1llustration
of and not a limitation upon the scope of the invention.

F. EXAMPLES

[0155] Materials and Methods.

[0156] All reactions were conducted 1n flame-dried glass-
ware under a nitrogen atmosphere with dry solvents, unless
otherwise noted. All reagents and starting materials were
purchased from commercial sources and used as supplied,
unless otherwise indicated.

[0157] Anhydrous diethyl ether (Et,O), tetrahydroturan
(THF), toluene (PhMe), and methylene chloride (CH,CI,)
were obtained by a Glass Contour Solvent Purification
System. (R)-BINOL and (S)-BINOL were purchased from
Chem Impex. Titanium 1sopropoxide (T1(O1-Pr),) was pur-
chased from Acros, and distilled before use. Solutions of
n-Bul.1 (2.5 M 1n hexanes) were purchased from Aldrich and
titrated against N-benzylbenzamide. Yields refer to chro-
matographically purified and 1solated products unless oth-
erwise stated. Flash column chromatography was performed
on the Biotage® Automated Liquid Chromatography Sys-
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tem Isolera One® using Biotage® SNAP KPM Si11 10-100 g
silica gel cartridges and Biotage® SNAP HP-Sphere ultra
10-100 g silica gel cartridges. TLC analyses were performed
on EMD TLC Silica gel 60 F254 Glass Plates and the spots
were visualized by UV-light (254 nm), an aqueous solution
of phosphomolybdic acid, ceric sulfate, and sulturic acid, or
a solution of ethanol, surfuric acid, glacial acetic acid, and
p-anisaldehyde. 'H NMR data were recorded on Bruker
Avance 11l 500 and 600 MHz spectrometer (ITBI probe) with
calibration of spectra to residual CDCI, (7.26 ppm), CD,OD
(3.31 ppm) and CD,Cl, (5.32 ppm). °C NMR data were
recorded at 125 MHz and 150 MHz on Bruker Avance Ill
500 and 600 MHz spectrometer (TBI probe) with calibration
to the central line of CDCl, (77.16 ppm), CD,0OD (49.0

ppm) and CD,Cl, (53.8 ppm). Infrared spectra were
recorded on a JASCO FT/IRM4100 Fourier Transiorm

Infrared Spectrometer. Optical rotations were measured with
a JASCO P-2000 polarimeter, and the concentration (c) 1s
reported 1n g/mL. HRMS (ESI or EI) analyses were per-
formed at the Mass Spectrometry Laboratory of University
of Illino1s at Urbana-Champaign. All compounds purified by
chromatography were sufiliciently pure for use in further
experiments, unless indicated otherwise. For abbreviations,
duisobutylaluminum hydride (DIBAL-H), phenyliodonium
diacetate or (diacetoxyiodo) benzene (PIDA), 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP).

Preparation of Intermediates

Synthesis of Enyne 1

[0158]

i) n-BuLi, BF3*OFt,
THF, -78° C.

[0159] Enyne 1: To a stirring solution of S-1 (0.30 g, 1.9
mmol, 2.5 equv) m 5 mL THF at -78° C. under N,
atmosphere was added n-Bul.1 (2.4 M in hexanes. 0.47 ml,
1.1 mmol, 1.5 equiv) dropwise. The resulting mixture was
stirred at the same temperature for 44 min, and then
BF;-OEt, was added dropwise. The mixture was stirred for
33 min, and then a solution of S-2 (74 mg, 0.75 mmol, 1.0
equiv) in 1 ml THF was added dropwise. The mixture was
stirred for 39 min, and the reaction was quenched with 5 mlL.
saturated sodium bicarbonate solution at —78° C. The mix-
ture was warmed to rt, diluted with 20 mL ethyl acetate, and
the organic layer was separated. The aqueous layer was
extracted with 25 mL ethyl acetate. The combined organic
layers were dried over Na,SO,, filtered, and then the filtrate
was concentrated 1 vacuo. S10, flash column chromatog-
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raphy afforded 0.14 g of the title compound 1 as a pale
yellow o1l (74% 1solated yield).

[0160] Spectral data for 1: 'H NMR (600 MHz, Chloro-
form-d) ¢ 7.21 (t, I=7.8 Hz, 1H), 6.81 (d, J=7.9 Hz, 1H),
6.79-6.75 (m, 2H), 4.86 (t, J=1.8 Hz, 1H), 4.81-4.76 (m,
1H), 3.85-3.80 (m, 1H), 3.79 (s, 3H), 2.80 (t, JI=7.5 Hz, 2H),
2.49 (tt, J=7.5,2.4,2.4 Hz, 2H), 2.40-2.29 (m, 2H), 2.25 (dd,
J=14.1, 4.9 Hz, 1H), 2.17 (dd, J=13.8, 8.5 Hz, 1H), 2.01 (d,
J=4.0 Hz, 1H), 1.75 (s, 3H); °C NMR (151 MHz, Chloro-
form-d) 6 159.69, 142.45, 142.42, 129.39, 120.86, 114.39,
113.44, 111.54, 82.32, 77.08, 67.85, 55.17, 44.79, 35.39,
277.24, 22.54, 20.88; IR (thin film): 3452, 2933, 2835, 1602,
1585, 1491, 1452, 1153 cm™"; HRMS (ESI-TOF): calculated
for C,,H,,O, [M+H*] 259.1698, found 259.1702; [at] 5> =-
1.7 (¢ 0.084 g/mL, CHCI,).

Synthesis of Hydrindane 2
[0161]

i} Ti(Oi-Pr)y, n-Buli
‘ ‘ PhMe, -78° C. to 50° C.

Me
1
n-Bul.i
PhMe, -78° C. to rt
2
[0162] Hydrindane 2: To a stirring solution of 1-(Trimeth-

ylsilyl)propyne (7.8 g, 69 mmol, 3.3 equiv) and Ti(O1-Pr),
(19.8 g, 69.7 mmol, 3.3 equiv) 1n 350 mL anhydrous toluene
at =78° C. under N, atmosphere was added n-Bul.1 (2.4 M
in hexanes, 58 mL, 140 mmol, 6.5 equiv) dropwise. After the
addition, the cooling bath was removed, and the resulting
dark brown mixture was warmed to rt, and then further
warmed to 50° C. The reaction mixture was stirred for 1 hr
at the same temperature without a reflux condenser, and then
cooled to rt. A separate round bottom flask charged with a
solution of 1 (5.5 g, 21 mmol, 1.0 equv) 1 100 mL
anhydrous toluene at —78° C. was added n-Bul.1 (2.4 M 1n
hexanes, 8.9 mL, 21 mmol, 1.0 equiv) dropwise. The result-
ing solution was warmed to rt, cannulated into the above
dark brown mixture, and then stirred overnight at rt under N,
atmosphere (approx. 12 hr). After this period, 150 mlL
saturated sodium bicarbonate solution was added to the
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reaction mixture. The organic layer was separated, and the
aqueous layer was extracted with 250 mlLx4 diethyl ether.
The combined organic layers were dried with Na,SO,,
filtered, and the filtrate was concentrated in vacuo. The crude
product was purified by dry column vacuum chromatogra-
phy using 7 cmx6.5 cm (heightxdiameter) S10,, column, and
3% ethyl acetate, 10% ethyl acetate, and 15%-24% (1%
gradient/fraction) ethyl acetate 1n hexanes as the eluent (200

ml./fraction) to aflord 3.9 g of the title compound 2 as a
thick vellow o1l (49% 1solated yield).

[0163] Spectral Data for 2: "H NMR (500 MHz, Chloro-
form-d) ¢ 7.19 (t, J=7.8 Hz, 1H), 6.77-6.72 (m, 2H), 6.69
(dd, J=2.6, 1.6 Hz, 1H), 4.36 (p, J=6.8 Hz, 1H), 3.79 (s, 3H),
2.69-2.60 (m, 2H), 2.57-2.43 (m, 2H), 2.38-2.30 (m, 1H),
2.17 (d, J=15.8 Hz, 1H), 2.04-1.95 (m, 3H), 1.93 (d, J=2.6
Hz, 3H), 1.39 (dd, J=12.3, 7.7 Hz, 1H), 1.28 (s, 1H), 0.79 (s,
3H), 0.16 (s, 9H); °C NMR (150 MHz, Chloroform-d) &
159.61, 144.48, 143.85, 141.23, 129.28, 129.26, 128.47,
121.31, 114.84, 111.07, 72.05, 55.28, 51.25, 41.57, 39.45,
38.45,35.772,31.60, 21.34, 19.18, 0.15; IR (thin film): 3348,
2949, 2857, 1602, 1584, 1454, 1248, 1058, 835 cm™';
HRMS (ESI-TOF): calculated for C,,H,;0,S1 [M+H™] 371.

2406, found 371.2393; [a],>>=-44.0 (¢ 0.022 g¢/mlL,
CHC,).

Example 1-1

[0164] Compound 100—(9S,13R,165)-9,13-dimethyl-7,
9,11,12,13,15,16,17-octahydro-6H-cyclopenta o]
phenanthrene-3,16-diol

[0165] Compound 101—(9R,135,16R)-9,13-dimethyl-7,
9,11,12,13,15,16,17-octahydro-6H-cyclopenta[a]
phenanthrene-3,16-d1ol

Compound 100

Me
N.[E..|r1,.,%r mnn()H
K /
HO
Compound 101
Me
Me OH
®
0" NF N
[0166] Compounds 100 and 101 are enantiomers—mirror

images ol one another.

[0167] Compound 100 was prepared in 3 steps from the
enantiomer of ent-Enyne 1, which 1s available 1n just 3 steps
from epichlorohydrin.
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Preparation of Compound 100 from Ent-Enyne 1

10168]
Me
#J#OH TMS Me -
Step (1)
% I
Meo” NN
ent-Enyne 1
Me
Me . mi(QH
s Me MeQO
Steroid 3
(O ———e
Step Me

11
(11) Me.,, ’ OH
MeO I I

OMe Steroid 4
ent-Hydrindane 2

l Step (iii)

Me

HO |

Compound 100

[0169] The first step was a titanium-mediated annulation
reaction as generally described above to provide the stereo-

defined ent-Hydrindane 2.

[0170] In the second step, ent-Hydrindane 2, which 1s a
silyl-substituted diene, can be reacted with (R)-Binol or
(S)-Binol and SnCl, at —-78° C. to deliver tetracyclic steroid
products 3 and 4. These are examples of matched and
mismatched double asymmetric reaction processes; the
matched double asymmetric reaction proceeds with much
higher levels of stereoselectivity than the mismatched
double asymmetric reaction.

