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ISOTHIAZOLIDINE 1 ,1 -DIOXIDE AND 1 ,4-BUTAN SULTONE
CONTAINING RAPAMYCIN DERIVATIVES AND USES THEREOF

CLAIM OF PRORITY
This application claims priority from U.S.S.N. 62/824,190 filed March 26, 2019,
the contents of which is incorporated herein by reference in its entirety.
FIELD
This disclosure relates to C16-rapamycin derivatives that are inhibitors of

mTORC]1.

BACKGROUND

In mammalian cells, the target of rapamycin (mTOR) kinase exists in two distinct
multiprotein complexes, described as the mTORC1 complex and the mTORC2 complex, both
of which sense the availability of nutrients and energy, and integrate inputs from growth
factors and stress signaling. mTORCI integrates signals from growth factors and nutrients
and controls cell growth and metabolism (Laplante M. ef al. Cell. (2012) 149(2):274-93).
mTORCI is a key regulator of protein translation and autophagy. mTORCI] is sensitive to
allosteric mTOR inhibitors such as rapamycin and rapamycin analogs (so called ‘rapalogs’).
Rapamycin and previously-produced rapalogs’ mode of action involves the formation of an
intracellular complex with the FK506 binding proteins, such as FKBP12, FKBP12.6,
FKBP13, FKBP25, FKBP51, or FKBP52 (these FKBPs will be referenced here as “FKBP” or
“FKBPs”), followed by the binding of the FKBP-rapalog complex to the FRB (FK506-
rapamycin binding) domain of mTOR. Méirz A M. et al. Mol Cell Biol. (2013) 33(7):1357-
1367. Such interaction of the FKBP-rapalog complex with mTORCI1 results in allosteric
inhibition of mMTORC1. Rapamycin and rapalogs, such as RADO0O1 (everolimus; Afinitor®),
have gained clinical relevance by inhibiting the activity of mTORCI1, which is associated
with both benign and malignant proliferation disorders. Royce M .E. ef al. Breast Cancer
(Auckl). (2015) 9:73-79; Pleniceanu O. et al. Kidney Int Rep. (2018) 3(1):155-159, and a
variety of other indications.

Rapamycin is a known macrolide antibiotic produced by Strepfomyces hygoscopius,
see e.g. McAlpine, J B, et al., J. Antibiotics (1991) 44:688; Schreiber, S.L.;efal.,J. Am.
Chem. Soc. (1991) 113:7433; US Pat. No. 3,929,992. The following numbering convention

for rapamycin and its derivatives used in this document is shown below:
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Rapamycin is a potent immunosuppressant and has also been shown to have antitumor
and antifungal activity. It has been shown to be useful in preventing or treating systemic
lupus erythematosus, pulmonary inflammation, insulin-dependent diabetes mellitus, skin
disorders such as psoriasis, smooth muscle cell proliferation and intimal thickening following
vascular injury, adult T-cell leukemia/lymphoma, malignant carcinomas, cardiac
inflammatory disease, anemia and increased neurite outgrowth. Its utility as a
pharmaceutical, however, is restricted by its very low and variable bioavailability. Moreover,
rapamycin is challenging to formulate, making it difficult to obtain stable galenic
compositions.

In animal models, rapamycin and the rapalogs extend lifespan and/or delay the onset
of age-related diseases. Aging, like other biological processes, is regulated by signaling
pathways such as the TOR pathway (named “TOR” in this case, to include the yeast and C
elegans systems) and, in mammals, the mMTORC1 pathway. Modulation of TOR and
mTORCI signaling prolongs lifespan and delays the onset of age-related diseases in a wide
array of organisms, from flies to mammals. For instance, inhibition of the TOR pathway by
genetic mutation extended lifespan in yeast, C elegans, and drosophila, and inhibition of the
mTORCI1 pathway extended lifespan in mice (Kaeberlein ez al., Science (2005) 310:1193-
1196; Kapabhi ef al., Curr Biol (2004) 14:885-890; Selman et al., Science (2009) 326:140-
144; Vellai et al., Nature (2003) 426:620; R. A. Miller ef al. Aging Cell. (2014) 13(3): 468—
477.) In addition, the mTORCI inhibitor rapamycin extended the lifespan of mice even when
given late in life (Harrison et al., Nature (2009) 460(7253):392-395). These data raise the
possibility that drugs that target the mammalian TOR (mTOR) pathway will have therapeutic
effects in aging and age-related diseases in humans. A report of a clinical trial using
rapamycin in elderly men was described by M. Leslie in Science, 2013, 342. J. Mannick e?

al. describe in Sci Transl Med. (2014) 6(268): 268ral79 that mTORCI1 inhibition improves
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the immune function in the elderly. However, investigators have been wary of using
currently available mTORCI inhibitors in human aging trials due to their side effects
(including immunosuppression, cytopenias, stomatitis, GI distress and interstitial
pneumonitis).

Pharmacological inhibition of the mTORC1 pathway, either before or immediately
following neurological insults, can prevent pathological changes in animal brains and the
development of spontaneous recurrent seizure in an acquired epilepsy model (Zeng et al., The
mammalian target of rapamycin signaling pathway mediates epileptogenesis in a model of
temporal lobe epilepsy; J. Neurosci., (2009) pp. 6964-6972). Rapamycin and rapalogs are
therefore also considered to be of potential value in such indications.

Rapalogs have been shown to be efficacious at low doses in human beings in settings
of liver and kidney fibrosis.

Mitochondrial myopathy (MM) is the most common manifestation of adult-onset
mitochondrial disease and shows a multifaceted tissue-specific stress response: (1)
transcriptional response, including metabolic cytokines FGF21 and GDF15; (2) remodeling
of one-carbon metabolism; and (3) the mitochondrial unfolded protein response. In Cell
Metabolism 26, 419-428, August 1, 2017, it is described by Khan ef al. that these processes
are part of one integrated mitochondrial stress response (ISRmt), which is controlled by
mTORCI1 in skeletal muscle. A mtDNA replication defect activates mTORC1, which drives
an integrated mitochondrial stress response through ATF4 activation, inducing de novo
nucleotide and serine synthesis, the 1C-cycle, and FGF21 and GDF15 production. mTORCI1
inhibition by rapamycin downregulated all components of the ISRmt (integrated
mitochondrial stress response), improved all MM hallmarks, and reversed the progression of
even late-stage MM, without inducing mitochondrial biogenesis. Rapamycin and rapalogs
are therefore also considered to be of potential value in such indications.

Thus, there remains a need to provide new mTORC1 inhibitors that are improved

drug candidates, exhibiting a balance of appropriate potency, stability, and bioavailability.

SUMMARY
The compounds of Formula (I) are mTORC1 inhibitors and are useful in the treatment
of disorders, particularly age-related disorders, or diseases and disorders currently approved
for treatment using rapamycin or any of the rapalogs. Replacement of the C16 methoxy
group as described herein, provides compounds exhibiting a balance of appropriate potency,

stability and bioavailability. The compounds of Formula (I) are effective in inhibiting
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mTORCI by selectively binding to FKBP12 in settings where FKBP12 levels are sufficient
to inhibit mTORCI.

In one aspect, the disclosure provides a compound of Formula (I) or a

pharmaceutically acceptable salt thereof, wherein:

@
R!is selected from the group consisting of hydrogen, C1- alkyl, hydroxylCi-
calkyl, and heteroCi-salkyl; and

e
n({\/s\\o
N
R2is , whereinnis 1, 2 or 3.
In an embodiment, the disclosure provides a pharmaceutical composition comprising
a therapeutically effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof, and one or more pharmaceutically acceptable carriers.
In an embodiment, the disclosure provides a pharmaceutical combination comprising
a therapeutically effective amount of a compound of Formula (I) or a pharmaceutically

acceptable salt thereof, and one or more therapeutically active agents.

In another aspect, the disclosure provides a method for treating a disorder or a disease
mediated by the mTOR pathway in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a compound of Formula (I)

or a pharmaceutically acceptable salt thereof.

In another aspect, the disclosure provides a method for treating a disease or disorder
in a subject, wherein the target tissue, organ, or cells associated with the pathology of the

disease or disorder has FKBP12 levels sufficient to inhibit mTORC1, the method comprising
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administering to the subject in need thereof a therapeutically effective amount of a compound

of Formula (I) or a pharmaceutically acceptable salt thereof.

In another aspect, the disclosure provides a method for treating a disease or disorder
in a subject having, or a subject that has been determined to have, FKBP12 levels sufficient
to inhibit mTORC1, the method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of Formula (I) or a pharmaceutically

acceptable salt thereof.

In another aspect, the disclosure provides a method for treating an age-related disease
or disorder in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof.

In an embodiment, the age-related disease or disorder is selected from sarcopenia,
skin atrophy, cherry angiomas, seborrheic keratoses, brain atrophy (also referred to as
dementia), atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis,
osteoarthritis, high blood pressure, cataracts, macular degeneration, glaucoma, stroke,
cerebrovascular disease (strokes), chronic kidney disease, diabetes-associated kidney disease,
impaired hepatic function, liver fibrosis, autoimmune hepatitis, endometrial hyperplasia,
metabolic dysfunction, renovascular disease, hearing loss, mobility disability (e.g., frailty),
cognitive decline, tendon stiffness, heart dysfunction such as cardiac hypertrophy and/or
systolic and/or diastolic dysfunction and/or hypertension and/or dilated cardiomyopathy,
heart dysfunction which results in a decline in ejection fraction, immune senescence,
Parkinson's disease, Alzheimer’s disease, cancer, immune-senescence leading to cancer due
to a decrease in immune-surveillance, infections due to an decline in immune-function,
chronic obstructive pulmonary disease (COPD), obesity, loss of taste, loss of olfaction,
arthritis, and type II diabetes (including complications stemming from diabetes, such as

kidney failure, blindness and neuropathy).

In another aspect, the disclosure provides a method for treating a disease or disorder
in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof, wherein the disease or disorder is selected from:

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal
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thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;
- Autoimmune diseases and inflammatory conditions;
- Asthma;
- Multi-drug resistance (MDR);,
- Fungal infections;
- Inflammation;
- Infection;
- Age-related diseases;
- Neurodegenerative diseases;
- Proliferative disorders, e.g., cancer;
- Seizures and seizure related disorders; and

- Mitochondrial myopathy and mitochondrial stress.

In another aspect, the disclosure provides a method for treating cancer in a subject in
need thereof, the method comprising administering to the subject a therapeutically effective
amount of a compound of Formula (I) or a pharmaceutically acceptable salt thereof.

In an embodiment, the method further comprises a PD-1/PDL-1 inhibitor.

In an embodiment, the cancer is selected from renal cancer, renal cell carcinoma,
colorectal cancer, uterine sarcoma, endometrial uterine cancer, endometrial cancer, breast
cancer, ovarian cancer, cervical cancer, gastric cancer, fibro-sarcoma, pancreatic cancer, liver
cancer, melanoma, leukemia, multiple myeloma, nasopharyngeal cancer, prostate cancer,
lung cancer, glioblastoma, astrocytoma, adenocarcinoma, bladder cancer, mesothelioma, head
cancer, rhabdomyosarcoma, sarcoma, lymphoma, and neck cancer.

In an embodiment, the disorder is a liver disorder that includes the process of fibrosis
and/or inflammation, e.g., liver fibrosis that occurs in end-stage liver disease; liver cirrhosis;
liver failure due to toxicity; non-alcohol-associated hepatic steatosis or NASH; and alcohol-
associated steatosis.

In an embodiment, the disorder is a kidney disorder that includes the process of
fibrosis or inflammation in the kidney, e.g., kidney fibrosis, or glomerulosclerosis, which
occurs as a result of acute kidney injury, leading to chronic kidney disease. In an
embodiment, the kidney disorder is chronic kidney disease arising in settings of diabetic
nephropathy. In an embodiment, the chronic kidney disease leads to kidney failure.