[0171] Matched Double Asymmetric Reaction for Cycl-
ization of ent-Hydrindane 2: To a stirring suspension of
(R)-Binol (10.7 g, 37.4 mmol, 1.2 equiv) in 200 mL of
dichloromethane at -78° C. under N, atmosphere was added
a solution of SnCl, (1.0 M in dichloromethane, 31 mL, 31
mmol, 1.0 equv) dropwise using a syringe. The resulting
mixture was stirred for 23 min at —78° C. and then a solution
of ent-Hydrinane 2 (11.5 g, 31 mmol, 1.0 equiv) 1n 80 mL
of dichloromethane was added dropwise then stirred at —78°
C. for 1 hr and then warmed to rt. The reaction was then
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quenched by the addition of 400 mL sat. aqueous ammo-
nium chloride, and the resulting mixture was stirred for 40
min. The organic layer was separated and extracted with
dichloromethane. The combined organic layers were dried
over Na,SQO,, filtered, and the resulting filtrate was concen-
trated 1n vacuo (analyses of crude material from this
matched double asymmetric reaction process typically
reveal ds for the cyclization to be =20:1). Purification of the
crude product by S10, flash column chromatography
allorded 6.6 g of Steroid 4 (71% 1solated yield). Mismatched
Double Asymmetric Reaction for Cyclization of ent-Hydrin-
dane 2: To a stirring suspension of (S)-BINOL (16 g, 56
mmol, 1.2 equiv) mn 280 mL dichloromethane at —78° C.
under N, atmosphere was added a solution of SnCl, (1.0 M
in dichloromethane, 56 mL, 56 mmol, 1.2 equiv) dropwise
using syringe. The resulting mixture was stirred for 25 min
at —78° C., and then a solution of ent-Hydindrane 2 (17 g,
46 mmol, 1.0 equiv) in 230 mL dichloromethane was added
dropwise over 1 hr via canula. The resulting mixture was
stirred for 2 hr at =78° C., and then warmed to rt. The
reaction was judged to be complete by TLC-analysis. 500
ml saturated solution of NaHCO, was added, stirred vig-
orously for 3 hr. The organic layer was separated, and the
aqueous layer was extracted with 300 mLx3 DCM. The
combined organic layers were dried over MgSO,, filtered,
and the filtrate was concentrated 1n vacuo. The crude product
was obtained as a 1.3:1 mixture of Steroid 3 and Steroid 4.
A subsequent purification by S10, flash column chromatog-

raphy afforded 5.4 g of Steroid 3 (39% 1solated yield, 61%
combined yield of Steroid 3 and Steroid 4) as yellow solid.

[0172] Spectral data for Steroid 3: '"H NMR (600 MHz,
Chloroform-d) 6 7.25 (d, J=8.7 Hz, 1H), 6.72 (dd, J=8.7, 2.9
Hz, 1H), 6.57 (d, J=2.7 Hz, 1H), 4.62-4.48 (m, 1H), 3.77 (s,
3H), 2.90-2.81 (m, 3H), 2.46 (dt, J=13.3, 4.5 Hz, 1H),
2.42-2.34 (m, 1H), 2.29 (dd, J=16.7, 5.1 Hz, 1H), 2.23 (ddd,
I=14.3,5.6,3.5 Hz, 1H), 2.02 (dd, J=12.1, 6.5 Hz, 1H), 1.91
(ddd, J=14.7, 12.3, 3.6 Hz, 1H), 1.57 (ddd, J=12.9, 5.6, 3.5
Hz, 1H), 1.39 (s, 1H), 1.33 (s, 3H), 1.30-1.23 (m, 2H), 1.05
(s, 3H). "°C NMR (150 MHz, Chloroform-d) & 157.3, 138.9,
138.6, 137.1, 133.6, 1264, 113.6, 112.1, 71.1, 55.3, 51.5,
41.3,39.1, 38.1, 34.4, 34.2, 33.0, 31.9, 25.9, 24.9; IR (thin
film): 3320, 2954, 2912, 2846, 1598, 1482, 1447, 1270,
1240, 1037 cm'; HRMS (ESI-TOF): calculated for
C,,H,-O,[M+H]*299.2013, found 299.2011; [ca.]"==117.2
(c 0.0086, CHCI,).

[0173] In the third step, demethylation was performed
using DIBAL to provide Compound 100.

[0174] Compound 101 was prepared in an identical man-
ner, except beginning with Enyne 1 (also readily available
from epichlorohydrin).

Preparation of Compound 101 from Enyne 1

[0175] The first step was a titantum-mediated annulation
reaction as generally described above to provide the stereo-

defined Hydrindane 2.

[0176] In the second step, Hydrindane 2, which 1s a
silyl-substituted diene, was reacted with (R)- or (S)-Binol
and SnCl,; as discussed previously with ent-Hydrindane 2,
these reactions are also mismatched and matched double
asymmetric processes. Overall, independent of which Binol
1somer 1s used, this chemical reaction induces a protodesi-
lylation of the diene, followed by an intramolecular Friedel-
Crafts alkylation to deliver tetracyclic Steroids 5 and 6.
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[0177] Mismatched Double Asymmetric Reaction {for
Cyclization of Hydrnindane 2:

Me

TMS

OH -
Step (11)

OMe
Hydrindane 2

Steroid 5

Steroid 6

[0178] To a stirring suspension of (R)-BINOL (1.0 g, 3.6
mmol, 5.4 equiv) mn 36 mL dichloromethane at -78° C.
under N, atmosphere was added a solution of SnCl, (1.0 M
in dichloromethane, 3.6 mL, 3.6 mmol, 5.4 equiv) dropwise
using syringe. The resulting mixture was stirred for 21 min
at —78° C., and then a solution of Hydrindane 2 (0.25 g, 0.68
mmol, 1.0 equiv) 1n 13 ml dichloromethane was added
dropwise over 3 min via syringe. The resulting mixture was
stirred for 1 hr 45 min at =78° C., and then warmed to rt over
8 min. The reaction was judged to be complete by TLC-
analysis. 50 mL saturated sodium bicarbonate solution was
added, stirred for 18 min, and then further diluted with 100
ml. dichloromethane. The organic layer was separated, and
the aqueous layer was extracted with 100 mLx2 dichlo-
romethane. The combined organic layers were dried over
Na,SQO,, filtered, and the filtrate was concentrated 1n vacuo.
The crude product was obtained as a 1:1.2 mixture of Steroid
5 and Steroid 6. A subsequent purification by S10, flash
column chromatography aflorded 40 mg of compound 5 as
a thick yellow film (20% 1solated yield), and 71 mg of 4:1
mixture of 5 and 6 as a thick yellow film (36% 1solated yield,

56% combined vyield of 5 and 6).

[0179] Spectral data for 5: "H NMR (500 MHz, Methylene
Chlonde-d,) 0 7.24 (d, J=8.7 Hz, 1H), 6.70 (dd, J=8.7, 2.9
Hz, 1H), 6.56 (d, J=2.9 Hz, 1H), 4.56-4.47 (m, 1H), 3.74 (s,
3H), 2.86-2.78 (m, 3H), 2.50-2.42 (m, 1H), 2.41-2.32 (m,
1H), 2.29-2.18 (m, 2H), 1.99 (dd, J=12.0, 6.5 Hz, 1H), 1.91
(ddd, J=14.2, 12.3, 3.5 Hz, 1H), 1.57 (ddd, J=12.8, 5.6, 3.5
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Hz, 1H), 1.44 (d, 1-5.3 Hz, 1H), 1.31 (s, 3H), 1.25-1.17 (m,
2H), 1.04 (s, 3H); '°C NMR (151 MHz, Chloroform-d) &
157.27, 138.94, 138.61, 137.06, 133.61, 126.42, 113.62,
112.11, 71.13, 55.28, 51.49, 41.33, 39.08, 38.10, 34.38,
34.17,32.99,31.88, 25.94, 24 87; IR (thin film): 3335, 2930,
2919, 2861, 1607, 1497, 1451, 1272, 1231, 1039 cm™';
HRMS (FI-TOF): calculated for C,,H,O, [M7]298.1933,
found 298.1938; [a]D*=+139.7 (¢ 0.0065 g/mL, CHCL,).

Matched Double Asymmetric Reaction for
Cyclization of Hydrindane 2

[0180] To a stirring suspension of (S)-BINOL (12.5 g,
4377 mmol, 5.31 equiv) 1n 450 mL dichloromethane at —78°
C. under N, atmosphere was added a solution of SnCl, (1.0
M 1n dichloromethane, 44 mL, 44 mmol, 5.4 equiv) drop-
wise using syringe. (At room temperature, (S)-BINOL was
tully dissolved in dichloromethane. The suspension was
observed when the solution was cooled to -78° C.) The
resulting mixture was stirred for 18 min at —78° C., and then
a solution of Hydrindane 2 (3.05 g, 8.23 mmol, 1 equiv) 1n
150 mL dichloromethane was added dropwise over 1 hr 20
min via cannula transfer. The resulting mixture was stirred
for an additional 1 hr at =78° C., and then warmed to rt over
52 min. The reaction was judged to be complete by TLC-
analysis. A 100 mL saturated sodium bicarbonate solution
was added, and the resulting mixture was further diluted
with 200 mL dichloromethane. The organic layer was sepa-
rated, and the aqueous layer was extracted with 500 mLx2
cthyl acetate. The combined organic layers were dried over
Na,SO,, filtered, and the filtrate was concentrated in vacuo.
The crude product (formed with typically very high levels of
stereoselection; ds =20:1) was purified by dry column
vacuum chromatography using 7 cmx6.5 cm (heightxdiam-
eter) S10, column, and 1% ethyl acetate-10% ethyl acetate
(1% gradient/fraction) 1n dichloromethane as the eluent (200
ml./fraction) to afford 1.22 g of the Steroid 6 as a thick
yellow o1l (50% 1solated yield).

[0181] Spectral Data for 6 '"H NMR (500 MHz, Chloro-
form-d) ¢ 7.21 (d, J=8.7 Hz, 1H), 6.76 (dd, J=8.7, 2.6 Hz,
1H), 6.58 (d, J=2.8 Hz, 1H), 4.65-4.56 (m, 1H), 3.78 (s, 3H),
2.90-2.81 (m, 2H), 2.72 (dddt, J=16.1, 12.2, 6.0, 1.1 Hz,
1H), 2.46-2.32 (m, 2H), 2.27 (dd, J=16.8, 4.2 Hz, 1H), 2.17
(dd, J=12.0, 6.7 Hz, 1H), 2.09 (dt, J=13.1, 3.3 Hz, 1H),
1.88-1.80 (im, 1H), 1.76-1.68 (m, 2H), 1.38 (s, 1H), 1.38-1.
30 (m, 4H), 0.90 (s, 3H); "C NMR (150 MHz, Chloroform-
d) o 157.1, 140.1, 137.3, 136.4, 132.0, 127.3, 113.1, 112.5,
71.6,55.3,52.0,41.6,38.1,37.7,34.4,33.4,32.3,31.4,25.9,
25.0; IR (thin film): 3375, 2933, 2853, 1608, 1498, 1273,
1233, 1035, 732 cm™'; HRMS (ESI-TOF): calculated for
C,,H, O, [M+H+] 299.2011, found 299.2012; [¢.]*=-223.0
(¢ 0.014 g¢/mL., CHCI,).

[0182] When (R)-Binol 1s used to induce the cyclization of
Hydrindane 2, an equimolar ratio of the diasteromeric tet-
racycles results 1n ~60% yield (dr ~ 1:1), but when (S)-Binol
1s employed this reaction proceeds to deliver the diaste-
reomer 6 with very high levels of diastereoselection (dr
>20:1).

[0183] In the third step, demethylation was performed
using DIBAL to provide Compound 101.

[0184] To a stirring solution of Steroid 6 (0.17 g, 0.57
mmol, 1 equiv) in 5 mL anhydrous toluene at rt under N,
atmosphere was added DIBAL-H (1.0 M 1n hexanes, 3.7
mlL., 5.7 mmol, 10 equiv). The resulting mixture was warmed

to 100° C., refluxed overnight (approx. 20 hr), and then
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cooled to rt. Small chunks of ice was slowly added, and the
resulting mixture was acidified with 3M aqueous hydrochlo-
ric acid (3 mL). The organic layer was separated, and the
aqueous layer was extracted with 50 mLx3 ethyl acetate.
The combined organic layers were dried over Na,SO,,
filtered, and then the filtrate was concentrated in vacuo. The
crude product was purified with S10,, flash column chroma-
tography to atlord 0.15 g of Compound 101 as an amorphous

white solid (94% 1solated yield).