In an embodiment, the disorder is a heart dysfunction, e.g., myocardial infarction or

cardiac hypertrophy. In an embodiment, the heart dysfunction is systolic and/or diastolic
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dysfunction. In an embodiment, the heart dysfunction is hypertension. In an embodiment,
the heart dysfunction results in a decline in ejection fraction. In an embodiment, heart failure
may have preserved ejection fraction. In an embodiment, the heart dysfunction results in
dilated cardiomyopathy.

In an embodiment, the disorder is an immune-senescence leading to cancer due to a
decrease in immune-surveillance.

In an embodiment, the disorder is cancer, including tumors which are treated by
immunotherapy. In an embodiment, the subject has been previously treated by either
rapamycin, RADOO1, or another rapalog. In an embodiment, the cancer includes tumors
where the mTOR pathway is shown to be activated, including settings where there is a
mutation in the Tscl gene, or where the tumor microenvironment is appropriately treated by a

rapalog.

The details of one or more embodiments of the disclosure are set forth herein. Other
features, objects, and advantages of the disclosure will be apparent from the Figures, the

Detailed Description, the Examples, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A and 1B depict line graphs showing inhibition of S6K1(Thr389) in wild-
type (Figure 1A) and FKBP12 knock-out (Figure 1B) 293T cells, following treatment with
Compound 1 (solid line) and RADOO1 (dotted line). Cells were treated in triplicate. The Y
axis represents percent inhibition of pS6K1(Thr389) relative to the level in cells treated with
rapalog free media (media plus DMSO). The X axis represents concentrations for Compound

1 and RADOO1.

DETAILED DESCRIPTION

Definitions

Unless specified otherwise, the term “compounds of the disclosure” or “compound of
the disclosure” refers to compounds of Formula (I), and exemplified compounds, and salts
thereof, as well as all stereoisomers (including diastereoisomers and enantiomers), rotamers,
tautomers and isotopically labeled compounds (including deuterium substitutions), as well as
inherently formed moieties.

The term "a therapeutically effective amount" of a compound of the disclosure refers

to an amount of the compound of the disclosure that will elicit the biological or medical
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response of a subject, for example, reduction or inhibition of an enzyme or a protein activity,
or ameliorate symptoms, alleviate conditions, slow or delay disease progression, or prevent a
disease, etc. In an embodiment, the term “a therapeutically effective amount” refers to the
amount of the compound of the disclosure that, when administered to a subject, is effective to
(1) at least partially alleviate, or ameliorate a condition, or a disorder or a disease (i) mediated
by the mTOR pathway, or (ii) associated with mTOR activity, or (iii) characterized by
activity (normal or abnormal) of mTOR; or (2) reduce or inhibit the activity of mTOR; or (3)
reduce or inhibit the expression of mTOR. In an embodiment, the term “a therapeutically
effective amount” refers to the amount of the compound of the disclosure that, when
administered to a cell, or a tissue, or a non-cellular biological material, or a medium, is
effective to at least partially reduce or inhibit the activity of mTOR,; or at least partially
reduce or inhibit the expression of mTOR.

As used herein, the term “subject” refers to primates (e.g., humans, male or female),
dogs, cats, rabbits, guinea pigs, pigs, rats and mice. In certain embodiments, the subject is a
primate. In yet other embodiments, the subject is a human.

2%

The terms “administer,” “administering,” or “administration,” as used herein refers to
implanting, absorbing, ingesting, injecting, inhaling, or otherwise introducing an inventive
compound, or a pharmaceutical composition thereof.

As used herein, the term “inhibit,” “inhibition” or “inhibiting” refers to the reduction
or suppression of a given condition, symptom, or disorder, or disease, or a significant

decrease in the baseline activity of a biological activity or process.

2%
2

As used herein, the term “treat”, “treating,” or “treatment” of any disease or disorder
refers to alleviating, delaying the onset of, ameliorating the disease or disorder (i.e., slowing
or arresting the development of the disease or at least one of the clinical symptoms thereof),
or alleviating or ameliorating at least one physical parameter or biomarker associated with the
disease or disorder, including those which may not be discernible to the patient. In an

2%

embodiment, “treatment,” “treat,” and “treating” require that signs or symptoms of the
disease, disorder or condition have developed or have been observed. In other embodiments,
treatment may be administered in the absence of signs or symptoms of the disease or
condition. For example, treatment may be administered to a susceptible individual prior to
the onset of symptoms (e.g., in light of a history of symptoms and/or in light of genetic or
other susceptibility factors). Treatment may also be continued after symptoms have resolved,

for example, to delay or prevent recurrence.
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2%

As used herein, the term “prevent”, “preventing,” or “prevention” of any disease or
disorder refers to the prophylactic treatment of the disease or disorder; or delaying the onset
or progression of the disease or disorder.

As used herein, “age-related disease or disorder" refers to any disease or disorder
whose incidence in a population or severity in an individual correlates with the progression of
age. More specifically, an age-related disease or disorder is a disease or disorder whose
incidence is at least 1.5 fold higher among human individuals greater than 65 years of age
relative to human individuals between the ages of 25-35. Examples of age-related disorders
include, but are not limited to: sarcopenia, skin atrophy, cherry angiomas, seborrheic
keratoses, brain atrophy (also referred to as dementia), atherosclerosis, arteriosclerosis,
pulmonary emphysema, osteoporosis, osteoarthritis, high blood pressure, cataracts, macular
degeneration, glaucoma, stroke, cerebrovascular disease (strokes), chronic kidney disease,
diabetes-associated kidney disease, impaired hepatic function, liver fibrosis, autoimmune
hepatitis, endometrial hyperplasia, metabolic dysfunction, renovascular disease, hearing loss,
mobility disability (e.g., frailty), cognitive decline, tendon stiftness, heart dysfunction, such
as cardiac hypertrophy, systolic or diastolic dysfunction, hypertension, dilated
cardiomyopathy, heart dysfunction which results in a decline in ejection fraction, immune
senescence, Parkinson's disease, Alzheimer’s disease, cancer, immune-senescence leading to
cancer due to a decrease in immune-surveillance, infections due to an decline in immune-
function, chronic obstructive pulmonary disease (COPD), obesity, loss of taste, loss of
olfaction, arthritis, and type II diabetes (including complications stemming from diabetes,
such as kidney failure, blindness and neuropathy).

As used herein, a subject is “in need of” a treatment if such subject would benefit
biologically, medically or in quality of life from such treatment.

As used herein, the term “a,” “an,” “the” and similar terms used in the context of the
disclosure (especially in the context of the claims) are to be construed to cover both the
singular and plural unless otherwise indicated herein or clearly contradicted by the context.

The term “alkyl” refers to a radical of a straight-chain or branched saturated
hydrocarbon group having from 1 to 6 carbon atoms (“Ci alkyl”). In some embodiments, an
alkyl group has 1 to 5 carbon atoms (“Ci-s alkyl”). In some embodiments, an alkyl group has
1 to 4 carbon atoms (“Ci4 alkyl”). In some embodiments, an alkyl group has 1 to 3 carbon
atoms (“C1.3 alkyl”). In some embodiments, an alkyl group has 1 to 2 carbon atoms (“Ci-2
alkyl”). In some embodiments, an alkyl group has 1 carbon atom (“Ci alkyl”). In some

embodiments, an alkyl group has 2 to 6 carbon atoms (“Cz-6 alkyl”). Examples of Ci-s alkyl
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groups include methyl (C1), ethyl (Cz), propyl (C3) (e.g., n-propyl, isopropyl), butyl (C4)
(e.g., n-butyl, tert-butyl, sec-butyl, iso-butyl), pentyl (Cs) (e.g., n-pentyl, 3-pentanyl, amyl,
neopentyl, 3-methyl-2-butanyl, tertiary amyl), and hexyl (Ce¢) (e.g., n-hexyl).

“Heteroalkyl” refers to an alkyl group, which further includes at least one heteroatom
(e.g., 1, 2, 3, or 4 heteroatoms) selected from oxygen, nitrogen, or sulfur within (i.e., inserted
between adjacent carbon atoms of) and/or placed at one or more terminal position(s) of the
parent chain. In some embodiments, a heteroalkyl group is a saturated group having 1to 6
carbon atoms and 1 or more heteroatoms within the parent chain (“heteroCi-s alkyl”). In
some embodiments, a heteroalkyl group is a saturated group having 1 to 5 carbon atoms and
1 or 2 heteroatoms within the parent chain (“heteroCi.s alkyl”). In some embodiments, a
heteroalkyl group is a saturated group having 1 to 4 carbon atoms and 1or 2 heteroatoms
within the parent chain (“heteroCi-4 alkyl”). In some embodiments, a heteroalkyl group is a
saturated group having 1 to 3 carbon atoms and 1 heteroatom within the parent chain
(“heteroCi-3 alkyl”). In some embodiments, a heteroalkyl group is a saturated group having 1
to 2 carbon atoms and 1 heteroatom within the parent chain (“heteroCi-2 alkyl”). In some
embodiments, a heteroalkyl group is a saturated group having 1 carbon atom and 1
heteroatom (“heteroCi alkyl”). In some embodiments, a heteroalkyl group is a saturated
group having 2 to 6 carbon atoms and 1 or 2 heteroatoms within the parent chain (“heteroCz-6
alkyl”).

“HydroxyCi-calkyl” refers to an alkyl group substituted with one or more -OH groups.
Examples of hydroxyCi-salkyl groups include HO-CHz-, HO-CH2CHz-, and -CHa-
CH(OH)CH3.

“Hydroxy” or “hydroxyl” refers to -OH.

“Halo” or “halogen” refers to fluorine (fluoro, —F), chlorine (chloro, —Cl), bromine
(bromo, —Br), or iodine (iodo, —I). In an embodiment, halogen refers to fluoro, chloro or
bromo.

As used herein, the definition of each expression, e.g., alkyl, m, n, etc., when
it occurs more than once in any structure, is intended to be independent of its definition
elsewhere in the same structure.

Definitions of specific functional groups and chemical terms are described in more
detail below. The chemical elements are identified in accordance with the Periodic Table of
the Elements, CAS version, Handbook of Chemistry and Physics, 75" Ed., inside cover, and
specific functional groups are generally defined as described therein. Additionally, general

principles of organic chemistry, as well as specific functional moieties and reactivity, are
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described in Thomas Sorrell, Organic Chemistry, University Science Books, Sausalito, 1999;
Smith and March, March’s Advanced Organic Chemistry, 5™ Edition, John Wiley & Sons,
Inc., New York, 2001; Larock, Comprehensive Organic Transformations, VCH Publishers,
Inc., New York, 1989; and Carruthers, Some Modern Methods of Organic Synthesis, 3"
Edition, Cambridge University Press, Cambridge, 1987.

Certain compounds of the disclosure may exist in particular geometric or
stereoisomeric forms. If, for instance, a particular enantiomer of a compound of the
disclosure is desired, it may be prepared by asymmetric synthesis, or by derivation with a
chiral auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary
group cleaved to provide the pure desired enantiomers. Alternatively, where the molecule
contains a basic functional group, such as amino, or an acidic functional group, such as
carboxyl, diastereomeric salts are formed with an appropriate optically-active acid or base,
followed by resolution of the diastereomers thus formed by fractional crystallization or
chromatographic means well known in the art, and subsequent recovery of the pure
enantiomers.

Unless otherwise stated, structures depicted herein are also meant to include
geometric (or conformational)) forms of the structure; for example, the R and S
configurations for each asymmetric center, Z and E double bond isomers, and Z and E
conformational isomers. Therefore, single stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational) mixtures of the disclosed compounds are
within the scope of the disclosure. Unless otherwise stated, all tautomeric forms of the
compounds of the disclosure are within the scope of the disclosure. Additionally, unless
otherwise stated, structures depicted herein are also meant to include compounds that differ
only in the presence of one or more isotopically enriched atoms. For example, compounds
having the disclosed structures including the replacement of hydrogen by deuterium or
tritium, or the replacement of a carbon by a *C- or *C-enriched carbon are within the scope
of this disclosure. Such compounds are useful, for example, as analytical tools, as probes in
biological assays, or as therapeutic agents in accordance with the disclosure.