[0185] Compounds 100 and 101 possess a quaternary
center at C9 and an unsaturation between C8 and C14.
Compound 101 possesses “unnatural” absolute stereochem-
1stry (relative to estradiol, referring to the absolute stereo-
chemistry at C13).

[0186] Compounds 100 and 101 were evaluated for their
functional activity at estrogen receptors (both ERc and
ERP). 17p-estradiol was used as a control, as it 1s appreci-
ated to be a potent agonist of both ERc. and ERJ3.

[0187] As illustrated 1n FIG. 1, the enantiomeric tetra-
cycles Compound 100 and Compound 101 were found to be
impressive agonists of ER[3.

[0188] Compound 100 1s a uniquely selective and highly
potent full agonist of ERp with an EC., of 0.05 nM, and
substantial selectivity (~>260-1old) over ERa. (relative to
1'7p-estradiol; with the assumption that 17f3-estradiol 1s not
thought to have significant selectivity 1n agonizing either

ER).

[0189] Compound 101 1s a partial agonist of ER[3 with an
EC., value of 1.9 nM, and ~6-fold selectivity over ERa.
(relative to 173-estradiol).

Example 1-2

[0190] Compound 102—(9R,13S,16R)-3-methoxy-4,9,
13-trimethyl-7,9,11,12,13,15,16,17-octahydro-6H-cyclo-
penta[a]phenanthren-16-o0l

[0191] Compound  103—(95,135,16R)-3-methoxy-4,9,
13-trimethyl-7,9,11,12,13,15,16,17-octahydro-6H-cyclo-
penta] o ]phenanthren-16-o0l

[0192] Compounds 102 and 103 were prepared as above,
except beginning with Enyne 7.

O TMS Me o

Step (1)

MeQO

Enyne 7
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-continued

TMS

Step (11)

OH

MeQ)

OH

Compound 103

Stereoselectivity  Combined

Step (1) Conditions (102:103) Yield (%)
0,0"-dihydroxybiphenyl, SnCl,, -78° C. 9:1 51
(5)-Binol, SnCly, -78° C. =25:1 59

[0193] Enyne 7 was synthesized from Epoxide 7a and
Alkyne 7b as shown below:

o~

\
Meo/\K\/
Me

Alkyne (7b)

n-BuLi, THF

then (b), BF;3*OFt;
H 01%

¥ ;:r

O
Epoxide (7a)

Jan. 11, 2024

-continued
Me
OH.
= |
Me0” \(\/
Me

Enyne 7

[0194] Enyne 7: To a stirring solution of Alkyne (7b) (5.4
g, 31 mmol, 2.0 equiv) in 90 mLL THF at -78° C. under N,
atmosphere was added n-Bul.1 (2.5 M 1n hexanes, 10 mL, 25
mmol, 1.6 equiv) dropwise over 3 min, and the resulting
mixture was stirred for 30 min at the same temperature.
After the specified period of time, BF;-OEt, (4.0 g, 28
mmol,

1.8 equiv) was added dropwise to the reaction

mixture followed by Epoxide (7a) (1.5 g, 15 mmol, 1.0
equiv). The resulting mixture was stirred at —78° C. under
N, atmosphere for 55 min, and then quenched with 50 mL
saturated solution of NaHCO, at the same temperature. The
resulting biphasic solution was warmed to rt, and then
turther diluted with 50 mL ethyl acetate. The organic layer

was separated, dried over Na,SO,, filtered, and then the
filtrate was concentrated 1n vacuo. S10, flash column chro-

matography aflforded the title Enyne 7 as a clear o1l (3.9 g,
01%); Spectral Data for Enyne 7: '"HNMR (600 MHz,
Chloroform-d): ¢ 7.13 (t, J=7.9 Hz, 1H), 6.85 (d, J=1.1 Hz,
1H), 6.76 (d, J=1.1 Hz, 1H), 4.92-4.86 (m, 1H), 4.86-4.80
(m, 1H), 3.89-3.84 (m, 1H), 3.83 (s, 3H), 2.87 (t, J=7.7 Hz,
2H), 2.47 (tt, J=7.6, 2.4 Hz, 2H), 2.43-2.33 (m, 2H), 2.29
(ddd, J=13.9, 4.9, 1.2 Hz, 1H), 2.25-2.18 (m, 4H), 2.16 (s,
1H), 1.79 (s, 3H); "°C NMR (150 MHz, Chloroform-d): &
157.7,142.4, 140.1, 126.0, 124.5, 121.4, 113.3, 108.3, 82.3,
76.8, 67.8, 55.4, 447, 32.9, 27.2, 22.5, 19.8, 11.2; IR (thin
film): 3441, 2933, 2835, 1585, 1463, 1439, 1238, 1101
m~; HRMS (ESI-TOF) calculated for C,H,.O,[M+H]*
273.1855, found 273.1855; [a] ,>°=-1.1 (0.05, CHCL,).

[0195]
ylsilyl)propyne (4.5 g, 40 mmol, 3.1 equiv) and Ti(O1-Pr),
(11 g, 38 mmol, 3.0 equiv) 1n 200 mL anhydrous toluene at
-78° C. under N, atmosphere was added n-Bul.1 (2.3 M 1n

hexanes, 33 mL, 76 mmol, 5.9 equiv) dropwise. After the

Hydrindane 8: To a stirring solution of 1-(trimeth-

addition, the cooling bath was removed, and the resulting
dark brown mixture was warmed to rt, and then further
warmed to 50° C. The reaction mixture was stirred for 50
min at the same temperature without a reflux condenser, and
then cooled to rt. A separate round bottom flask charged with
a solution of Enyne 7 (3.5 g, 13 mmol, 1.0 equiv) in 50 mL
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anhydrous toluene at -78° C. under N, atmosphere was
added n-Bul.1 (2.3 M 1n hexanes, 3.5 mL, 13 mmol, 1.0
equiv) dropwise. The resulting solution was warmed to rt,

cannulated into the above dark brown mixture, and then

stirred overmight at rt under N, atmosphere (approx. 12 hr).
After this period, 100 mL saturated solution of NH_,C] was
added, and the mixture was further diluted with 100 mL

cthyl acetate. The organic layer was separated, and the

aqueous layer was extracted with 250 mLx2 ethyl acetate.
The combined organic layers were dried with Na,SO,,

filtered, and the filtrate was concentrated in vacuo. S10,

flash column chromatography afforded the title Hydrindane
8 as a yellow o1l (2.6 g, 53% 1solated yield); Spectral Data
for Hydrindane 8: 'H NMR (500 MHz, Chloroform-d): &
7.07 (t, J=7.9 Hz, 1H), 6.71 (d, 7.9 Hz, 2H), 4.41-4.31 (m,
1H), 3.81 (s, 3H), 2.73-2.62 (m, 2H), 2.57 (dt, J=13.5, 8.0
Hz, 1H), 2.44-2.37 (m, 1H), 2.35-2.27 (m, 1H), 2.20 (s, 3H),
2.16 (d, J=15.5 Hz, 1H), 2.05-1.97 (m, 3H), 1.95 (app d,
J1=2.7 Hz, 3H), 1.40 (dd, J=12.4, 7.5 Hz, 1H), 1.20 (s, 1H),
0.79 (s, 3H), 0.16 (s, 9H); °C NMR (150 MHz, Chloroform-
d): 0 157.8, 144.4, 141.8, 141.3, 129.5, 128.5, 126.0, 124.8,
122.3, 108.0, 72.1, 55.7, 51.3, 41.6, 39.4, 38.5, 33.2, 30.5,
21.4,19.2, 11.4,0.2; IR (thin film): 3349, 2950, 1585, 1465,
14371102, 1063, 1063, 835 cm™"; HRMS (ESI-TOF): cal-
culated tor C, H;-O,S1 [M+H]+ 385.2563, found 385.2563;
[a],,>"==39.3 (c 0.014, CHCL,).

Example 1-3

[0196] Compound 104—(9R,13S,16R)-3,16-dimethoxy-
4.9,13-trimethyl-7,9,11,12,13,13,16,17-octahydro-6H-cy-
clopenta]a]phenanthrene

1) T1(O1-Pr)4, n-Bul.i
| | PhMe, -78° C. to 50° C.
1)

(.
/N

R9

RA

MeQO
S10

TMS

22
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67%

NN (S)-Binol, SnCly
‘ OMe CH,CL, 78°C.
SACE YL -
Me/

M
= \‘/ )
N7 NoMe
Hydrindane 9
MeO
Me
Compound 104
[0197] Following the procedures outlined herein, Hydrin-

dane 9 (C16 methyl ether) was smoothly converted to a
stereodefined tetracycle (Compound 104) 1n 67% vield, and
with exquisite levels of stereocontrol (ds =20:1), demon-
strating that the C16 (D-ring) alcohol 1s not required for
stereocontrol 1n the acid mediated cyclization reaction.

Example 1-4

[0198] General Procedure for Synthesis of A-Ring Aro-

matic Tetracycles: Metallacycle-mediated annulative cross-
coupling, followed by double asymmetric Bronstead acid-
mediated Friedel-Craits cyclization and demethylation.

(S)-BINOL
SnCly
CH,Cl,, -78° C.

OMe
S11



US 2024/0010670 Al

Jan. 11, 2024

23
-continued
R13
RO 37 OH
N /
MeO” =
A
DIBALH R
PhMe, 100° C., S12-a

-l

S13-s

[0199] Annulative Cross-Coupling: Activation of the
TMS-alkyne—To a flask containing TMS-alkyne (3.3
equiv.) 1 anhydrous toluene (0.3 M) at room temperature
was added Ti1(O1-Pr), (3.3 equiv.). The tlask was cooled to
-78° C., and n-Bul1 (2.5 M 1n hexanes, 6.5 equiv.) was
added dropwise. After the addition of n-Bul.i was complete,
the tlask was warmed to room temperature, and then heated
to 50° C. for 1 hr. After the indicated time, the flask was
re-cooled to room temperature.

[0200] Meanwhile, n-Bul.i (2.5 M 1n hexanes, 1.0 equiv.)
was added to a precooled separate flask (cooled 1n -78° C.
dry 1ce/acetone bath) containing a solution of enyne S10 (1.0
g, 1.0 equiv.) 1n anhydrous toluene (0.3 M). The resulting
solution of lithium-alkoxide (at rt) was transferred wvia
cannula to the solution resulting from the procedure above
(“activation of the TMS-alkyne™). The resulting mixture was
stirred, with gradual warming to room temperature over-
night (approximately 15 hr). The reaction was then
quenched by the addition of benzaldehyde (3.3 equiv.)
followed by introduction of a saturated aqueous solution of
NaHCO, (~ one third of total volume of the reaction
mixture). The aqueous and organic layers were separated,
and the aqueous layer was extracted with ethyl acetate (x3).
The combined organic layers were dried over anhydrous
Na,SQO,, filtered and concentrated 1n vacuo to aflord a crude
product, which was purified by flash column chromatogra-
phy on silica gel with 90:10 to 50:50 hexanes-ethyl acetate
gradient elution to aflord the hydrindane S11.

[0201] Double Asymmetric Friedel-Crafts Cyclization: To
a stirring solution of (R)- or (§)-Binol (1.2 equiv.) in CH,Cl,
(0.16 M) at -78° C. was added a solution of SnCl, (1.0 M
in CH,Cl,, 1.0 equv.) dropwise. The resulting mixture was
stirred for approximately 30 min. at —78° C., and then a
solution of the hydrindane S11 (1.0 equiv.) in CH,CI, (0.16
M) was added dropwise. The resulting mixture was stirred
for approximately 1 hr at -78° C., and then warmed up to
room temperature over another 1 hr. The reaction was then
quenched by the addition of a saturated aqueous solution of
NH_ (I, and the resulting mixture was stirred vigorously for

S12-s

30 mins. The aqueous and organic layers were separated,
and the aqueous layer was extracted with CH,Cl, (x3). The
combined organic layers were washed with a 5% aqueous
solution of NaOH, dried over anhydrous Na,SO,, filtered
and concentrated 1n vacuo to atlord crude product containing
S12-a and S12-s, which was used in the subsequent step
without further purification. The ration of these products
varies as a lfunction of substrate structure and absolute
stereochemistry of the Binol used.

[0202] Demethylation: To a stirring solution of tetracycle
S12-a and S-12-s (1.0 equiv.) 1n anhydrous toluene (0.1 M)
at room temperature was added DIBAL-H (1.2 M 1n
hexanes, 10 equiv.). The reaction mixture was warmed with
a 100° C. o1l bath, refluxed overnight, and then cooled to
room temperature. The next morning, small chunks of ice
were slowly added, and the resulting mixture was diluted
with DI water, 1.0 M solution of HCI and ethyl acetate. The
organic layer was separated, dried over anhydrous Na,SO,,
filtered and concentrated in vacuo to afford crude product,
which was purified by flash column chromatography on

silica gel with 90:10 to 50:50 hexanes-ethyl acetate gradient
clution to aflord the phenols S13-a and S13-s.

[0203] The {following exemplary Compounds 105-162
were synthesized following the General Procedure described
above:

Compound 105

HO/\/\/
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el LI

HO
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HO

Me
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HO

Me

mnn()H
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HO

Me

mmn{()H

Bn

HO

Compound 106

Compound 107

Compound 108

Compound 109

Compound 110

Compound 111

Compound 112

24

-continued

Jan. 11, 2024

Compound 113

Compound 114

Compound 115

Compound 116

Compound 117

Compound 118
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1-Pr

nmm{(H

1-Pr

Z
HO N
Me
1-Pr
mmn{()H
P
Et
HO
Me
/i—Pr
. mnn{()H
7
0 X

Compound 119

Compound 120

Compound 121

Compound 122
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1-Pr

1-Pr

1-Pr

1-Pr

1-Pr

Jan.

OH

OH

OH
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Compound 123

Compound 124

Compound 125

Compound 126

Compound 127
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HO

1-Pr

Ph
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Me
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Ph
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Me

a
HO \
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Compound 128

Compound 129

Compound 130

Compound 131

Compound 132

Compound 133
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MeO
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/
Bn
HO
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mmnm{(OH
/
Et
Ho” N
/i—Pr

S

HO

/
107 N
Me
Ph
. mnn(QOH
HO
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Compound 134

Compound 135

Compound 136

Compound 137

Compound 138

Compound 139
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Ph
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\

OH

Ph
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Me
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Me
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Compound 140

Compound 141
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Compound 162

Example 2-1

[0204] Compound 200—(10S,135,16R)-16-hydroxy-10,
13-dimethyl-6,7,10,11,12,13,16,17-octahydro-3H-cyclo-
pental o.]phenanthren-3-one

Compound 200

[0205] Compound 200 was prepared starting from Steroid
6 by way of an oxidative dearomatization with stereospecific
alkyl-shiit and regioselective loss of proton.

Me

1) DIBAL
OH -
2) PIDA

MeO
Steroid 6

Compound 200

[0206] Compound 200 can be a versatile intermediate for
synthesis of unnatural or natural terpenoid or terpenoid-
inspired (synthetic novel compositions of matter) agents.

[0207] An aspect of this disclosure i1s the advancement of
tetracycles like Steroid 6 to steroidal products possessing a
C10 quaternary center. It was found that deprotection pro-
ceeds by treatment with dusobutylaluminum hydride
(DIBAL), and that exposure of the phenolic product to an
oxidant [in this example, phenyliodo(IIl)diacetate (PIDA)]
results 1n stereospecific migration of the C9 methyl substitu-
ent to C10. This oxidative migration process presumably
generates a highly stabilized tertiary and allylic carbocation

Jan. 11, 2024

intermediate that 1s then converted to the product by regi-
oselective loss of a proton. This type of oxidative rearrange-
ment 1s novel, as PIDA-mediated oxidative dearomatization
chemistry has previously been notoriously problematic/in-
cllective for migration of a methyl group.

[0208] The oxidative dearomatization with stereospeciific
1,2-migration and regioselective proton loss to convert
Steroid 6 to the steroidal tetracycle Compound 200 1s a
fundamentally new approach to the laboratory construction
of such targets, and establishes this process as useful for the
synthesis of fused carbocycles that contain an angular qua-
ternary center at C10.

Example 2-2

[0209] Alternative Synthesis of Compound 200 from

Compound 101.

PIDA
HFIP, 0° C.

-

Compound 200

[0210] To a round bottom flask charged with Compound
101 (63 mg, 0.22 mmol, 1.0 equiv) at 0° C. under N,
atmosphere was added 2 mL. HFIP, and stirred for 6 min.
PIDA (70 mg, 0.22 mmol, 1.0 equiv) was added to the
reaction mixture, stirred for 1 min at the same temperature
(PIDA was fully dissolved at this point), and then 1 mL
saturated sodium bicarbonate solution was added. The
resulting mixture was further diluted with 20 mL ethyl
acetate, and the organic layer was separated. The aqueous
layer was extracted with 15 mL ethyl acetate, and then the
combined organic layers were concentrated in vacuo. The
crude product was purified with S10,, tflash column chroma-
tography to aflord 40 mg of the title Compound 200 as an
amorphous white solid (64% 1solated yield). (Prolonged
stirring of more than 30 min after PIDA addition resulted 1n
a significantly lower yield).

[0211] Spectral Data for Compound 200: 'H NMR (500
MHz, Chloroform-d) ¢ 7.16 (d, J=10.1 Hz, 1H), 6.24 (dd,
J=10.1,1.9 Hz, 1H), 6.13 (s, 1H), 5.50 (s, 1H), 5.09-5.01 (m,
1H), 2.78-2.67 (m, 2H), 2.55-2.50 (m, 1H), 2.46-2.39 (m,
1H), 2.32 (dd, J=12.1, 6.5 Hz, 2H), 2.28-2.17 (m, 1H),
1.86-1.78 (m, 2H), 157 (td, J=12.4, 5.5 Hz, 1H), 1.46 (s,
3H) 1.40 (dd, J=12.1, 7.6 Hz, 1H), 0.88 (s, 3H); '°C NMR
(150 MHz, Chloroform d) 0 185.9, 166.6, 152.6, 149.5,
136.9, 128.2, 125.1, 124.7, 123.6, 76.4, 51.5, 44.7, 43.2,
36.1, 29.7, 29.0, 28. 6 24.5, 23.5; IR (thin film): 3388, 2952,
2923 2851, 1662, 1624, 1057 887, 731 cm™'; HRMS
(ESI- TOF) Calculated tfor C,oH,,O,[M+H™] 283.1698,
found 283.1693; [a],,”>=+128.0 (c 0.042 g/mL, CHCI,).
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Example 2-3

[0212] Compound 201—(10S,13R,165)-16-hydroxy-10,
13-dimethyl-6,7,10,11,12,13,16,17-octahydro-3H-cyclo-
pental o.]phenanthren-3-one

O

[0213] Compound 201 was prepared as above, except
starting from Steroid 3.

Me
1) DIBAL
Me mmn(O)H -
2) PIDA, CH,Cl
X 78° C.
M0 N
Steroid 3
Me
Me mnn{(O)H
N
O
Compound 201
[0214] Reductive demethylation of the enantiodefined Ste-

roid 3 with diusobutylaluminum hydride delivered the cor-
responding phenol 1mn high yield. Oxidative rearrangement
was then found to proceed 1n a highly controlled fashion by
treatment with PIDA. As above, stereospecific 1,2-methyl
shift from C9 to C10 1s thought to deliver a highly stabilized
tertiary allylic carbocation intermediate that 1s terminated by
selective loss of a proton from C15, leading to production of
the stereodefined dienone, Compound 201—a tetracyclic
product that houses quaternary centers at C10 and C13.

Example 2-4

[0215] Compound 202—(10R,13S,16R)-16-hydroxy-4,
10,13-trimethyl-6,7,10,11,12,13,16,17-octahydro-3H-cy-
clopental o Jphenanthren-3-one.

c

Me }OH
N S

“‘,” z

)
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[0216] Compound 202 was prepared as above, except

starting from Compound 102.

1) DIBAL

2) PIDA, HFIP
0° C.

Compound 102

Compound 202

[0217] o a stirring solution of Compound 102 (1.5 g, 4.7
mmol, 1.0 equiv) in 50 mL anhydrous toluene at rt under N,
atmosphere was added DIBAL-H (1.0 M 1n hexanes, 47 mL,
4’7 mmol, 10 equiv). The resulting mixture was warmed to
100° C., refluxed overnight (approx. 16 hr), and then cooled
to rt. Small chunks of i1ce were slowly added, and the
resulting mixture was diluted with 200 mL water, 10 mL 1
M solution of HCI, and 250 mL ethyl acetate. The separated
organic layer was dried with Na,SO,, filtered, and concen-
trated in vacuo to aflord 1.41 g of the crude product as an
amorphous yellow solid. The crude product (1.4 g) at 0° C.
under N, atmosphere was added 50 mL. HFIP followed by
PIDA (1.4 g, 4.3 mmol). The resulting mixture was stirred
for 1 min at 0° C. (PIDA was fully dissolved at this point),
and then 30 mL saturated solution of NaHCO, was added.
HFIP was removed 1n vacuo, and the remaining aqueous
mixture was extracted with 100 mLx3 ethyl acetate. The
combined organic layers were dried over Na,SO,, filtered,
and the filtrate was concentrated 1n vacuo. The crude product
was purifled with S10, flash column chromatography to
afford the title Compound 202 as an amorphous white solid
(0.76 g, 54% over 2 steps).