The “enantiomeric excess” or “% enantiomeric excess” of a composition can be
calculated using the equation shown below. In the example shown below a composition
contains 90% of one enantiomer, e.g., the S enantiomer, and 10% of the other enantiomer,
i.e., the R enantiomer.

ee = (90-10)/100 * 100 = 80%.

Thus, a composition containing 90% of one enantiomer and 10% of the other
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enantiomer is said to have an enantiomeric excess of 80%. The compounds or compositions
described herein may contain an enantiomeric excess of at least 50%, 75%, 90%, 95%, or
99% of one form of the compound, e.g., the S-enantiomer. In other words, such compounds
or compositions contain an enantiomeric excess of the S enantiomer over the R enantiomer.

Where a particular enantiomer is preferred, it may, in some embodiments be provided
substantially free of the corresponding enantiomer, and may also be referred to as “optically
enriched.” “Optically-enriched,” as used herein, means that the compound is made up of a
significantly greater proportion of one enantiomer. In certain embodiments the compound is
made up of at least about 90% by weight of a preferred enantiomer. In other embodiments
the compound is made up of at least about 95%, 98%, or 99% by weight of a preferred
enantiomer. Preferred enantiomers may be isolated from racemic mixtures by any method
known to those skilled in the art, including chiral high pressure liquid chromatography
(HPLC) and the formation and crystallization of chiral salts or prepared by asymmetric
syntheses. See, for example, Jacques et al., Enantiomers, Racemates and Resolutions (Wiley
Interscience, New York, 1981); Wilen, ef al., Tetrahedron 33:2725 (1977); Eliel, E.L.
Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); Wilen, S H. Tables of
Resolving Agents and Opftical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Press,
Notre Dame, IN 1972).

All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g. “such as”) provided herein is intended merely to better
illuminate the disclosure and does not pose a limitation on the scope of the disclosure
otherwise claimed.

Any resulting mixtures of isomers can be separated on the basis of the physicochemical
differences of the constituents, into the pure or substantially pure geometric or optical
isomers, diastereomers, racemates, for example, by chromatography and/or fractional
crystallization.

Any resulting racemates of final products or intermediates can be resolved into the
optical antipodes by known methods, e.g., by separation of the diastereomeric salts thereof,
obtained with an optically active acid or base, and liberating the optically active acidic or
basic compound. In particular, a basic moiety may thus be employed to resolve the
compounds of the disclosure into their optical antipodes, e.g., by fractional crystallization of
a salt formed with an optically active acid, e.g., tartaric acid, dibenzoyl tartaric acid, diacetyl

tartaric acid, di-O,0"-p-toluoyl tartaric acid, mandelic acid, malic acid or camphor-10-
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sulfonic acid. Racemic products can also be resolved by chiral chromatography, e.g., high
pressure liquid chromatography (HPLC) using a chiral adsorbent.

The compounds disclosed herein may also contain unnatural proportions of atomic
isotopes at one or more of the atoms that constitute such compounds. For example, the
compounds may be radiolabeled with radioactive isotopes, such as for example deuterium
(*H), tritium (*H), carbon-13 (}*C), or carbon-14 (}*C). All isotopic variations of the
compounds disclosed herein, whether radioactive or not, are intended to be encompassed
within the scope of the present disclosure. In addition, all tautomeric forms of the
compounds described herein are intended to be within the scope of the disclosure.

The term “tautomers” refer to compounds that are interchangeable forms of a
particular compound structure, and that vary in the displacement of hydrogen atoms and
electrons. Thus, two structures may be in equilibrium through the movement of « electrons
and an atom (usually H). For example, enols and ketones are tautomers because they are
rapidly interconverted by treatment with either acid or base. Another example of
tautomerism is the aci- and nitro- forms of phenylnitromethane that are likewise formed by
treatment with acid or base. Tautomeric forms may be relevant to the attainment of the

optimal chemical reactivity and biological activity of a compound of interest.

Compounds

In one aspect, the disclosure provides a compound of Formula (I) or a

pharmaceutically acceptable salt thereof, wherein:

@
R!is selected from the group consisting of hydrogen, C1- alkyl, hydroxylCi-
calkyl, and heteroCi-salkyl; and
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2and 3

* Absolute sterochemistry at C16 undetermined

Pharmaceutically Acceptable Salts

Pharmaceutically acceptable salts of these compounds are also contemplated for the
uses described herein. As used herein, the terms “salt” or “salts” refer to an acid addition or
base addition salt of a compound of the disclosure. “Salts” include in particular
“pharmaceutical acceptable salts.” The term “pharmaceutically acceptable salts” refers to
salts that retain the biological effectiveness and properties of the compounds disclosed herein
and, which typically are not biologically or otherwise undesirable. In many cases, the
compounds disclosed herein are capable of forming acid and/or base salts by virtue of the
presence of amino and/or carboxyl groups or groups similar thereto.

Pharmaceutically acceptable acid addition salts can be formed with inorganic acids

and organic acids.
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Inorganic acids from which salts can be derived include, for example, hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like.

Organic acids from which salts can be derived include, for example, acetic acid,
propionic acid, glycolic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric
acid, tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, toluenesulfonic acid, sulfosalicylic acid, and the like.

Pharmaceutically acceptable base addition salts can be formed with inorganic and
organic bases.

Inorganic bases from which salts can be derived include, for example, ammonium
salts and metals from columns I to XII of the periodic table. In certain embodiments, the
salts are derived from sodium, potassium, ammonium, calcium, magnesium, iron, silver, zinc,
and copper; particularly suitable salts include ammonium, potassium, sodium, calcium and
magnesium salts.

Organic bases from which salts can be derived include, for example, primary,
secondary, and tertiary amines, substituted amines including naturally occurring substituted
amines, cyclic amines, basic ion exchange resins, and the like. Certain organic amines
include isopropylamine, benzathine, cholinate, diethanolamine, diethylamine, lysine,
meglumine, piperazine and tromethamine.

In another aspect, the disclosure provides a compound of Formula (I) in acetate,
ascorbate, adipate, aspartate, benzoate, besylate, bromide/hydrobromide,
bicarbonate/carbonate, bisulfate/sulfate, camphorsulfonate, caprate, chloride/hydrochloride,
chlortheophyllonate, citrate, ethandisulfonate, fumarate, gluceptate, gluconate, glucuronate,
glutamate, glutarate, glycolate, hippurate, hydroiodide/iodide, isethionate, lactate,
lactobionate, laurylsulfate, malate, maleate, malonate, mandelate, mesylate, methylsulphate,
mucate, naphthoate, napsylate, nicotinate, nitrate, octadecanoate, oleate, oxalate, palmitate,
pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate, polygalacturonate,
propionate, sebacate, stearate, succinate, sulfosalicylate, sulfate, tartrate, tosylate trifenatate,

trifluoroacetate or xinafoate salt form.

Pharmaceutical Compositions

In another aspect, the disclosure provides a pharmaceutical composition comprising
one or more compounds of Formula (I) or a pharmaceutically acceptable salt thereof, and one
or more pharmaceutically acceptable carrier. The term “pharmaceutically acceptable carrier”

refers to a pharmaceutically-acceptable material, composition or vehicle, such as a liquid or
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solid filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting any subject composition or component thereof. Each carrier must be
“acceptable” in the sense of being compatible with the subject composition and its
components and not injurious to the patient. Some examples of materials which may serve as
pharmaceutically acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose;
(2) starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository
waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil
and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate;
(13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide;
(15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19)
ethyl alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical formulations.

The compositions of the disclosure may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir.
The term “parenteral” as used herein includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrastemal, intrathecal, intrahepatic, intralesional and
intracranial injection or infusion techniques. In some embodiments, the compositions of the
disclosure are administered orally, intraperitoneally or intravenously. Sterile injectable forms
of the compositions of this disclosure may be aqueous or oleaginous suspension. These
suspensions may be formulated according to techniques known in the art using suitable
dispersing or wetting agents and suspending agents. The sterile injectable preparation may
also be a sterile injectable solution or suspension in a non-toxic parenterally acceptable
diluent or solvent, for example as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium.

For this purpose, any bland fixed oil may be employed including synthetic mono- or
di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or
castor oil, especially in their polyoxyethylated versions. These oil solutions or suspensions

may also contain a long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose
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or similar dispersing agents that are commonly used in the formulation of pharmaceutically
acceptable dosage forms including emulsions and suspensions. Other commonly used
surfactants, such as Tween®, Spans and other emulsifying agents or bioavailability enhancers
which are commonly used in the manufacture of pharmaceutically acceptable solid, liquid, or
other dosage forms may also be used for the purposes of formulation.

The pharmaceutically acceptable compositions of this disclosure may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules,
tablets, aqueous suspensions or solutions. In the case of tablets for oral use, carriers
commonly used include lactose and com starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral administration in a capsule form, useful diluents
include lactose and dried cornstarch. When aqueous suspensions are required for oral use,
the active ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be added.

Alternatively, the pharmaceutically acceptable compositions of this disclosure may be
administered in the form of suppositories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating excipient that is solid at room temperature but
liquid at rectal temperature and therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene glycols.

The pharmaceutically acceptable compositions of this disclosure may also be
administered topically, especially when the target of treatment includes areas or organs
readily accessible by topical application, including diseases of the eye, the skin, or the lower
intestinal tract. Suitable topical formulations are readily prepared for each of these areas or
organs. Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-
transdermal patches may also be used.

For topical applications, the pharmaceutically acceptable compositions may be
formulated in a suitable ointment containing the active component suspended or dissolved in
one or more carriers. Carriers for topical administration of the compounds of this disclosure
include, but are not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene
glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax and water.
Alternatively, the pharmaceutically acceptable compositions can be formulated in a suitable
lotion or cream containing the active components suspended or dissolved in one or more

pharmaceutically acceptable carriers. Suitable carriers include, but are not limited to, mineral
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oil, sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol and water.

The pharmaceutically acceptable compositions of this disclosure may also be
administered by nasal aerosol or inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical formulation and may be prepared as
solutions in saline, employing benzyl alcohol or other suitable preservatives, absorption
promoters to enhance bioavailability, fluorocarbons, and/or other conventional solubilizing or
dispersing agents. The amount of the compounds of the present disclosure that may be
combined with the carrier materials to produce a composition in a single dosage form will
vary depending upon the host treated, the particular mode of administration. Preferably, the
compositions should be formulated so that a dosage of between 0.01-100 mg/kg body

weight/day of the inhibitor can be administered to a patient receiving these compositions.

Isotopically Labelled Compounds

A compound of Formula (I) or a pharmaceutically acceptable salt thereof is also
intended to represent unlabeled forms as well as isotopically labeled forms of the compounds.
Isotopically labeled compounds have structures depicted by the formulas given herein except
that one or more atoms are replaced by an atom having a selected atomic mass or mass
number. Examples of isotopes that can be incorporated into compounds of the disclosure
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, and chlorine,
such as ?H, °H, ''C, 1’C, 1C, PN, 18F 31p_#2p 33 36C| 2], 1], 12 respectively. The
disclosure includes various isotopically labeled compounds as defined herein, for example,
those into which radioactive isotopes, such as *H and *C, or those into which non-radioactive
isotopes, such as 2H and 3C are present. Such isotopically labelled compounds are useful in
metabolic studies (with 1*C), reaction kinetic studies (with, for example H or *H), detection
or imaging techniques, such as positron emission tomography (PET) or single-photon
emission computed tomography (SPECT) including drug or substrate tissue distribution
assays, or in radioactive treatment of patients. In particular, an '*F or labeled compound may
be particularly desirable for PET or SPECT studies. Isotopically-labeled compounds of
Formula (I), (Ia) or (Ib) or a pharmaceutically acceptable salt thereof can generally be
prepared by conventional techniques known to those skilled in the art or by processes

analogous to those described in the accompanying Examples and Preparations using an
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appropriate isotopically-labeled reagents in place of the non-labeled reagent previously
employed.