[0218] Spectral data for 202: "H NMR (500 MHz, Chlo-
roform-d) o 7.14 (d, J=10.1 Hz, 1H), 6.28 (d, J=10.1 Hz,
1H), 5.50 (s, 1H), 5.11-5.02 (m, 1H), 2.97 (ddd, J=13.0, 6.0,
1.7 Hz, 1H), 2.71 (ddt, J=16.5, 6.3, 2.0 Hz, 1H), 2.53-2.39
(m, 2H), 2.34 (app dd, J=12.1, 6.5 Hz, 2H), 2.18 (ddtd,
J=18.6, 103, 4.1, 2.0 Hz, 1H), 1.95 (s, 3H), 1.82 (ddd,
J=12.6, 5.0, 1.4 Hz, 1H), 1.64 (s, 1H), 1.57 (td, J=12.4, 5.6
Hz, 2H), 1.45 (s, 3H), 1.40 (dd, J=12.1, 7.6 Hz, 1H), 0.88 (s,
3H); '*C NMR (150 MHz, Chloroform-d) & 185.4, 159 4,
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151.9, 149.9, 137.9, 128.3, 127.6, 125.4, 124.3, 76.6, 51.7,
44.8,43.3, 36.2, 28.8, 28.4, 25.4, 24.7, 23.6, 10.5; IR (thin
film): 3404, 2923, 2851, 1659, 1625,1607, 1449, 1051, 833,
753 cm'; HRMS (ESI-TOF): calculated for C,,H,.O,[M+
H]*297.1855, found 297.1856; [a],,~"=+156.27 (¢ 0.0032,
CHCL,).

Example 3

[0219] The introduction of unsaturated units at strategic
locations within a steroid tetracyclic skeleton 1s challenging.
While it 1s appreciated that there are examples of structures
with such unsaturation in the chemistry and biology litera-
ture, exploration of this area remains quite cumbersome due
to existing technology suitable for preparation of such
agents.

[0220] The synthetic methods described herein provide
access to molecules bearing unsaturated units at strategic
locations within the steroid tetracyclic (e.g., C19) skeleton,
oflering subtle perturbation of three-dimensional structure 1n
comparison to saturated variants, as well as having distinct
solubility profiles.

[0221] This example demonstrates that introducing addi-
tional unsaturation to an exemplary pregnane skeleton (pro-
gesterone) can have a significant impact on predicted aque-
ous solubility (as indicated by the CLogP values reported
herein, which were calculated from ChemDraw Profes-
sional) and be beneficial for designing more water soluble
molecules 1n the class.

[0222] Notably, additional unsaturation of the agents
induces subtle changes 1n overall shape of the molecules,
which may impart different physical properties, such as
molecular recognition. Such subtle changes may be
exploited in projects aiming to identify synthetic compounds
that display unique potency and selectivity profiles as modu-
lators of medicinally relevant targets such as the GABAA
receptor (GABAAR), pregnane X receptor (PXR), androgen
receptor (AR), farmesoid X receptor (FXR), liver X receptor
(LXR), and estrogen receptors, as well as other medicinally

relevant biological targets (1.e., other nuclear hormone
receptors or kinase targets like CDKS8 and CDK19).

[0223] Comparative Compound 300 (progesterone). The
CLogP was determined to be 4.0 (estimated using
ChemDraw).

Comparative Compound 300

[0224] Compound 301 (8,9-unsaturated). The CLogP for

Compound 301 was determined to be 3.5 (estimated using
ChemDraw) and, therefore, Compound 301 would likely
exhibit increased water solubility relative to progesterone.
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Compound 301

[0225] Compound 302 (8,9,14,15-polyunsaturated). The

CLogP was determined to be 3.1 (estimated using
ChemDraw) and, therefore, Compound 302 would likely
exhibit increased water solubility relative to progesterone.

Compound 302

/

[0226] The introduction of unsaturated units at strategic
locations within a steroid tetracyclic skeleton has a signifi-
cant 1mpact on predicted aqueous solubility. Both Com-
pound 301 and Compound 302 exhibit minor, but likely
exploitable changes 1n three-dimensional structure relative
to progesterone. Similar perturbation of structure 1s obvious
for ent-progesterone, a molecule that has been described as
being of medicinal relevance for the treatment of traumatic
brain injury, and other conditions.

Example 4

[0227] This example provides a chemical advance to
access pharmaceutically relevant steroidal compounds. Ste-
roid 6 was treated 1 Step (a) with an oxidative cleaving
agent to yield Diketone B. Diketone B was subjected to a
dehydration and ring-closing reaction to yield Tetracyclic
Dienone D, a key intermediate for producing further unique
compounds of great medicinal value. The overall sequence
of reactions defines a chemical means to formally 1nvert the
stereochemistry of C13 of Steroid 6, while introducing
medicinally relevant functionality at C135-C17 (an enone of
value for subsequent functionalization).

Me

(a)

OH ——

MeO

Steroid 6
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MeQ)
Diketone B

MeQO

Tetracyclic Dienone D

[0228] Diketone B: To a stirring solution of Steroid 6 (0.25
g 0.84 mmol, 1.0 equiv.) 1n a 3:1 mixture of MeOH (50 mL)

and dichloromethane (10 mL) at —=78° C. was introduced O,
(stream of gas, bubbled into solution) for 2.75 min (O,
pressure: 8 psi, flow rate: 1.0, 90 volt). After this period of
time, dimethyl sulfide was added (1.0 mL, 14 mmol, 17
equiv.), and the reaction mixture was warmed to rt. The
solvents were removed 1n vacuo, and the remaining residue
was partitioned between ethyl acetate and water. The organic
layer was separated, and the aqueous layer was extracted
with ethyl acetate. The combined organic layers were dried
over MgSQO,, filtered, and the resulting filtrate was concen-
trated 1n vacuo. A subsequent purification by S10, tlash
column chromatography afforded 0.17 g of the title com-
pound Diketone B as a yellow o1l (61% 1solated yield, 74%
BRSM).

[0229] 'H NMR (600 MHz, Chloroform-d) & 7.15 (d,
J=8.7 Hz, 1H), 6.81 (dd, J=8.6, 2.8 Hz, 1H), 6.67 (d, J=2.7
Hz, 1H), 4.50 (p, J=5.6 Hz, 1H), 3.80 (s, 3H), 3.03-2.94 (m,
2H), 2.72 (ddd, J=14.9, 8.9, 6.9 Hz, 1H), 2.60-2.48 (m, 2H),
2.25 (ddd, J=18.5, 5.1, 1.3 Hz, 1H), 2.09-2.01 (m, 1H),

2.01-1.90 (m, 3H), 180170(111 1H), 1.37 (s, 3H), 1.16-1.

09 (m, 2H), 0.91 (s, 3H). '*C NMR (151 MHz, Chloroform-
d) 0 220.7, 215.5, 1538.0, 137.2, 133.5, 127.7, 113.3, 113.2,
67.2,55.4,51.2, 48.9,, 47.1, 44.6, 38.4,34.3,32.9,28.7, 28 4,
22.0; IR: 3453, 2960, 2932, 2867, 1736, 1708, 1609,1577,
1503, 1438, 1273, 1076, 1033, 819, 735, 700. HRMS
(ESI- TOF) Calculated for szH2704 [M+H]+33l 1909,

found 331.1903; [a],,~==29.9 (¢ 0.0039, MeOH).

HO

ON

Me putt

p-1sOH
PhMe

MeQ
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L O
Me*
O
t-BuOK
o=
MeOH
MeO (Reflux) 72 Hr
C
Me %
N F
‘ Me
MeO 2
D
535% (2 steps)
[0230] Tetracyclic Dienone D: To a stirrng solution of

Diketone B (0.36 g, 1.1 mmol, 1.0 equiv.) in 36 mLL PhMe
was added p-TsOH (0.27 g, 1.6 mmol, 1.5 equiv.). The
resulting mixture was warmed 1n a 60° C. o1l bath, stirred for
45 min, and then cooled to rt. The reaction mixture was then
diluted with 40 mL dichloromethane, and then 50 mL. water.
The organic layer was separated, and the aqueous layer was
extracted with 3x30 mlL dichloromethane. The combined
organic layers were dried over Na,SO,, filtered and then
concentrated 1n vacuo. The residue (0.369 g) was dissolved
in 55 mL MeOH, and KOt-Bu (0.40 g, 3.5 mmol) was added.
The resulting mixture was warmed with an 82° C. o1l bath
and stirred for 72 hr. After this period, the reaction mixture

ter t
was cooled to rt, and then quenched with 40 mL saturated
solution of NH,Cl. MeOH was removed 1n vacuo, and the
resulting residue was further diluted with 60 mL ethyl
acetate and 100 mL water. The organic layer was separated,
and the aqueous layer was extracted with 6x125 mL ethyl
acetate. The combined organic layers were dried over
Na,SQO,, filtered, and then concentrated 1n vacuo. A subse-
quent purification by S10, flash column chromatography
afforded 0.18 g of the title compound Tetracyclic Dienone D
as a yellow o1l (55% 1solated yield).

[0231] 'H NMR (500 MHz, Chloroform-d) 8 8.04 (d,
J=5.8 Hz, 1H), 7.30-7.18 (m, 1H), 6.76 (dd, J=8.7, 2.8 Hz,
1H), 6.52 (d, J=2.8 Hz, 1H), 6.07 (d, J=5.8 Hz, 1H), 3.76 (s,
3H), 2.93 (ddd, J=15.8, 5.8, 2.2 Hz, 1H), 2.88 (ddd, J=12.6,
5.5,2.2 Hz, 1H), 2.82-2.72 (m, 1H), 2.57 (dt, J=12.6, 6.3 Hz,
JH) 2.50 (dt, J=14.6, 3.7 Hz, 1H), 2.18 (td, J=14.3, 4.0 Hz,
1H), 1.71 (dt, J=12.8, 3.7 Hz, 1H), 1.51 (s, 3H), 127(3 3H),
1.22-1.13 (m, 1H). 13C NMR (126 MHz, Chloroform-d) ¢
212. 05, 157.50, 153.09, 141.40, 138.91, 138.35, 137.52,
129.38, 127.47, 113.15, 112.89, 55.30, 46.59, 40.93, 35.34,
33.95, 33.04, 26.43, 24.66, 22.83. IR: 2960, 2925, 2857,
2360, 2332, 1703, 1497, 1231, 1038, 830. HRMS (ESI-
TOF): Calculated for C,,H,,O,[M+H]"295.1698, found
295.1693; [a],~==56.9 (¢ 0.0035, CHCI,).

[0232] Notably, Tetracyclic Dienone D has been shown to
be prepared through a chemical sequence that mvolves a
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conceptually novel rearrangement 1including a formal iver-
sion of C13 and installation/establishment of a C, 5 ketone.

[0233] From key Tetracyclic Dienone D, many further
compounds may be prepared.

[0234] For example, Compound 400, a novel pregnane, 1s
uniquely accessible 1n a concise and asymmetric fashion
with the chemical technology described herein.

[0235] Compound  400—(10S5,13R,17S)-17-((S)-1-hy-
droxyethyl)-10,13-dimethyl-6,7,10,11,12,13,16,17-0cta-
hydro-3H-cyclopental a]phenanthren-3-one

Me

Me mmn(H.

I”“H

[0236] Compound 400 was prepared starting from Tetra-
cyclic Dienone D as shown below.

[RhC1(PPh3)3]

Me O
2
-
CeHg
a 07%

MeQO
Me %
y
Me
MeO
E
[0237] Tetracyclic Ketone E: To a stirrng solution of

Wilkinson’s catalyst (45 mg, 0.049 mmol, 0.1 equiv.) and D
(145 mg, 0.49 mmol, 1 equiv.) 1n dry benzene (5 mL) was
bubbled N, for a period of 15 minutes. Subsequently, H, gas
was bubbled into the solution while stirring for three min-
utes and then the reaction mixture was stirred under 1 ATM
H, for 5 hours until the starting material was consumed (as
indicated by TLC analysis). The solvent was then removed
under reduced pressure and the crude material was purified
by flash column chromatography to yield 134 mg of the title
compound E as a clear film (97% 1solated yield).