Further, substitution with heavier isotopes, particularly deuterium (i.e., *H or D) may
afford certain therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements or an improvement in therapeutic
index. It is understood that deuterium in this context is regarded as a substituent of a
compound of Formula (I) or a pharmaceutically acceptable salt thereof. The concentration of
such a heavier isotope, specifically deuterium, may be defined by the isotopic enrichment
factor. The term “isotopic enrichment factor” as used herein means the ratio between the
isotopic abundance and the natural abundance of a specified isotope. If a substituent in a
compound of the disclosure is denoted deuterium, such compound has an isotopic enrichment
factor for each designated deuterium atom of at least 3500 (52.5% deuterium incorporation at
each designated deuterium atom), at least 4000 (60% deuterium incorporation), at least 4500
(67.5% deuterium incorporation), at least 5000 (75% deuterium incorporation), at least 5500
(82.5% deuterium incorporation), at least 6000 (90% deuterium incorporation), at least
6333.3 (95% deuterium incorporation), at least 6466.7 (97% deuterium incorporation), at
least 6600 (99% deuterium incorporation), or at least 6633.3 (99.5% deuterium

incorporation).

Dosages

Toxicity and therapeutic efficacy of compounds of the disclosure, including
pharmaceutically acceptable salts and deuterated variants, can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals. The LDso is the dose
lethal to 50% of the population. The EDS50 is the dose therapeutically effective in 50% of the
population. The dose ratio between toxic and therapeutic effects (LDso/ EDso) is the
therapeutic index. Compounds that exhibit large therapeutic indexes are preferred. While
compounds that exhibit toxic side effects may be used, care should be taken to design a
delivery system that targets such compounds to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce side effects.

Data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds may lie
within a range of circulating concentrations that include the EDso with little or no toxicity.
The dosage may vary within this range depending upon the dosage form employed and the

route of administration utilized. For any compound, the therapeutically effective dose can be
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estimated initially from cell culture assays. A dose may be formulated in animal models to
achieve a circulating plasma concentration range that includes the ICso (i.e., the concentration
of the test compound that achieves a half-maximal inhibition of symptoms) as determined in
cell culture. Such information can be used to more accurately determine useful doses in
humans. Levels in plasma may be measured, for example, by high performance liquid
chromatography.

It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment of the treating physician and the
severity of the particular disease being treated. The amount of a compound of the present
disclosure in the composition will also depend upon the particular compound in the
composition.

All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g. "such as”) provided herein is intended merely to better
illuminate the disclosure and does not pose a limitation on the scope of the disclosure
otherwise claimed.

Any asymmetric atom (e.g., carbon or the like) of the compound(s) of the disclosure
can be present in racemic or enantiomerically enriched, for example the (R)-, (S)- or (R,S)-
configuration. In certain embodiments, each asymmetric atom has at least 50 % enantiomeric
excess, at least 60 % enantiomeric excess, at least 70 % enantiomeric excess, at least 80 %
enantiomeric excess, at least 90 % enantiomeric excess, at least 95 % enantiomeric excess, or
at least 99 % enantiomeric excess in the (R)- or ()- configuration. Substituents at atoms with
unsaturated double bonds may, if possible, be present in cis- (£)- or trans- (F)- form.

Accordingly, as used herein a compound of the disclosure can be in the form of one of
the possible stereoisomers, rotamers, atropisomers, tautomers or mixtures thereof, for
example, as substantially pure geometric (cis or trans) stereoisomers, diastereomers, optical
isomers (antipodes), racemates or mixtures thereof.

Any resulting mixtures of stereoisomers can be separated on the basis of the
physicochemical differences of the constituents, into the pure or substantially pure geometric
or optical isomers, diastereomers, racemates, for example, by chromatography and/or

fractional crystallization.
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Any resulting racemates of compounds of the disclosure or of intermediates can be
resolved into the optical antipodes by known methods, e.g., by separation of the
diastereomeric salts thereof, obtained with an optically active acid or base, and liberating the
optically active acidic or basic compound. In particular, a basic moiety may thus be
employed to resolve the compounds of the disclosure into their optical antipodes, e.g., by
fractional crystallization of a salt formed with an optically active acid, e.g., tartaric acid,
dibenzoyl tartaric acid, diacetyl tartaric acid, di-O,O’-p-toluoyl tartaric acid, mandelic acid,
malic acid or camphor-10-sulfonic acid. Racemic compounds of the disclosure or racemic
intermediates can also be resolved by chiral chromatography, e.g., high pressure liquid

chromatography (HPLC) using a chiral adsorbent.

Diseases and Disorders

Compounds of Formula (I) are useful in the treatment of a disease or disorder selected
from:

Transplant vasculopathies;

Smooth muscle cell proliferation and migration leading to vessel intimal thickening,
blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;

Autoimmune diseases and inflammatory conditions;

Asthma;

Multi-drug resistance (MDR);

Fungal infections;

Inflammation,;

Infection;

Age-related diseases;

Neurodegenerative diseases;

Proliferative disorders, e.g., cancer;

Seizures and seizure related disorders; and

Mitochondrial myopathy and mitochondrial stress.

In another aspect, a compound disclosed herein can be used to treat conditions which
have been shown to make age-related diseases more likely, such as settings where there is an
increase in senescence inducing cytokines (e.g. IL6).

In another aspect, a compound disclosed herein can be used to treat disorders that

include the process of fibrosis and/or inflammation, e.g., liver and kidney disorders.
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Examples include, liver fibrosis, which occurs in end-stage liver disease; liver cirrhosis; liver
failure due to toxicity; non-alcohol-associated hepatic steatosis or NASH; and alcohol-
associated steatosis. Another example is kidney fibrosis, which occurs as a result of acute
kidney injury, leading to chronic kidney disease. Diabetic nephropathy can induce kidney
fibrosis and inflammation. Often kidney disease causes heart failure, as a result of an
increase in blood pressure; this can also be associated with cardiac fibrosis.

In another aspect, the compounds of the disclosure can be used to treat cardiac failure.
(Buss, S.J. et al. Beneficial effects of Mammalian target of rapamycin inhibition on left
ventricular remodeling after myocardial infarction. ] Am Coll Cardiol. (2009) 54(25): 2435-
46; Buss, S.J. ef al. Augmentation of autophagy by mTOR-inhibition in myocardial
infarction: When size matters. Autophagy. (2010) 6(2):304-6.

In another aspect, the compounds of the disclosure can be used to treat liver fibrosis in
patients who have undergone liver transplants. (Villamil, F.G. e al. Fibrosis progression in
maintenance liver transplant patients with hepatitis C recurrence: a randomized study of
RADOO1 vs. calcineurin inhibitors. Liver Int. (2014) 34(10):1513-21).

Transplant vasculopathies include atherosclerosis.

Autoimmune diseases and inflammatory conditions include in particular inflammatory
conditions with an etiology including an autoimmune component such as arthritis (for
example rheumatoid arthritis, arthritis chronica progrediente and arthritis deformans) and
rheumatic diseases. Specific autoimmune diseases for which the compounds of Formula (I)
may be employed include, autoimmune hematological disorders (including e. g. hemolytic
anemia, aplastic anemia, pure red cell anaemia and idiopathic thrombocytopenia), systemic
lupus erythematosus, polychondritis, sclerodoma, Wegener granulamatosis, dermatomyositis,
chronic active hepatitis, myasthenia gravis, psoriasis, Steven-Johnson syndrome, idiopathic
sprue, autoimmune inflammatory bowel disease (including e. g. ulcerative colitis and Crohn's
disease) endocrine ophthalmopathy, Graves disease, sarcoidosis, multiple sclerosis, primary
biliary cirrhosis, juvenile diabetes (diabetes mellitus type I), uveitis (anterior and posterior),
keratoconjunctivitis sicca and vernal keratoconjunctivitis, interstitial lung fibrosis, psoriatic
arthritis, glomerulonephritis (with and without nephrotic syndrome, e.g. including idiopathic
nephrotic syndrome or minimal change nephropathy) and juvenile dermatomyositis.

Compounds of the disclosure can also be useful in the treatment of multi-drug
resistance (MDR), which includes enhancing the efficacy of other chemotherapeutic agents in
the treatment and control of multidrug resistant conditions such as multidrug resistant cancer

or multidrug resistant AIDS. MDR is particularly problematic in cancer patients and AIDS
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patients who will not respond to conventional chemotherapy because the medication is
pumped out of the cells by Pgp.

Compounds of the disclosure can also be useful in the treatment of infection, which
includes infection by pathogens having Mip or Mip-like factors.

Age-related diseases also include: sarcopenia, skin atrophy, cherry angiomas,
seborrheic keratoses, brain atrophy (also referred to as dementia), atherosclerosis,
arteriosclerosis, pulmonary emphysema, osteoporosis, osteoarthritis, high blood pressure,
cataracts, macular degeneration, glaucoma, stroke, cerebrovascular disease (strokes), chronic
kidney disease, diabetes-associated kidney disease, impaired hepatic function, liver fibrosis,
autoimmune hepatitis, endometrial hyperplasia, metabolic dysfunction, renovascular disease,
hearing loss, mobility disability (e.g., frailty), cognitive decline, tendon stiffness, heart
dysfunction such as cardiac hypertrophy and/or systolic and/or diastolic dysfunction and/or
hypertension and/or dilated cardiomyopathy, heart dysfunction which results in a decline in
ejection fraction, immune senescence, Parkinson's disease, Alzheimer’s disease, cancer,
immune-senescence leading to cancer due to a decrease in immune-surveillance, infections
due to an decline in immune-function, chronic obstructive pulmonary disease (COPD),
obesity, loss of taste, loss of olfaction, arthritis, and type II diabetes (including complications
stemming from diabetes, such as kidney failure, blindness and neuropathy).

Neurodegenerative diseases include Huntington’s Disease, Parkinson’s disease,
spinocerebellar ataxia type 3, Alzheimer’s disease, motor neuron disease and peripheral
neuropathy.

Proliferative disorders include cancer. Such conditions include those listed in US Pat.
No. 9,669,032, e.g., renal cancer, renal cell carcinoma, colorectal cancer, uterine sarcoma,
endometrial uterine cancer, endometrial cancer, breast cancer, ovarian cancer, cervical
cancer, gastric cancer, fibro- sarcoma, pancreatic cancer, liver cancer, melanoma, leukemia,
multiple myeloma, nasopharyngeal cancer, prostate cancer, lung cancer, glioblastoma,
astrocytoma, adenocarcinoma, bladder cancer, mesothelioma, head cancer,
rhabdomyosarcoma, sarcoma, lymphoma, and neck cancer.

Seizures and seizure related disorders include West syndrome, Focal Cortical
Dysplasia (FCD), tuberous sclerosis complex (TSC), childhood absence epilepsy, benign
focal epilepsies of childhood, juvenile myoclonic epilepsy (JME), temporal lobe epilepsy,
frontal lobe epilepsy, refractory epilepsy, Lennox-Gastaut syndrome, occipital lobe epilepsy,

Proteus syndrome, hemi-megalencephaly syndrome (HMEG), megalencephaly syndrome
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(MEG), megalencephaly-capillary malformation (MCAP) and megalencephaly-
polymicrogyria-polydactyly-hydrocephalus syndrome (MPPH).

Mitochondrial myopathy and mitochondrial stress are mitochondrial disorders as
described in Chinnery, P.F. (2015); EMBO Mol. Med. 7, 1503-1512; Koopman, W.J. et al.,
(2016); EMBO Mol. Med. 8, 311-327and Young, M.J., and Yound and Copeland, W.C.
(2016); Curr. Opin. Genet. Dev. 38, 52-62.

Treatable conditions which have been shown to make age-related diseases more likely
include senescence, e.g., immune senescence. This is diagnosed by (i) an increase in
circulating cytokines, such as IL-6, but also by (i1) senescent cells found in muscle, kidney,
liver, brain, neurons, liver, pancreas, or the heart; or also (ii1) a decline in the efficiency of
DNA -repair, which can be shown by an increase in transcription of repetitive elements,

including transposon-encoded genes.

Methods of Use

The disclosure provides a compound of Formula (I) or a pharmaceutically acceptable
salt thereof for treatment of diseases and disorders described herein, e.g., age-related
disorders, or diseases and disorders currently approved for treatment using rapalogs, such as

RADOOI.