[0238] 'H NMR (500 MHz, Chloroform-d) & 7.22 (d,
J=8.7 Hz, 1H), 6.73 (dd, ]=8.6, 2.8 Hz, 1H), 6.59-6.56 (m,
1H), 3.76 (s, 3H), 2.90-2.83 (m, 1H), 2.82-2.65 (m, 3H),
2.65-2.54 (m, 2H), 2.44-2.34 (m, 1H), 2.20-2.06 (m, 1H),
1.95-1.84 (m, 1H), 1.83-1.78 (m, 1H), 1.78-1.72 (m, 1H),
1.71-1.63 (m, 1H), 1.37 (s, 3H), 1.17 (s, 3H). >*C NMR (126
MHz, Chloroform-d) & 219.53, 157.35, 138.03, 137.95,
137.54, 126.87, 113.53, 112.34, 5531, 48.52, 38.98, 36.34.
35.03, 31.70, 30.55, 26.74, 24.62, 24.09, 22.90. IR: 2958,
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2926, 2863, 1740, 1608, 1498, 1450, 1272, 1234, 1039, 814.
Calculated tor C,H,-O,[M+H]*297.1855, found 297.1854;
[a]*°=71.1 (c 0.003, CHCL,).

Me %
EtPPhs;Br
t-BuOK
-
THE
X 7 -78° C. to t
‘ Me
MeO 2
E
_ e T
Me /
1. 9BBN, THF
-
i, NaOH:H,05 (2:1)
/ 11 22
‘/\ 0° C.tort
B MeO”
DIBALH
-
PhMe
120° C.
MeO
H
31% (3 steps)
[0239] Tetracyclic Phenol H: To a round bottom flask

under N, containing t-BuOK (360 mg, 3.2 mmol, 5 equiv.)
and EtPPh,Br (1.40 g, 3.2 mmol, 5 equiv.) was delivered 6.5
mlL THF. The resulting suspension was cooled to -78° C.,

and E (190 mg, 0.64 mmol, 1 equiv.) was subsequently
introduced as a solution mm THF (1.5 mL) in a dropwise
manner. The resulting solution was stirred for 15 minutes at
—78° C. (dry ice/acetone bath), then allowed to warm to
room temperature overnight. After the reaction was judged
to be complete by TLC analysis, the solvent was removed
under reduced pressure. The resulting solid residue was
dissolved 1 1:5 EtOAc: hexanes (45 mlL) and filtered
through a thin pad of silica. The filtrate was concentrated to
yield a clear o1l to which 9BBN (0.5 M 1n THF, 9 mL, 4.5
mmol, 7 equiv.) was delivered. The resulting solution was
stirred at ambient temperature under N, for 36 hours. The
reaction was quenched with 15 mL of a 2:1 solution of

aqueous 10% NaOH: 30% H,O, in H,O, and the resulting
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opaque solution was allowed to stir overnight. The solution
was then diluted with 20 mL ethyl acetate and 15 mL water.
The organic layer was separated, and the aqueous layer was
extracted with 4x40 mL ethyl acetate. The combined organic
layers were dried over Na,SQO,, filtered, and then concen-
trated 1n vacuo. To a stirring solution of the resulting crude
material in 9 mL anhydrous toluene at rt under N, atmo-
sphere was added DIBAL-H (1.0 M in hexanes, 9.0 mL, 9.0
mmol, 14 equiv.). The resulting mixture was refluxed for
approx. 20 hr (o1l bath maintaimned at —-120° C.) and then
cooled to rt. Small chunks of 1ce were slowly added, and the
resulting mixture was further diluted with 5 mL. H,O and 10
ml. EtOAc, then acidified with 1M aqueous hydrochloric
acid (15 mL). The organic layer was separated, and the
aqueous layer was extracted with 4x20 mlL ethyl acetate.
The combined organic layers were dried over Na,SO,,
filtered, and then the resulting filtrate was concentrated 1n
vacuo. The crude product was purified by S10, flash column
chromatography to aflford 88 mg of the title compound H as
an amorphous white solid (31% 1solated yield over 3 steps).
[0240] Spectral Data for H: 'H NMR (600 MHz, Metha-
nol-d,) ¢ 7.11 (d, J=8.6 Hz, OH), 6.54 (dd, J=8.5, 2.7 Hz,
OH), 6.41 (d, J=2.7 Hz, OH), 3.68 (dq, J=7.9, 6.3 Hz, OH),
2.80-2.62 (m, 1H), 2.46 (ddd, J=13.3, 6.0, 2.9 Hz, OH),
2.39-2.31 (m, 1H), 2.27 (ddd, J=14.3, 5.0, 3.4 Hz, OH),
2.02-1.84 (m, 1H), 1.76-1.63 (m, 1H), 1.28 (s, 1H), 1.23 (dXt,
J=11.7, 7.6 Hz, OH), 1.18 (d, J=6.3 Hz, 1H), 1.09 (td,
J=13.0, 12.6, 3.0 Hz, OH), 0.96 (s, 1H). "°C NMR (151
MHz, Chloroform-d) o 1835.68, 166.56, 153.34, 146.44,
135.17,127.99, 126.26,123.52, 118.34, 82.16,47.12, 46.32,
46.27, 44.63, 29.84, 29.23, 28.95, 27.16, 2478, 24.71,
23.45, 17.51.

PIDA
-

0" C.
37%

5:1
Steroid 6 61%

O
(Ozone
. -
CH-Cl,:MeOH ‘@ PhMe
MeQ
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TiLLL OH

[0241] Compound 400 (Pregnane 1): The tetracyclic phe-
nol H (50 mg, 0.16 mmol, 1 equiv.) was dissolved 1n 1.6 mL
HFIP, cooled to 0° C. under N, atmosphere, and stirred for
20 min. PIDA (49 mg, 0.15 mmol, 0.95 equv.) was added
to the reaction mixture, stirred for 1 min at the same
temperature (until PIDA appeared to be fully dissolved), and
then 1 mL saturated solution of NaHCO, was added. HFIP
was subsequently removed from the reaction mixture under
vacuum, and the resulting material was diluted with 10 mL
cthyl acetate. The organic layer was separated, and the
aqueous layer was extracted with 3x20 mlL ethyl acetate.
The organic layers were combined and dried over Na,SQO,,
then filtered, and the filtrate was concentrated in vacuo. The
crude product was purified with S10,, tflash column chroma-
tography to afford 18 mg of the polyunsaturated pregnane I
as a clear film (37% 1solated yield).

[0242] 'H NMR (600 MHz, Chloroform-d) & 7.23 (d,
J=10.2 Hz, 1H), 6.25 (dd, J=10.2, 1.9 Hz, 1H), 6.13 (d, I=1.7
Hz, 1H), 5.49 (t, J=2.6 Hz, 1H), 3.91 (dt, ]=8.7, 5.6 Hz, 1H),
2.79-2.69 (m, 1H), 2.58-2.46 (m, 6H), 2.40-2.32 (m, 2H),
1.97 (dt, J=12.8, 3.2 Hz, 1H), 1.75 (dt, J=10.0, 8.2 Hz, 1H),
1.49-1.40 (m, 4H), 1.27 (d, J=6.0 Hz, 4H), 0.89 (s, 3H). 1*C
NMR (151 MHz, Chloroform-d) § 185.71, 166.57, 153.43,
148.69, 134.25, 127.93, 125.64, 123.45, 120.13, 69.12,
58.94, 44.51, 44.29, 35.60, 34.04, 29.94, 29.86, 28.84,
23.73, 23.48, 16.34.

[0243] The general scheme for preparing Compound 400
1s summarized below:

Diketone B C

KOt-Bu, MeOH

reflux
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-continued
Me
L “H'IIOH
Me | Me %
mn
Me 1) Wilkinson’s cat, Hy (97%)
2) Wittig reaction
\ /
N 3) 9-BBN, then NaOOH X
- Me
4y DIBAL, PhMe (31% over three steps)
0O 5) PIDA, HFIP (37%) MeO/ Z
Compound 400/Pregnane I Tetracyclic Dienone D
a polyunsaturated pregnane 35% (2 steps)

[0244] Likewise, Compound 401, an androstane, 1is
uniquely accessible 1n a concise and asymmetric fashion
with the chemical technology described herein.

[0245] Compound 401—(105,135,175)-17-hydroxy-10,
13-dimethyl-6,7,10,11,12,13,16,17-octahydro-3H-cyclo-
pental o.Jphenanthren-3-one

[0246] Compound 401 was prepared from Tetracyclic
Dienone D as shown below. In particular, Tetracyclic
Dienone D was treated 1n Step (¢) (1. Wilkinson’s cat, H;
2. DIBALH, PhMe; 3. PIDA, HFIP) to yield Compound
401.

Me ?
(c)
— -
N P
Me
Mo N
Tetracyclic Dienone D
Me OH
”“"H
Me
A
O
Compound 401
[0247] This example built on the chemistry previously

described herein, particularly in Example 1 by providing a
novel sequence of ring-opening, dehydration, and ring-
closing to alter the stereochemistry at C13 as well as install
a ketone functional group at C17.

[0248] The processes and intermediates described herein,
particularly Tetracyclic Dienone D, are valuable as a means
ol accessing both polyunsaturated pregnane and androstane
skeletons through simple sequences of reactions.

[0249] In sum, the technology described herein greatly
expands the type of tetracyclic terpenoid skeletons that can
be easily prepared. Because compounds accessible with this
technology are in a pharmaceutically privileged space, such
compounds may be useful as active pharmaceutical agents
(API) or 1n the synthesis/production of an API.

Example 5

[0250] This example describes enhanced levels of stereo-
selection 1n the mismatched double asymmetric Friedel-
Crafts Cyclization, which 1s also eflective for the matched
double asymmetric reaction.

[0251]
asymmetric Friedel-Crafts cyclization have been observed

Highest selectivities for the mismatched double

with substrates that do not have a free hydroxy group. It 1s
believed that substrates bearing suitably acidic functional

groups can be problematic 1n this double asymmetric cycl-
1zation owing to the fact that the substrate itself can serve as

a source of Bronstead acid for the cationic cyclization. In the
example shown below, the hydrindane substrate 14 pos-
sesses a methyl ether at the steroidal C16 position rather than
a Iree hydroxy group.

Mismatched double asymmetric reaction

Me
TMS
(S)-BINOL, SnCly
mun{)Me -
CH,Cl,, -78° C.
Et 62%

/

X OMe
14
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-continued
Me

MeO
Compound 500
Me
nmn(QMe
AN F
Et
MeO/ =
Compound 501
major product
(1:10; 500:501)

[0252] Mismatched double asymmetric reaction: Selective
generation of tetracycle 501—To a stirred solution of (S)-
BINOL (132 mg, 0.461 mmol, 1.2 equiv.) in CH,CI, (3 mL)
cooled with a —78° C. dry ice/acetone bath was added SnCl,
(0.384 mL, 0.384 mmol, 1.0 M in CH,Cl,, 1.0 equiv.). The
solution was stirred for —30 minutes at —78° C. before the
addition of hydrindane 14 (133 mg, 0.384 mmol, 1 equiv.)
in CH,CIl, (1 mL). The reaction mixture was stirred at —78°
C. for 1 hour before being warmed to rt where 1t was stirred
for another hour before adding sat. ag. NH,C1 (1 mL). The
biphasic solution was stirred for 1 hour before being trans-
terred to a separatory funnel. The phases were separated, and
the aqueous phase was extracted with CH,Cl, (3x10 mL).
The combined organic phase was washed with 5% NaOH (1
ml.), dried over Na,SO,, filtered, and concentrated 1n vacuo.
The resulting crude product was purified by flash chroma-
tography with a Biotage @ Snap Ultra 25 g column and a
gradient from 0-20% EtOAc 1n hexanes to aflord the cor-
responding tetracycles as a mixture of the anti- (500) to syn-

(501) 1somers (62%, dr 1:10) as a white foam.