In one aspect, the disclosure provides a method for treating a disorder or a disease
mediated by the mTOR pathway in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a compound of Formula (I)

or a pharmaceutically acceptable salt thereof.

In another aspect, the disclosure provides a method for treating a disease or disorder
in a subject, wherein the target tissue, organ, or cells associated with the pathology of the
disease or disorder has FKBP12 levels sufficient to inhibit mTORC1, the method comprising
administering to the subject in need thereof a therapeutically effective amount of a compound

of Formula (I) or a pharmaceutically acceptable salt thereof.

In another aspect, the disclosure provides a method for treating a disease or disorder
in a subject having, or a subject that has been determined to have, FKBP12 levels sufficient
to inhibit mTORC1, the method comprising administering to the subject in need thereof a
therapeutically effective amount of a compound of Formula (I) or a pharmaceutically

acceptable salt thereof.
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In an embodiment, the disease or disorder is selected from sarcopenia, skin atrophy,
cherry angiomas, seborrheic keratoses, brain atrophy, atherosclerosis, arteriosclerosis,
pulmonary emphysema, osteoporosis, osteoarthritis, high blood pressure, cataracts, macular
degeneration, glaucoma, stroke, cerebrovascular disease (strokes), chronic kidney disease,
diabetes-associated kidney disease, impaired hepatic function, liver fibrosis, autoimmune
hepatitis, endometrial hyperplasia, metabolic dysfunction, renovascular disease, hearing loss,
mobility disability, cognitive decline, tendon stiffness, heart dysfunction, such as cardiac
hypertrophy, systolic or diastolic dysfunction, hypertension, dilated cardiomyopathy, heart
dysfunction which results in a decline in ejection fraction, immune senescence, Parkinson's
disease, Alzheimer’s disease, cancer, immune-senescence leading to cancer due to a decrease
in immune-surveillance, infections due to an decline in immune-function, chronic
obstructive pulmonary disease (COPD), obesity, loss of taste, loss of olfaction, arthritis, and
type II diabetes including complications stemming from diabetes, such as kidney failure,
blindness and neuropathy.

In an embodiment, the disorder is liver fibrosis.

In another aspect, the disclosure provides a method of treating a disease or disorder in
a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof, a pharmaceutical composition comprising a compound of Formula (I)
or a pharmaceutically acceptable salt thereof, or a pharmaceutical combination comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, wherein the disorder
or disease is selected from:

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal
thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;

- Autoimmune diseases and inflammatory conditions;

Asthma;
Multi-drug resistance (MDR);

Fungal infections;

Inflammation,;

Infection;

Age-related diseases;

Neurodegenerative diseases;
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- Proliferative disorders, in particular cancer;

- Seizures and seizure related disorders; and

- Mitochondrial myopathy and mitochondrial stress.

In an embodiment, the disorder is a disorder that includes the process of fibrosis
and/or inflammation.

In an embodiment, the disorder is selected from liver and kidney disorders.

In an embodiment, the liver disorder is selected from: liver fibrosis, which occurs in
end-stage liver disease; liver cirrhosis; liver failure due to toxicity; non-alcohol-associated
hepatic steatosis or NASH; and alcohol-associated steatosis.

In an embodiment, the kidney disorder is kidney fibrosis.

In an embodiment, the kidney fibrosis occurs as a result of acute kidney injury.

In an embodiment, the kidney disorder is chronic kidney disorder.

In an embodiment, the kidney disorder is diabetic nephropathy.

In another aspect, the disclosure provides a method of treating an age-related disorder
or disease in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a compound of Formula (I) or a pharmaceutically
acceptable salt thereof, a pharmaceutical composition comprising a compound of Formula (I)
or a pharmaceutically acceptable salt thereof, or a pharmaceutical combination comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, wherein the disorder
or disease is selected from: sarcopenia, skin atrophy, cherry angiomas, seborrheic keratoses,
brain atrophy, atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis,
osteoarthritis, high blood pressure, cataracts, macular degeneration, glaucoma, stroke,
cerebrovascular disease (strokes), chronic kidney disease, diabetes-associated kidney disease,
impaired hepatic function, liver fibrosis, autoimmune hepatitis, endometrial hyperplasia,
metabolic dysfunction, renovascular disease, hearing loss, mobility disability, cognitive
decline, tendon stiffness, heart dysfunction such as cardiac hypertrophy and/or systolic and/or
diastolic dysfunction and/or hypertension, heart dysfunction which results in a decline in
ejection fraction, immune senescence, Parkinson's disease, Alzheimer’s disease, cancer,
immune-senescence leading to cancer due to a decrease in immune-surveillance, infections
due to an decline in immune-function, chronic obstructive pulmonary disease (COPD),
obesity, loss of taste, loss of olfaction, arthritis, and type II diabetes including complications

stemming from diabetes, such as kidney failure, blindness and neuropathy.
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In another aspect, the disclosure provides a method of treating cancer in a subject, the
method comprising administering to the subject a therapeutically effective amount of a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, a pharmaceutical
composition comprising a compound of Formula (I) or a pharmaceutically acceptable salt
thereof, or a pharmaceutical combination comprising a compound of Formula (I) or a
pharmaceutically acceptable salt thereof.

In an embodiment, the method further comprises a PD-1/PDL-1 inhibitor.

In an embodiment, the cancer is selected from renal cancer, renal cell carcinoma,
colorectal cancer, uterine sarcoma, endometrial uterine cancer, endometrial cancer, breast
cancer, ovarian cancer, cervical cancer, gastric cancer, fibro- sarcoma, pancreatic cancer,
liver cancer, melanoma, leukemia, multiple myeloma, nasopharyngeal cancer, prostate
cancer, lung cancer, glioblastoma, bladder cancer, mesothelioma, head cancer,

rhabdomyosarcoma, sarcoma, lymphoma, and neck cancer.

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt

thereof, for use as a medicament.

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt
thereof, for use in the prevention or treatment of a disorder or disease mediated by the mTOR

pathway.

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt
thereof, for use in the prevention or treatment of a disorder or disease selected from:

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal

thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;
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- Autoimmune diseases and inflammatory conditions;
- Asthma;

- Multi-drug resistance (MDR);,

- Fungal infections;

- Inflammation;

- Infection;

- Age-related diseases;

- Neurodegenerative diseases;

- Proliferative disorders, in particular cancer;

- Seizures and seizure related disorders; and

- Mitochondrial myopathy and mitochondrial stress.

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt
thereof, for use in the prevention or treatment of a disorder or disease that includes the
process of fibrosis and/or inflammation.

In an embodiment, the disorder is selected from liver and kidney disorders.

In an embodiment, the liver disorder is selected from: liver fibrosis, which occurs in
end-stage liver disease; liver cirrhosis; liver failure due to toxicity; non-alcohol-associated
hepatic steatosis or NASH; and alcohol-associated steatosis.

In an embodiment, the kidney disorder is kidney fibrosis, which occurs as a result of
acute kidney injury.

In an embodiment, the kidney disorder is chronic kidney disorder.

In an embodiment, the kidney disorder is diabetic nephropathy.

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt
thereof, for use in the treatment of an age-related disorder or disease selected from
sarcopenia, skin atrophy, cherry angiomas, seborrheic keratoses, brain atrophy (also referred

to as dementia), atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis,
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osteoarthritis, high blood pressure, cataracts, macular degeneration, glaucoma, stroke,
cerebrovascular disease (strokes), chronic kidney disease, diabetes-associated kidney disease,
impaired hepatic function, liver fibrosis, autoimmune hepatitis, endometrial hyperplasia,
metabolic dysfunction, renovascular disease, hearing loss, mobility disability (e.g., frailty),
cognitive decline, tendon stiffness, heart dysfunction such as cardiac hypertrophy and/or
systolic and/or diastolic dysfunction and/or hypertension and/or dilated cardiomyopathy,
heart dysfunction which results in a decline in ejection fraction, immune senescence,
Parkinson's disease, Alzheimer’s disease, cancer, immune-senescence leading to cancer due
to a decrease in immune-surveillance, infections due to an decline in immune-function,
chronic obstructive pulmonary disease (COPD), obesity, loss of taste, loss of olfaction,

arthritis, and type II diabetes (including complications stemming from diabetes, such as

kidney failure, blindness and neuropathy).

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt

thereof, for use in the treatment of cancer.

In another aspect, the disclosure provides a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, a pharmaceutical composition comprising a
compound of Formula (I) or a pharmaceutically acceptable salt thereof, or a pharmaceutical
combination comprising a compound of Formula (I) or a pharmaceutically acceptable salt
thereof, for use in the treatment of renal cancer, renal cell carcinoma, colorectal cancer,
uterine sarcoma, endometrial uterine cancer, endometrial cancer, breast cancer, ovarian
cancer, cervical cancer, gastric cancer, fibro- sarcoma, pancreatic cancer, liver cancer,
melanoma, leukemia, multiple myeloma, nasopharyngeal cancer, prostate cancer, lung
cancer, glioblastoma, bladder cancer, mesothelioma, head cancer, rhabdomyosarcoma,

sarcoma, lymphoma, or neck cancer.

In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament.

In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the

treatment of a disorder or disease mediated by the mTOR pathway.
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In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of a disorder or disease selected from:

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal

thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;

Autoimmune diseases and inflammatory conditions;

Asthma;
Multi-drug resistance (MDR);

Fungal infections;

Inflammation,;

Infection;

Age-related diseases;

Neurodegenerative diseases;

Proliferative disorders, e.g., cancer;

Seizures and seizure related disorders; and

Mitochondrial myopathy and mitochondrial stress.

In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
treatment of a disorder or disease that includes the process of fibrosis or inflammation.

In an embodiment, the disorder is selected from liver and kidney disorders.

In an embodiment, the liver disorder is selected from: liver fibrosis, which occurs in
end-stage liver disease; liver cirrhosis; liver failure due to toxicity; non-alcohol-associated
hepatic steatosis or NASH; and alcohol-associated steatosis.

In an embodiment, the kidney disorder is kidney fibrosis, which occurs as a result of
acute kidney injury.

In an embodiment, the kidney disorder is chronic kidney disorder.

In an embodiment, the kidney disorder is diabetic nephropathy.

In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
manufacture of a medicament for the prevention or treatment of an age-related disorder or

disease selected from sarcopenia, skin atrophy, cherry angiomas, seborrheic keratoses, brain
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atrophy (also referred to as dementia), atherosclerosis, arteriosclerosis, pulmonary
emphysema, osteoporosis, osteoarthritis, high blood pressure, cataracts, macular
degeneration, glaucoma, stroke, cerebrovascular disease (strokes), chronic kidney disease,
diabetes-associated kidney disease, impaired hepatic function, liver fibrosis, autoimmune
hepatitis, endometrial hyperplasia, metabolic dysfunction, renovascular disease, hearing loss,
mobility disability, cognitive decline, tendon stiffness, heart dysfunction such as cardiac
hypertrophy and/or systolic and/or diastolic dysfunction and/or hypertension and/or dilated
cardiomyopathy, heart dysfunction which results in a decline in ejection fraction, immune
senescence, Parkinson's disease, Alzheimer’s disease, cancer, immune-senescence leading to
cancer due to a decrease in immune-surveillance, infections due to an decline in immune-
function, chronic obstructive pulmonary disease (COPD), obesity, loss of taste, loss of
olfaction, arthritis, and type II diabetes (including complications stemming from diabetes,

such as kidney failure, blindness and neuropathy).

In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the

manufacture of a medicament for the prevention or treatment of cancer.

In another aspect, the disclosure provides a use of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the
manufacture of a medicament for the treatment of renal cancer, renal cell carcinoma,
colorectal cancer, uterine sarcoma, endometrial uterine cancer, endometrial cancer, breast
cancer, ovarian cancer, cervical cancer, gastric cancer, fibro- sarcoma, pancreatic cancer,
liver cancer, melanoma, leukemia, multiple myeloma, nasopharyngeal cancer, prostate
cancer, lung cancer, glioblastoma, bladder cancer, mesothelioma, head cancer,

rhabdomyosarcoma, sarcoma, lymphoma, or neck cancer.