[0253] Analytical data for Compound 501: "H NMR (600
MHz, CDCl;): 0 7.15 (d, J=8.6 Hz, 1H), 6.71 (dd, J=8.6, 2.8
Hz, 1H), 6.60 (d, J=2.8 Hz, 1H), 4.15-4.08 (m, 1H), 3.77 (s,
3H), 3.33 (s, 3H), 2.96-2.90 (m, 1H), 2.78-2.71 (m, 2H),
2.5-2.43 (m, 1H), 2.41-2.35 (m, 1H), 2.32-2.21 (m, 2H),
2.16-2.12 (m, 1H), 1.80-1.74 (m, 1H), 1.71-1.60 (m, 4H),
1.33-1.29 (m, 1H), 0.88 (s, 3H), 0.72 (t, J=7.5 Hz, 3H); "°C
NMR (150 MHz, CDCl;): 0 157.2 (C), 138.3 (C), 137.8 (C),
137.0 (C), 131.0 (C), 127.8 (CH), 113.3 (CH), 111.4 (CH),
80.2 (CH), 57.0 (CH,), 55.2 (CH,), 48.7 (C), 41.1 (C), 34.5
(CH,), 33.7 (CH,), 33.3 (CH,), 30.9 (CH,), 30.0 (CH,),
25.8 (CH,), 24.8 (CH,), 10.0 (CH,); IR (neat, cm™"): 2934
(s), 1608 (m), 1576 (w), 1497 (s), 1464 (m), 1371 (mm), 1309
(w), 1260 (m), 1231 (m), 1192 (w), 1167 (w), 1101 (s), 1043
(m), 865 (w), 815 (w); HRMS (ESI-TOF) (m/z): [M+H]"
calcd for C,,H,,0, 327.2324; found, 327.2312; [0t]se0~>":
-93.462 (c 0.0015, CHCI,).

[0254] Analytical data for Compound 500: 'H NMR (600
MHz, CDCl;): 6 7.21 (d, J=7.3 Hz, 1H), 6.70 (dd, J=8.7, 2.8
Hz, 1H), 6.58 (d, J=2.8 Hz, 1H), 4.14-4.07 (m, 1H), 3.77 (s,
3H), 3.30 (s, 3H), 2.91-2.80 (m, 3H), 2.46-2.40 (m, 1H),
2.36-2.25 (m, 2H), 2.14-2.08 (m, 1H), 2.04-1.93 (m, 2H),
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1.69-1.50 (m, 3H), 1.22-1.14 (m, 2H), 1.04 (s, 3H), 0.77 (x,
J=14.7 Hz, 3H); '°C NMR (150 MHz, CDCl,): 6 157.3 (C),
138.7 (C), 138.6 (C), 138.3 (C), 131.1 (C), 125.9 (CH),
114.0 (CH), 111.4 (CH), 79.8 (CH), 56.9 (CH,), 55.2 (CH,),
48.2 (CH,), 43.2 (C),41.1 (C), 36.0 (CH,), 34.7 (CH,), 33.7
(CH,), 31.4 (CH,), 28.2 (CH,), 25.6 (CH,), 24.3 (CH,), 9.5
(CH,); IR (neat, cm™"): 2955 (s), 1606 (m), 1497 (s), 1463
(m), 1371 (m), 1338 (m), 1245 (s), 1206 (w), 1168 (w), 1144
(m), 1121 (m), 1099 (m), 1040 (m), 999 (m), 867 (s), 848 (s),
816 (m), 749 (m); HRMS (ESI-TOF) (m/z): [M+H]™ calcd
for C,,H,,0, 327.2324; found, 327.2319; [at].co- " +95.
617 (c 0.00016, CHCI,).

Matched double asymmetric reaction

Me
TMS
IjQHHHIOMe
Et =
;\

(R)-BINOL, SnCly

-

CH,Cl,, -78° C.
52%

\/\OMe
Me
. nimnn(OMe +
MeO
Compound 500
major product
(20:1; 500:501)

mnn{O)Me

X

Et

F

MeO
Compound 501

[0255] Matched double asymmetric reaction: Selective
generation of tetracycle 500—To a stirred solution of (R)-
BINOL (61 mg, 0.212 mmol, 1.2 equiv.) in CH,C1, (1 mL)
cooled with a -78° C. dry ice/acetone bath was added SnCl,
(0.177 mL, 0.177 mmol, 1.0 M in CH,Cl,, 1.0 equiv.). The
solution was stirred for 30 minutes at —78° C. before the
addition of hydrindane (70 mg, 0.177 mmol, 1 equiv.) 1n
CH,CI, (1 mL). The reaction mixture was stirred at —78° C.
for 1 hour before being warmed to rt where 1t was stirred for
another hour before sat. aq. NH,Cl (1 mL) was added. The
biphasic solution was stirred for 1 hour before being trans-
terred to a separatory funnel. The phases were separated, and
the aqueous phase was extracted with CH,Cl, (3x10 mL).
The combined organic phase was washed with 5% NaOH (1
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ml.), dried over MgSQO,, filtered, and concentrated 1n vacuo.
The resulting crude product was purified by flash chroma-
tography with a Biotage® Snap Ultra 25 g column and a
gradient from 0-20% EtOAc 1n hexanes to aflord the cor-

responding tetracycles as a mixture of the anti- (500) to syn-
(501) 1somers (52%, dr 20:1) as a white foam.

Example 6

[0256] Prostatic epithelial hyperplasia 1s evident in mice
lacking ER [ suggesting that ER[3 may play a role in limiting
proliferation in the prostate. These data suggest that phar-
macological activation of ER[3 may be useful in treatment of
prostate cancer. The DU-145 prostate cancer cell line only
expresses ER[3 and can be used as a model to examine the

activation of ERp 1n the absence of any potential confound-
ing signal driven by ERca. Alkaline phosphatase (ALP)
expression 1s induced 1n an ER-dependent manner and has
been used to characterize the activity of synthetic ER
agonists and antagonists.

[0257] In order to examine the ability of Compound 100
and Compound 101 to activate ER3 1n the context of a cell
line expressing endogenous ER, DU-145 cells were treated
for 24 hours with either 17p-estradiol, Compound 100, or
Compound 101 and ALP activity derived from the cells was
examined. As shown in FIG. 2, 173-estradiol was eflective
in 1inducing ALP activity as expected. Additionally, both
Compound 100 and Compound 101 were effective at induc-
ing ALP to levels comparable to 173-estradiol. These data
are consistent with Compound 100 and Compound 101
functioning as ER[3 agonists.

[0258] EXAMPLE 7. To determine the biological eflect of
Compound 100 and Compound 101, human glioblastoma-
derived cell lines U251 and U8/ were treated with varying
concentrations of Compound 100, Compound 101, temazo-
lomide (TMZ; a standard of care chemotherapeutic agent),
or vehicle-toxicity control, dimethylsulifoxide (DMSO) used
at final volumes that were 1dentical to those used to attain all
concentrations tested of Compound 100 and Compound 101.
Remarkably, Compound 100 and Compound 101 demon-
strated 1nhibition of glioma cell growth (IC.,) at a 50-fold
lower concentration when compared to TMZ after 24 hours
(FIG. 3A). Furthermore, when cell viability was assessed
every 24 hours for 5 days, Compound 100 and Compound
101 reduced wiability and the resulting proliferation of
glioblastoma lines 1n a dose dependent manner compared to
cells that were incubated with TMZ or DMSO (FIG. 3B).
More importantly, cell viability of human neural stem cells
as well as human astrocytes was not aflected at the equiva-
lent concentration, demonstrating that both Compound 100
and Compound 101 have glioma-specific cytotoxic activity.
This was further confirmed by MTT cell viability assays
wherein Compound 100 and Compound 101 treatment sig-
nificantly reduced the growth of glioblastoma cell lines 1n a
dose-dependent manner.

[0259] In order to elucidate the mechanism of this cell
death, glioblastoma cells treated for 24 hours with Com-
pound 100, Compound 101, TMZ, or DMSO control were
analyzed for early and late apoptosis markers (Annexin V
and 7-Aminoactinomycin D) by FACS analyses. These
experiments revealed a 7-fold higher induction of apoptosis
in U231 and U87 cells treated with Compound 100 or
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Compound 101 compared to cells treated with either TMZ
or DMSO controls (FIG. 3C). Additionally, over a period of
five days, morphological changes in U251 and UR87 cells
treated with Compound 100 and Compound 101 were
tracked using the Incucyte live cell 1maging system.
Increased loss of adherence and cellular integrity were
observed following treatment of U231 and U877 with Com-
pound 100 and Compound 101, correlating with the
decreased viability and increased cell death observed pre-
viously; similar behavior was not seen with human neural
stem cells as well as human astrocytes (FIG. 3D).

[0260] Compound 100 and Compound 101 each demon-
strated 1nhibition of glioma cell growth (IC.,) at a 50-told
lower concentration when compared to TMZ after 24 hours.
Moreover, Compound 100 and Compound 101 each reduced
viability and the resulting proliferation of glioblastoma lines

in a dose dependent manner compared to cells that were
incubated with TMZ or DMSO. Finally, cell viability of

human neural stem cells as well as human astrocytes was not
aflected at the equivalent concentration, demonstrating that
both Compound 100 and Compound 101 have glioma-
specific cytotoxic activity.

[0261] Data presented herein show that Compound 100
and Compound 101 each reduce cell viability, decrease
survival, and induce apoptosis selectively 1n glioblastoma
cells. In comparison to 17p-estradiol, Compound 100 and
Compound 101 have a unique profile for selective agonism
of ER{} (FIG. 1). Furthermore, initial in vivo toxicity studies
with Compound 100 and Compound 101 suggest that (1)
neither compound 1s toxic and (11) each compound reduces
the growth of established tumors.

[0262] The data support the use of Compound 100 and
Compound 101 as therapeutic agents against gliomas that
are resistant to all currently available treatment modalities.

[0263] It 1s understood that the foregoing detailed descrip-
tion and accompanying examples are merely illustrative and
are not to be taken as limitations upon the scope of the
invention, which 1s defined solely by the appended claims
and their equivalents. Various changes and modifications to
the disclosed embodiments will be apparent to those skilled
in the art. Such changes and modifications, including with-
out limitation those relating to the chemical structures,
substituents, derivatives, intermediates, syntheses, formula-
tions, or methods, or any combination of such changes and
modifications of use of the invention, may be made without
departing from the spirit and scope thereof.

[0264] All references (patent and non-patent) cited above
are incorporated by reference into this patent application.
The discussion of those references i1s intended merely to
summarize the assertions made by their authors. No admis-
sion 1s made that any reference (or a portion of any refer-
ence) 1s relevant prior art (or prior art at all). Applicant
reserves the right to challenge the accuracy and pertinence
of the cited references.