Methods of Making a Compound of Formula (I)

In another aspect, the disclosure provides a method of making a compound of the

disclosure according to Schemes 1 and 2.
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Scheme 1:

HO,,,

o)
R%-H
o o] —
HO

rapamycin Formula (I)

A compound of Formula (I), wherein R! is hydrogen and R? is as defined under
Formula (I), may be obtained by reacting rapamycin with R>-H, wherein R? is as defined
under Formula (I), in the presence of a suitable reagent for a substitution reaction, e.g. p-
toluenesulphonic acid, in the presence of a suitable solvent, e.g. dichloromethane. For
example, suitable conditions are as follows:

1) R2-H, p-toluenesulphonic acid-H20, dichloromethane, room temperature

2) Re-H, trifluoroacetic acid, -40°C, dichloromethane (see EP1212331B1)

3) R2-H, 5M LiClOs, Et20 (0.1M), room temperature (see TL, 1995, 43, 7823)

4) R2-H, Cp2HfCl2-AgClO4 (Suzuki's catalyst), 4A MS, dichloromethane, room
temperature (see TL, 1995, 43, 7823)

5) Ro-H, BF3-OEt or Zn(OTf),, THF, 0°C (see TL, 1994, 37, 6835)
6) R2-H, ZnCl,, dichloromethane, 0°C (see JOC, 1994, 59, 6512).
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Scheme 2:

HO.,,

~o ~o
R-H
or R'-X
o] © ' o
HO X=halo HO
rapamycin Intermediate 1

Formula (1)

A compound of Formula (I), wherein R! is selected from the group consisting of Ci-
salkyl, hydroxylC1.salkyl, and heteroCi-salkyl; and R? is as defined under Formula (I), may be
obtained by reacting rapamycin with R'-H or R!-X to provide Intermediate 1 followed by
reaction with R%-H. In an embodiment, rapamycin is reacted with R'-H or R!-X under
alkylation conditions to provide Intermediate 1. In an embodiment, Intermediate 1 is reacted
with R%-H under substitution reaction conditions, e.g., as provided herein, to afford a

compound of Formula (I).

EXAMPLES
The disclosure sets for the following examples. The synthetic and biological

examples described in this application are offered to illustrate the compounds, pharmaceutical
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compositions, and methods provided herein and are not to be construed in any way as
limiting their scope.

The compounds provided herein can be prepared from readily available starting
materials using modifications to the specific synthesis protocols set forth below that would be
well known to those of skill in the art. It will be appreciated that where typical or preferred
process conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents,
pressures, efc.) are given other process conditions can also be used unless otherwise stated.
Optimum reaction conditions may vary with the particular reactants or solvents used, but
such conditions can be determined by those skilled in the art by routine optimization
procedures.

Additionally, as will be apparent to those skilled in the art, conventional protecting
groups may be necessary to prevent certain functional groups from undergoing undesired
reactions. The choice of a suitable protecting group for a particular functional group as well
as suitable conditions for protection and deprotection are well known in the art. For example,
numerous protecting groups, and their introduction and removal, are described in Greene ef
al., Protecting Groups in Organic Synthesis, Second Edition, Wiley, New York, 1991, and
references cited therein.

Rapamycin and its derivatives, for example, compounds of Formula (I), exist as a
solvent and pH dependent equilibrium of six-membered and seven-membered hemi-ketal
forms shown below as A, B, and C (Scheme 3). See The Journal of Antibiotics (Tokyo)
(1991) 44(6):688-90; and Tetrahedron Letters (1992) 33(33):4139-4142. Rapamycin and its
derivatives also exist as a mixture of cis- and trans- amides shown below as A and C. [See
Mierke, D. F ., Schmieder, P, Karuso, P. and Kessler, H. (1991}, Conformational Analysis of
the cis- and frans-Isomers of FK506 by NMR and Molecular Dynamics. Helvetica Chimica
Acta, 74: 1027-1047.] The NMR characterization data shown in the examples corresponds

only to the major equilibrium form observed under the reported deutero solvent conditions.
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Scheme 3:

wherein:
R!is selected from the group consisting of hydrogen, Ci-salkyl, hydroxylCi.salkyl,
and heteroCi-calkyl; and

n((,\l\,s’:%

R2is "V , whereinnis 1, 2 or 3.

Preparation of Compounds

Compounds of the disclosure can be prepared as described in the following Examples.
List of Abbreviations

The following abbreviations used herein below have the corresponding meanings:

A angstrom

Cat. catalytic
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ACN acetonitrile
d doublet
dd doublet of doublets
DCM dichloromethane
DMSO dimethylsulfoxide
ESIMS electrospray ionisation mass spectrometry
EtOAc ethyl acetate
eq equivalent
FA formic acid
HSQC NMR
HPLC high performance liquid chromatography
HRMS high resolution mass spectrometry
h hours
Hz hertz
MeCN acetonitrile
MeOH methanol
M molar
m multiplet
mg milligram
MHz megahertz
mL milliliter(s)
min. minutes
mmol millimole
NMR nuclear magnetic resonance
PEI Polyethylenimine
PPU Propyl-pyridyl-urea
q quartet
rt room temperature
ul microliter(s)
uM micromolar
S singlet
SFC Supercritical Fluid Chromatography
TLC thin layer chromatography
t triplet
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TsOH para-toluenesulfonic acid monohydrate

Methods Emploved in the Purification of the Examples

Purification of intermediates and final products was carried out via either normal or
reverse phase chromatography.

Flash chromatography

Normal phase chromatography was carried out using prepacked Si0» cartridges (e.g.,

RediSep® Rf columns from Teledyne Isco, Inc.) eluting with gradients of appropriate solvent

systems (e.g., hexanes and ethyl acetate; DCM and MeOH; or unless otherwise indicated).

Example 1. Synthesis of Compound 1

E\/NH

N
3O (10eq)

TsOH (cat.)
ACN, rt, 50 min.

* Absolute stereochemistry at C16 undetermined
Compound 1

Rapamycin (0.549 g, 0.601 mmol) was combined with isothiazolidine 1,1-dioxide
(0.728 g, 6.01 mmol) in anhydrous acetonitrile (3.0 mL) in a reaction vial. TsOH (0.011 g,
0.060 mmol) was added and the reaction mixture was stirred at room temperature for 50
minutes. The reaction mixture was diluted with brine and was extracted three times with
EtOAc. The organic extracts were combined, dried over Na2SQO4, decanted and concentrated
to give a yellow oil crude product (~1 g). The crude product was purified by silica gel flash
column chromatography (0 to 50% acetone-heptane, ISCO combiflash gradient elution, 40g
Silicycle silica gel 15-40 um FLH-R10017B-ISO40, TLC 40% acetone-heptane, visualize
under UV). Product containing fractions were checked by LCMS, and the fractions with
highest purity were combined and concentrated to give Compound 1 (0.315 g, 0.298 mmol,
49.7 % yield) as a white solid

Compound 1: ESIMS [M+NH4]" 1020.7, [M-H]" 1001.8

HRMS: [M+Na]+ 1025.5367.
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'H NMR (400 MHz, Chloroform-d) § 6.39 (dd, J = 14.7, 10.7 Hz, 1H), 6.22 (dd, J =
14.7, 10.6 Hz, 1H), 6.07 (dd, J = 14.9, 10.6 Hz, 1H), 6.00 (d, /= 10.9 Hz, 1H), 5.40 (d, J =
10.0 Hz, 1H), 5.33 (dd, J= 14.8, 9.8 Hz, 1H), 5.24 — 5.17 (m, 1H), 5.00 (td, /= 5.9, 3.5 Hz,
1H), 4.57 (dd, J = 10.8, 2.4 Hz, 2H), 4.27 (d, J = 3.8 Hz, 1H), 4.05 — 3.94 (m, 2H), 3.63 —
3.48 (m, 2H), 3.39 (s, 3H), 3.33 (s, 4H), 3.30 — 3.16 (m, 2H), 3.11 — 2.98 (m, 2H), 2.98 — 2.85
(m, 2H), 2.68 (dd, J=17.5, 6.5 Hz, 1H), 2.52 (dd, J = 17.3, 5.4 Hz, 1H), 2.47 — 2.38 (m, 2H),
2.38 231 (m, 1H), 2.31 — 2.25 (m, 2H), 2.23 — 2.15 (m, 1H), 1.99 (m, 2H), 1.92 — 1.85 (m,
1H), 1.82 (m, 5H), 1.76 — 1.70 (m, 6H), 1.64 (m, 4H), 1.58 — 1.43 (m, 3H), 1.40 (m, 1H),
1.34 (m, 1H), 1.25 (m, 2H), 1.18 — 1.11 (m, 1H), 1.11 — 1.00 (m, 10H), 1.00 — 0.84 (m, 7H),
0.57 (q,J=11.9 Hz, 1H).

Example 2. Synthesis of Compounds 2 and 3

HO/\/O'"

DNH

&0 (10eq)

0o TsOH (cat.)
DCM, rt, 22 min.

* Absolute stereochemistry at C16 undetermined
Compounds 2 and 3

RADOO01 (Everolimus, 1.0 g, 1.044 mmol) was combined with isothiazolidine 1,1-
dioxide (1.264 g, 10.44 mmol) in anhydrous dichloromethane (5.2 mL) in a reaction vial.
TsOH (0.020 g, 0.104 mmol) was added in one portion. The reaction was stirred at room
temperature for 22 minutes.

The reaction mixture was diluted with saturated aqueous NaHCO3 and then was
extracted four times with EtOAc. THe organic extracts were combined, dried over Na2SO4,
decanted and concentrated to give an orange tar crude product (2.181 g).

A portion (1.436 g) of the crude product was purified by silica gel flash column
chromatography (15 to 50% acetone-heptane, ISCO combiflash gradient elution, 40g
Silicycle silica gel 15-40 um FLH-R10017B-ISO40, TLC 40% acetone-heptane, visualize

under UV). Two spots were observed eluting via TLC.
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Product containing fractions were checked by LCMS, and the fractions from the first
eluting peak with the highest purity were combined and concentrated to give Compound 2

(0.080 g, 0.073 mmol, 6.95% yield) as a white solid.

Compound 2: ESIMS [M+NH4]" 1064.8, [M-H]" 1046.3.

HRMS: Experimental value from CS5SH86N2015SNa: 1069.5248.

"H NMR (400 MHz, Chloroform-d) § 6.45 —6.24 (m, 2H), 6.13 (dd, /= 15.1, 9.7 Hz,
1H), 5.96 (d, /= 9.8 Hz, 1H), 5.62 (dd, J=15.1, 8.6 Hz, 1H), 5.48 — 537 (m, 1H), 530 (d, J
=59Hz, 1H), 5.20 (s, 1H), 5.14 (q, J=5.9 Hz, 1H), 4.14 (d, /= 6.5 Hz, 1H), 3.88 —3.72 (m,
3H), 3.72 —3.65 (m, 2H), 3.62 — 3.56 (m, 2H), 3.50 —3.47 (m, 1H), 3.45 —3.38 (m, SH), 3.33
(s, 3H), 3.28 —3.04 (m, 6H), 3.04 — 2.89 (m, 2H), 2.89 - 2.71 (m, 1H), 2.71 (d, /= 5.6 Hz,
1H), 2.34 - 2.21 (m, 4H), 2.14 — 2.08 (m, 1H), 2.07 — 1.98 (m, 2H), 1.97 — 1.83 (m, 3H), 1.82
(m, 1H), 1.77 - 1.69 (m, 7H), 1.63 — 1.48 (m, 4H), 1.44 — 1.37 (m, 3H), 1.34 - 1.18 (m, 5H),
1.14-1.09 (dd, J=6.8, 2.9 Hz, 4H), 1.08 — 0.83 (m, 14H), 0.75 — 0.64 (m, 1H).

Product containing fractions were checked by LCMS, and the fractions from the second
eluting peak with the highest purity were combined and concentrated to give Compound 3

(0.085 g, 0.077 mmol, 7.39%) as a white solid.

Compound 3: ESIMS [M+NH4]" 1064.7, [M-H]" 1046.1.
HRMS: Experimental value from CS5SH86N2015SNa: 1069.5630.

'H NMR (400 MHz, Chloroform-d) § 6.39 (dd, J = 14.7, 10.8 Hz, 1H), 6.22 (dd, J =
14.7, 10.6 Hz, 1H), 6.07 (dd, J = 14.9, 10.6 Hz, 1H), 6.00 (d, /= 10.8 Hz, 1H), 5.41 (dt, J =
10.0, 1.5 Hz, 1H), 5.33 (dd, J = 14.9, 9.8 Hz, 1H), 5.23 — 5.17 (m, 1H), 5.00 (m, 1H), 4.59 —
4.51 (m, 2H), 4.27 (m, 1H), 4.04 — 3.94 (m, 2H), 3.81 — 3.72 (m, 1H), 3.69 (m, 2H), 3.63 —
3.49 (m, 3H), 3.43 (s, 3H), 3.32 (s, 3H), 3.28 — 2.89 (m, 6H), 2.68 (dd, J = 17.4, 6.4 Hz, 1H),
2.55—2.23 (m, 8H), 2.19 (d, J = 16.0 Hz, 1H), 2.05 — 1.97 (m, 2H), 1.92 — 1.77 (m, 5H), 1.76
— 1.68 (m, 6H), 1.68 — 1.58 (m, 4H), 1.57 — 1.47 (m, 2H), 1.47 — 1.34 (m, 2H), 1.33 — 1.20
(m, 3H), 1.16 — 1.10 (m, 1H), 1.04 (t, J = 6.5 Hz, 7H), 0.99 — 0.84 (m, 11H), 0.64 (q, J=12.0
Hz, 1H).
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Example 3. Synthesis of Compound 4

* Absolute stereochemistry at C16
undetermined
Compound 4

Rapamycin (0.464 g, 0.508 mmol) was combined with 1,4-butane sultam (0.892 g, 6.60
mmol) in a reaction vial. The solids were dissolved into anhydrous dichloromethane (2.5
mL). TsOH (9.65 mg, 0.051 mmol) was added in one portion. The reaction was stirred at
room temperature for three hours.

The reaction was diluted with saturated aqueous NaHCO3 and was extracted four times
with EtOAc. The organic extracts were combined, dried over Na2S04, vacuum filtered
through celite, and concentrated to give a orange-yellow solid crude product (~1.2 g).

The crude product was purified by silica gel flash column chromatography (0-70%
acetone-heptane, Isco CombiFlash gradient elution, 40g RediSep GOLD silica column, TLC
in 50% acetone-heptane, visualize under UV) to give Compound 4 (0.060 g, 0.056 mmol,
11.0 % yield) as a yellow solid.

Compound 4: ESIMS [M+NH4]" 1037.7, [M-H]  1015.7.
HRMS: Experimental value from C54H84N2014SNa: 1039.5544.

'H NMR (600 MHz, Chloroform-d) § 6.38 (dd, J= 14.8, 10.8 Hz, 1H), 6.22 (dd, J =
148, 10.6 Hz, 1H), 6.07 (dd, J = 15.0, 10.6 Hz, 1H), 5.96 (d, J= 10.8 Hz, 1H), 5.37 (d, J =
10.1 Hz, 1H), 5.33 (dd, J=15.0, 9.9 Hz, 1H), 5.19 (d, /= 5.6 Hz, 1H), 5.06 (dt, J=9.7, 4.4
Hz, 1H), 4.84 — 4.78 (m, 1H), 4.30 (t, J = 2.4 Hz, 1H), 4.18 (s, 1H), 4.07 (m, 1H), 4.03 (m,
1H), 3.66 (d, J = 13.9 Hz, 1H), 3.39 (s, 3H), 3.37 — 3.29 (m, 5H), 3.22 (dq, /= 10.1, 6.6 Hz,
1H), 3.16 —3.12 (m, 1H), 3.09 — 3.04 (m, 1H), 3.02 — 2.97 (m, 2H), 2.96 — 2.89 (m, 1H), 2.69
(dd, J=17.7, 5.5 Hz, 1H), 2.45 — 2.38 (m, 2H), 2.33 — 2.16 (m, 5H), 2.04 — 1.94 (m, 2H),
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1.82 (s, 3H), 1.81 — 1.68 (m, 8H), 1.65 — 1.59 (m, 7H), 1.56 — 1.42 (m, 4H), 1.41 — 1.20 (m,
5H), 1.13 —0.96 (m, 9H), 0.93 (dd, J = 8.9, 6.6 Hz, 6H), 0.88 (m, 3H), 0.57 (q, /= 11.9 Hz,
1H).

Example 4. Biological Assays and Data

The activity of a compound according to the disclosure was assessed by the following
in vitro methods.
Pharmacological characterization
Materials and Methods

Cell-based assay for rapalog potency determination. Rapalog potency was
determined using MEF TSC1-/- cell based assay. MEF TSC1-/- cells are Mouse Embryonic
Fibroblasts deficient in Tuberous Sclerosis Complex 1 - TSC1, which negatively regulates
mTORCI1 signaling and thus display constitutive mTORCI activation, resulting in
phosphorylation (activation) of downstream molecules. This cell-based assay is used to
measure inhibition (de-phosphorylation) of S6 and 4EBP1 by rapalogs or other mTOR
inhibitors.

MEF TSC1-/- cells were plated on Poly-D-lysine coated 384 well Griener clear
bottom plates and incubated overnight at 37°C, 5%COz. On the following day, cells were
washed 8 times with “Hard starve” solution (1L DPBS + 1g D - (+) glucose + 10ml of 7.5%
Sodium Bicarbonate + 20ml of 1M HEPES) and incubated for further 2 hours in the same
solution. Cells were next treated with compounds with decreasing concentrations (8 points at
3.16 fold dilutions) and incubated for 2 hours at 37°C, 5% COa. Cells were fixed with 4%
paraformaldehyde for 30 min and washed 5 times with TBS-EDTA followed by immuno-
staining with fluorescent tag labeled antibodies for pS6 (Ser240/244) (Cell Signaling #9468)
and p4EBP1 (Thr 37/46) (Cell Signaling #5123). Nuclei were visualized with Hoechst
(ThermoFisher Scientific #H3570) staining. Cells were imaged (InCell 600) using respective
fluorescence channels and the potency of mTOR inhibitors was defined by pS6 ICso (nM).

Generation of FKPB12 knock-out 293T cells. A CRISPR/Cas9 system was used to
deliver ribonucleoprotein complexes containing guide RNA (gRNA) sequence that targets
FKBP12 (GCCACTACTCACCGTCTCCT) into 293T cells, using the Amaxa® 4D-
Nucleofector™ X Kit (Lonza, V4XC-2032). Cell clones were screened by immunoblotting
with an anti-FKBP12 antibody (Novus, NB300-508) and single clones demonstrating a
complete FKBP12 knock- out (no measureable FKBP12) were selected.
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Treatment of wild-type (WT) and FKBP12 knock-out 293T cells with RAD001
and Compound 1. WT and FKBP12 knock-out 293T cells were plated at a density of
30,000 cells per well in poly-D-Lysine coated 96-well plates (Corning, #354461) in
Dulbecco's modified Eagle’s medium (ThermoFisher, #11995-065) supplemented with 10%
fetal bovine serum (ThermoFisher, #16140-071). Cells were incubated at 37°C, 5% COz for
48 hours until they reached ~80% confluence. Cells were treated with RADOO1 and
Compound 1 using a 12-point dose range from 1000nM to 0.0033nM for 2 hours at 37°C in
duplicates. Media supplemented with blank Dimethyl sulfoxide (DMSO) was used as a
control for both compounds. Phosphorylated amounts of S6K1 (Thr389) were detected by a
sandwich ELISA kit (Cell signaling, #7063C) following the manufacture’s protocol.

SPR assay to determine binding affinity to FK506-binding proteins (FKBP).

N-terminal avi-his6 tagged FKBP fusions to FKBP12, FKBP51 and FKBP52 were
expressed in £. coli and purified using standard chromatography. Each protein was
subsequently immobilized on a streptavidin chip in a Biacore 8K SPR instrument (GE
Healthcare). Using single-cycle kinetics, compound titrations were flowed at 45 uL/min over
each surface using 2-minute association and 30-minute dissociation phases in a buffer
containing 50 mM Tris pH 7.5/150 mM NaCl/0.01% Tween 20/1 mM DTT/2% DMSO. The
data were fit using low molecular weight (LMW) single-cycle kinetics. The equilibrium
dissociation constants (Kp) are reported.

Differential pharmacology of rapalogs may be achieved in different cell or tissue
types depending on 1) the relative abundance of FKBP homologs in these cells/tissues and 2)
the specificity of rapalogs for binding to these different FKBP homologs (Mol. Cell Biol.
(2013) 33:1357-1367).

Results
In vitro potency of mTOR inhibitors was defined by pS6 ICso (nM) in MEF TSC1-/-
cells for the compounds of the disclosure (Table 1).

Table 1

Compound | ICS50 (nM)
Rapamycin 0.050
RADO001 0.050
1 1.36
2 22.5
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IC50 values are calculated as the average from multiple assays.

The equilibrium dissociation constants (Kp) to FKBP12, FKBP51, and FKBP52 are

listed in Table 2 for the compound of the disclosure.

Table 2
FKBP12 Kp | FKBP12.6 Kp | FKBP25 Kp | FKBP51 Kp | FKBP52 Kp
Compound nM nM nM nM nM
RADOOI 288 12 25 396 676
(n=7) (n=1) (n=1) (n=T7) (n=7)
6.4 56 28900 2038 3548
l (n=6) (n=1) (n=1) (n=5) (n=5)
10.9 2580 2578
! (n=4) (n=2) (n=2)

mTORC1 inhibition by Compound 1 is specifically dependent on FKBP12, while
other FKBPs in addition to FKBP12 may poteintiate RAD001 effect.

Phosphorylated amounts of S6K1 (Thr389) were measured in wild type and FKBP12
knock-out 293T cells, treated with Compound 1 or RADOO1. S6K1 is a downstream target of
mTORC1 and phosphorylation of its rapalog-sensitive Thr389 site is used as a functional
readout of mMTORCI1 activity (Lee, C. H., Inoki, K. and Guan, K. L. (2007). mTOR pathway
as a target in tissue hypertrophy. Annu. Rev. Pharmacol. Toxicol. 47, 443-467). In wild-type
293T cells, both Compound 1 and RADOO1 were efficacious at achieving ~70-80% inhibition
of S6K 1(Thr389) phosphorylation (Figure 1A). In the absence of FKBP12, Compound 1 no
longer inhibited phosphorylation of S6K1(Thr389) at any tested concentration, while up to
~50% inhibition of S6K1(Thr389) was achieved with RAD001, demonstrating that RAD001
can act through other FKBPs besides FKBP1, whereas Compound 1 requires FKBP12 for its
activity (Figure 1B).

Without wishing to be bound by theory, these results indicate that the mTORC1
inhibitory effect of Compound 1 is mediated via FKBP12 alone; i.e. Compound 1 is highly
selective for FKBP12, and therefore requires it for mMTORCI inhibition. On the contrary, in
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the case of RADOO1, other FKBPs in addition to FKBP12 potentiate its ability to inhibit
mTORCI1. Based on the high specificity of Compound 1 for FKBP12, pharmacological
effects of Compound 1 may be selective for cells where FKBP12 is the predominant homolog
and where FKBP12 is expressed at sufficient levels, while avoiding mTORCI inhibition in
cells with low (insufficient) FKBP12 expression.

Having thus described several aspects of several embodiments, it is to be appreciated
various alterations, modifications, and improvements will readily occur to those skilled in the
art. Such alterations, modifications, and improvements are intended to be part of this
disclosure, and are intended to be within the spirit and scope of the disclosure. Accordingly,

the foregoing description and drawings are by way of example only.
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We claim:
1. A compound of Formula (I) or a pharmaceutically acceptable salt thereof,

wherein:

@
R!is selected from the group consisting of hydrogen, C1- alkyl, hydroxylCi-
calkyl, and heteroCi-salkyl; and

n(Qs’s%

R2?is 7 , whereinnis 1, 2 or 3.