1-12. (canceled)

13. A compound or salt thereol, wherein the compound
has a structure corresponding to Formula (I-A1.1), (I-A2.1),
(I-A3.1), (I-A4.1), (I1I-A1.1), (II-A2.1), (II-A3.1), (II-A4.1),
OR(III-D1):
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y R174
R R17B

Rl 74

R13 R 173
Rg 1111 D
(R*), OR
/@/i
RAXO =
RITA

RITA

(I-A1.1)

(I-A2.1)

(I-A3.1)

(I-A4.1)

(II-A1.1)

(I1-A2.1)

(I1-A3.1)
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-continued
. (I1-A4.1)
R13 § 178
R
|||||||O]§{*’]3i
. (I1I-D1)
R13 & 178
R,

wherein n 1s an integer selected from the group consisting
of 0, 1, 2, 3, and 4;

m 1s an iteger selected from the group consisting of O, 1,
2, and 3;

each R* is independently selected from the group con-
sisting of hydrogen, C,_,,-alkyl, C,_,,-alkenyl, C,_, -
alkynyl, C,_,,-haloalkyl, halogen, —OR™**, SR,
—S(0O),NR“'R*, —S(0),R“, —S(O)RA,
—NR“'R**, —N(R“H)C(O)R*?, —N(R“")S(0O),R*,
Cq. o-aryl, and 5- to 10-membered heteroaryl,
wherein R** is hydrogen, C, .-alkyl, C,_,,-alkenyl,

C,_;o-alkynl, C,_,-haloalkyl, —C(O)—C, _, ,-alkyl,
—C(0)—C_,qaryl, —C(O)-heteroaryl, —C(O)—
O0—C,_,,-alkyl, —C(O)—0—C_, -aryl, —C(O)—
O-heteroaryl, —C(O)—NR“'R*, —S(0)
,NR“'R**, —S(0),R*", C.,,aryl, or 5- to
10-membered heteroaryl,
wherein R** is hydrogen, C,_.-alkyl, C,_,,-alkenyl,
C,_;o-alkynl, C,_,-haloalkyl, —C(O)—C, _, ,-alkyl,
—C(0)—C,_, -aryl, —C(O)-heteroaryl, C_, ,-aryl,
or 5- to 10-membered heteroaryl,
wherein each of R“! and R“* are independently hydro-
gen, C,_,o-alkyl, C,_,,-alkenyl, C,_,,-alkynyl, C,_, -
haloalkyl, C,_,,-arvl, 5- to 10-membered heteroaryl,
hydroxy, or C,_.-alkoxy;

R” is selected from the group consisting of hydrogen,
C,_;o-alkyl, C,_,,-alkenyl, C,_,,-alkynyl, C, _,,-haloal-
kyl, halogen, —(CH,), —C._,,-aryl, and —(CH,)_-5-
to 10-membered heteroaryl;

R'® is selected from the group consisting of hydrogen,
C,_,o-alkyl, C,_,,-alkenyl, C,_,,-alkynyl, C, _,,-haloal-
kyl, halogen, —(CH,), —C._,,-aryl, and —(CH,)_-5-
to 10-membered heteroaryl;

R" is selected from the group consisting of C, _, ,-alkyl,
C,_,q-alkenyl, C,_, ,-alkynyl, C, _, ,-haloalkyl, —(CH,)
-Ce_iomaryl, and —(CH,), -5- to 10-membered het-
eroaryl;

each of R'""# and R' " are independently selected from the
group consisting of hydrogen, C,_,,-alkyl, C,_,,-alk-
enyl, C,_,,-alkynyl, C, , ,-haloalkyl, halogen, hydroxy,
C, ¢-alkoxy, C,_,,-alkyl-C(O), —C(O)—C,_,,~alkyl,
—C(0)—C, _,5-hydroxyalkyl, —C(O)—C,_,,-alkyl-
Ceo-aryl, —C(O)—C, _, y-alkyl-heteroaryl, —C(O)—
Ceo-aryl, —C(O)-heteroaryl, —O—C(O)—C, _.-al-
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kyl, C._,5-aryl, and 3- to 10-membered heteroaryl, or
R'7“ and R'’” together form an oxo;

R” is selected from the group consisting of hydrogen,
C,_salkyl, C,_,,-alkenyl, C,_ ,-alkynyl, C,_,,-haloal-

kyl, —C(0)—C,_p-alkyl, —C(O)—Cy_ip-aryl,
—C(O)-heteroaryl, —C(0)—0—C, _,yalkyl,
—C(0)—0—C_,aryl, —C(O)—O-heteroaryl,

—C(O)—NR“'R*, C._,-aryl, and 5- to 10-membered
heteroaryl;

independently represents a single bond or a
double bond; and

wherein any C,_,5-aryl or 5- to 10-membered heteroaryl

1s optionally substituted with one or more halogen,
hydroxy, C, _.-alkyl, C,_.-haloalkyl, or C,_c-alkoxy.

14. The compound or salt of claim 13, wherein the
compound has a structure corresponding to:

Compound 100

Compound synl00a

mmn{()H

Compound 101

Compound synl0Ola

HO
Compound 102
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MeQ)

3

Compound 103

Compound 104

Compound 105

Compound 106

Compound 107

Compound 108

Compound 109
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Me
|||||||OH
g0
HDx’“\.
Me
mnn(QH
F ‘/g\/
Bn
N Y
Me
g0
HDJ’\\

=
HO N
Me
gn
- OH
P F
Me
HO X

Compound 110

Compound 111

Compound 112

Compound 113

Compound 114

Compound 115

Compound 116
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1-Pr

1-Pr

mmn(Q)H

1-Pr

nmn(OQH

Et

HO
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Compound 117

Compound 118

Compound 119

Compound 120

Compound 121
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/ 1-Pr

||||||| OH
/\‘ F
Bn
. /ﬁ/\/
Me

1-Pr

-
O

1-Pr

‘ Me
A Y
)/1Pr
O
/
Et
HO
/i-Pr

Compound 122

Compound 123

Compound 124

Compound 125

Compound 126
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/i-Pr

OH

2

HO

1-Pr

OH

g
HO X
1-Pr
i QH
F P
‘ Me
0 XN
/i-Pr

\
/ \
(22

HO

Compound 127

Compound 128

Compound 129

Compound 130

Compound 131

Compound 132
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Ph

mmnnm()H

\}%
I
=7

\

N Y Yge
Ph
MeO
‘. nnmmQOH
HO ‘ ‘
/i—Pr
mnn () H
7
r0” X
1-Pr

nmm{(O)H

Ph

mnn{()H

Bn

HO

Compound 133

Compound 134

Compound 135

Compound 136

Compound 137

Compound 138
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74
o™ N
7
o N

MeQO

/7 \

HO

/ \

HO
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-continued

Ph
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Compound 139

Compound 140

Compound 141

Compound 142

Compound 143

Compound 144
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-continued -continued
Compound 145 Compound 150
/i—Pr 1-Pr
o ‘. o
/\‘ E
o~ Y HO
Me Me
| Compound 146 Compound 151
1-Pr Me
/
/ nmmn(OH

\

T Bn
OH
HO
Me
HO
Compound 152
Me
Compound 147
/
10 N
Me

Compound 153

\

MeO
Compound 148 nnmQH
Me

Ft Compound 154

HO MeO

Compound 149 =

1-Pr
e

. 1o N

= Compound 155
7 =
‘ Bn
HO XN




US 2024/0010670 Al
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\"EJ

OH

HO

Ph

OH

Ph

OH

HO

\

4

HO

Me

Compound 156

Compound 157

Compound 158

Compound 159

Compound 160

Compound 161

44

7\

Me

\

MeO/ 7

HO
MBO/IC/

RN
X
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Compound 162
Me

OH

Compound 500

mnn(OMe

Compound 501

mnn{(O)Me.

~_

15. The compound or salt of claim 13, wherein the
compound has a structure corresponding to:

HO

HO

Mﬂff;, mmn{()}H

F

R
N

/ =

\
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Me
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-continued

16. The compound or salt of claim 13, wherein the
compound has a structure corresponding to:

Me
Me O
l,”“, H
Me
\
O
Me
Me mnn(QOH
l”” H
Me
AN
O
Me OH
" H.
Me

17. A method for treating a disease or condition selected
from cancer, inflammation, neurodegeneration, spinal cord

imjury (SCI), multiple sclerosis (MS), Parkinson’s disease
1sease (AD), the method comprising

(PD), or Alzheimer’s ¢
ject 1n need thereotf a therapeutically

administering to a sub
ective amount of a compound or a pharmaceutically

el
acceptable salt or prodrug of claim 13.

18. The method of claim 17, wherein the disease 1s cancer
and the cancer i1s breast cancer, prostate cancer, ovarian
cancer, acute myeloid leukemia, or glioma.

19. A pharmaceutical composition comprising a com-
pound or a pharmaceutically acceptable salt or prodrug of
claiam 13 and a pharmaceutically acceptable excipient.

20. A composition comprising a compound or a pharma-
ceutically acceptable salt or prodrug of claim 13, wherein
the composition has not more than 15% of an enantiomeric

impurity.

21. The compound or salt of claim 13, wherein the
compound has a structure corresponding to Formula (I-Al.
1), I-A2.1), (I-A3.1), or (I-A4.1).

22. The compound or salt of claim 21, wherein n is 0, R**
is C, .-alkyl, R” is C,_,,-alkyl, C,_,,-haloalkyl, halogen, or
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—(CH,),—C,._,,aryl, R is C,_,,-alkyl, C,_,,-haloalkyl,
or —(CH,) —C. ,,-aryl, R'"* and R'"” are selected from
the group consisting of hydrogen, C,_.-alkyl, hydroxy, C, -
alkoxy, and —C(O)—C, _,,-alkyl, and R” is hydrogen or
C, _s-alkyl.

23. The compound or salt of claim 22, wherein R” is
C,_,o-alkyl and R"* is C,_,,-alkyl.

24. The compound or salt of claim 13, wherein the
compound has a structure corresponding to Formula (II-Al.
1), (II-A2.1), (II-A3.1), or (1I-A4.1)

25. The compound or salt of claim 24, wherein n is 0, R'”
1s C,_,,-alkyl, C,_,,-haloalkyl, halogen, or —(CH,), —C._
o-aryl, R*> is C,_, ,-alkyl, C,_,,-haloalkyl, or —(CH,) —
C,_,o-aryl, R'"? and R'"” are selected from the group con-
sisting of hydrogen, C,_s-alkyl, hydroxy, C,_-alkoxy, and
—C(0)—C, _,,-alkyl, and R” is hydrogen or C,_.-alkyl.

26. The compound or salt of claim 25, wherein R' is
C,_,o-alkyl and R"* is C,_, ,-alkyl.

27. The compound or salt of claiam 13, wherein the
compound has a structure corresponding to Formula (III-
D1).

28. The compound or salt of claim 27, wherein R' is
C,_,qalkyl, C,_,,-haloalkyl, halogen, or —(CH,) —C,_,,-
aryl, R*" is C,_,,-alkyl, C, _, ,-haloalkyl, or —(CH.,), —C,_
1o-aryl, and R'# and R'’” are selected from the group
consisting of hydrogen, C, _-alkyl, hydroxy, C, _-alkoxy,
and —C(O)—C, _,,-alkyl.

29. The compound or salt of claim 28, wherein R' is
C,_o-alkyl and R"’ is C,_,,-alkyl.
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