2. The compound of claim 1 or a pharmaceutically acceptable salt thereof, wherein

R!is selected from the group consisting of hydroxyl and HO/\}’:.

3. The compound of claim 1 or 2 or a pharmaceutically acceptable salt thereof,

[0
N/S\\o

wherein Ra is bhan

4. The compound of claim 1 or 2 or a pharmaceutically acceptable salt thereof,

wherein Rz is v

5. A compound of structural formula:
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HO,,,

~

or a pharmaceutically acceptable salt thereof.

6. A compound of structural formula:

or a pharmaceutically acceptable salt thereof.

7. A compound of structural formula:

or a pharmaceutically acceptable salt thereof.
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8. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt thereof and one

or more pharmaceutically acceptable carriers.

9. A pharmaceutical combination comprising a therapeutically effective amount of a
compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt thereof and one

or more therapeutically active agents.

10. A method for treating a disorder or a disease mediated by the mTORCI1 pathway
in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a compound of any one of claims 1 to 7 or a
pharmaceutically acceptable salt thereof, or the pharmaceutical composition of claim 8, or the

pharmaceutical combination of claim 9.

11. A method for treating a disease or disorder in a subject, wherein the target tissue,
organ, or cells associated with the pathology of the disease or disorder has FKBP12 levels
sufficient to inhibit mTORCI1, the method comprising administering to the subject in need
thereof a therapeutically effective amount of a compound of any one of claims 1 to 7 or a
pharmaceutically acceptable salt thereof, or the pharmaceutical composition of claim 8, or the

pharmaceutical combination of claim 9.

12. A method for treating a disease or disorder in a subject having, or a subject that
has been determined to have, FKBP12 levels sufficient to inhibit mMTORC1, the method
comprising administering to the subject in need thereof a therapeutically effective amount of
a compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt thereof, or the

pharmaceutical composition of claim 8, or the pharmaceutical combination of claim 9.

13. The method of any one of claims 10 to 12, wherein the disease or disorder is
selected from sarcopenia, skin atrophy, cherry angiomas, seborrheic keratoses, brain atrophy,
atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis, osteoarthritis, high
blood pressure, cataracts, macular degeneration, glaucoma, stroke, cerebrovascular disease
(strokes), chronic kidney disease, diabetes-associated kidney disease, impaired hepatic

function, liver fibrosis, autoimmune hepatitis, endometrial hyperplasia, metabolic
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dysfunction, renovascular disease, hearing loss, mobility disability, cognitive decline, tendon
stiffness, heart dysfunction such as cardiac hypertrophy and/or systolic and/or diastolic
dysfunction and/or hypertension and/or dilated cardiomyopathy, heart dysfunction which
results in a decline in ejection fraction, immune senescence, Parkinson's disease, Alzheimer’s
disease, cancer, immune-senescence leading to cancer due to a decrease in immune-
surveillance, infections due to an decline in immune-function, chronic obstructive pulmonary
disease (COPD), obesity, loss of taste, loss of olfaction, arthritis, and type II diabetes
(including complications stemming from diabetes, such as kidney failure, blindness and

neuropathy).

14. The method of claim 13, wherein the disorder is liver fibrosis.

15. A method of treating a disease or disorder in a subject in need thereof, the method
comprising administering to the subject a therapeutically effective amount of a compound of
any one of claims 1 to 7 or a pharmaceutically acceptable salt thereof, or the pharmaceutical
composition of claim 8, or the pharmaceutical combination of claim 9, wherein the disorder
or disease is selected from:

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal
thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;

- Autoimmune diseases and inflammatory conditions;

Asthma;
Multi-drug resistance (MDR);

Fungal infections;

Inflammation,;

Infection;

Age-related diseases;

Neurodegenerative diseases;

Proliferative disorders, e.g., cancer;

Seizures and seizure related disorders; and

Mitochondrial myopathy and mitochondrial stress.

16. The method of claim 15, wherein the disorder is a disorder that includes the

process of fibrosis and/or inflammation.
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17. The method of claim 15, wherein the disorder is selected from liver and kidney

disorders.

18. The method of claim 17, wherein the liver disorder is selected from: liver fibrosis,

which occurs in end-stage liver disease; liver cirrhosis; liver failure due to toxicity; non-

alcohol-associated hepatic steatosis or NASH; and alcohol-associated steatosis.

19. The method of claim 17, wherein the kidney disorder is kidney fibrosis.

20. The method of claim 19, wherein the kidney fibrosis occurs as a result of acute

kidney injury.

21. The method of claim 17, wherein the kidney disorder is chronic kidney disorder.

22. The method of claim 17, wherein the kidney disorder is diabetic nephropathy.

23. A method of treating an age-related disorder or disease in a subject in need
thereof, the method comprising administering to the subject a therapeutically effective
amount of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of
claim 9, wherein the disorder or disease is selected from: sarcopenia, skin atrophy, cherry
angiomas, seborrheic keratoses, brain atrophy, atherosclerosis, arteriosclerosis, pulmonary
emphysema, osteoporosis, osteoarthritis, high blood pressure, cataracts, macular
degeneration, glaucoma, stroke, cerebrovascular disease (strokes), chronic kidney disease,
diabetes-associated kidney disease, impaired hepatic function, liver fibrosis, autoimmune
hepatitis, endometrial hyperplasia, metabolic dysfunction, renovascular disease, hearing loss,
mobility disability, cognitive decline, tendon stiffness, heart dysfunction such as cardiac
hypertrophy and/or systolic and/or diastolic dysfunction and/or hypertension and/or dilated
cardiomyopathy, heart dysfunction which results in a decline in ejection fraction, immune
senescence, Parkinson's disease, Alzheimer’s disease, cancer, immune-senescence leading to
cancer due to a decrease in immune-surveillance, infections due to an decline in immune-
function, chronic obstructive pulmonary disease (COPD), obesity, loss of taste, loss of

olfaction, arthritis, and type II diabetes.
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24. A method of treating cancer in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a compound of any one of
claims 1 to 7 or a pharmaceutically acceptable salt thereof, or the pharmaceutical composition

of claim 8, or the pharmaceutical combination of claim 9.

25. The method of claim 24, further comprising a PD-1/PDL-1 inhibitor.

26. The method of claim 24 or 25, wherein the cancer is selected from renal cancer,
renal cell carcinoma, colorectal cancer, uterine sarcoma, endometrial uterine cancer,
endometrial cancer, breast cancer, ovarian cancer, cervical cancer, gastric cancer, fibro-
sarcoma, pancreatic cancer, liver cancer, melanoma, leukemia, multiple myeloma,
nasopharyngeal cancer, prostate cancer, lung cancer, glioblastoma, bladder cancer,

mesothelioma, head cancer, rhabdomyosarcoma, sarcoma, lymphoma, and neck cancer.

27. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of

claim 9 for use as a medicament.

28. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of

claim 9 for use in the treatment of a disorder or disease mediated by the mTOR pathway.

29. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of
claim 9 for use in the treatment of a disorder or disease selected from:

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal
thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;

Autoimmune diseases and inflammatory conditions;

Asthma;
Multi-drug resistance (MDR);

Fungal infections;

Inflammation,;
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- Infection;

- Age-related diseases;

- Neurodegenerative diseases;

- Proliferative disorders, e.g., cancer;

- Seizures and seizure related disorders; and

- Mitochondrial myopathy and mitochondrial stress.

30. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of
claim 9 for use in the treatment of a disorder or disease that includes the process of fibrosis or

inflammation.

31. The compound for use of claim 30, wherein the disorder is selected from liver

and kidney disorders.

32. The compound for use of claim 31, wherein the liver disorder is selected from:
liver fibrosis, which occurs in end-stage liver disease; liver cirrhosis; liver failure due to

toxicity; non-alcohol-associated hepatic steatosis or NASH; and alcohol-associated steatosis.

33. The compound for use of claim 32, wherein the kidney disorder is kidney

fibrosis, which occurs as a result of acute kidney injury.

34. The compound for use of claim 31, wherein the kidney disorder is chronic kidney

disorder.

35. The compound for use of claim 32, wherein the kidney disorder is diabetic

nephropathy.

36. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of
claim 9 for use in the treatment of an age-related disorder or disease selected from
sarcopenia, skin atrophy, cherry angiomas, seborrheic keratoses, brain atrophy,
atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis, osteoarthritis, high

blood pressure, cataracts, macular degeneration, glaucoma, stroke, cerebrovascular disease
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(strokes), chronic kidney disease, diabetes-associated kidney disease, impaired hepatic
function, liver fibrosis, autoimmune hepatitis, endometrial hyperplasia, metabolic
dysfunction, renovascular disease, hearing loss, mobility disability, cognitive decline, tendon
stiffness, heart dysfunction such as cardiac hypertrophy and/or systolic and/or diastolic
dysfunction and/or hypertension and/or dilated cardiomyopathy, heart dysfunction which
results in a decline in ejection fraction, immune senescence, Parkinson's disease, Alzheimer’s
disease, cancer, immune-senescence leading to cancer due to a decrease in immune-
surveillance, infections due to an decline in immune-function, chronic obstructive pulmonary

disease (COPD), obesity, loss of taste, loss of olfaction, arthritis, and type II diabetes.

37. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of

claim 9 for use in the treatment of cancer.

38. A compound of any one of claims 1 to 7 or a pharmaceutically acceptable salt
thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination of
claim 9 for use in the treatment of renal cancer, renal cell carcinoma, colorectal cancer,
uterine sarcoma, endometrial uterine cancer, endometrial cancer, breast cancer, ovarian
cancer, cervical cancer, gastric cancer, fibro- sarcoma, pancreatic cancer, liver cancer,
melanoma, leukemia, multiple myeloma, nasopharyngeal cancer, prostate cancer, lung
cancer, glioblastoma, bladder cancer, mesothelioma, head cancer, rhabdomyosarcoma,

sarcoma, lymphoma, or neck cancer.

39. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable
salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination

of claim 9 for the manufacture of a medicament.

40. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable
salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination
of claim 9 for the manufacture of a medicament for the treatment of a disorder or disease

mediated by the mTOR pathway.

41. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable

salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination
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of claim 9 for the manufacture of a medicament for the treatment of a disorder or disease
selected from:

- Acute or chronic organ or tissue transplant rejection;

- Transplant vasculopathies;

- Smooth muscle cell proliferation and migration leading to vessel intimal

thickening, blood vessel obstruction, obstructive coronary atherosclerosis, restenosis;

Autoimmune diseases and inflammatory conditions;

Asthma;
Multi-drug resistance (MDR);

Fungal infections;

Inflammation,;

Infection;

Age-related diseases;

Neurodegenerative diseases;

Proliferative disorders, e.g., cancer;

Seizures and seizure related disorders; and

Mitochondrial myopathy and mitochondrial stress.

42. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable
salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination
of claim 9 for the manufacture of a medicament for the treatment of a disorder or disease that

includes the process of fibrosis or inflammation.

43. The use of claim 42, wherein the disorder is selected from liver and kidney

disorders.

44. The use of claim 43, wherein the liver disorder is selected from: liver fibrosis,
which occurs in end-stage liver disease; liver cirrhosis; liver failure due to toxicity; non-

alcohol-associated hepatic steatosis or NASH; and alcohol-associated steatosis.

45. The use of claim 43, wherein the kidney disorder is kidney fibrosis, which occurs

as a result of acute kidney injury.

46. The use of claim 43, wherein the kidney disorder is chronic kidney disorder.
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47. The use of claim 43, wherein the kidney disorder is diabetic nephropathy.

48. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable
salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination
of claim 9 for the manufacture of a medicament for the treatment of an age-related disorder or
disease selected from sarcopenia, skin atrophy, cherry angiomas, seborrheic keratoses, brain
atrophy, atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis, osteoarthritis,
high blood pressure, cataracts, macular degeneration, glaucoma, stroke, cerebrovascular
disease (strokes), chronic kidney disease, diabetes-associated kidney disease, impaired
hepatic function, liver fibrosis, autoimmune hepatitis, endometrial hyperplasia, metabolic
dysfunction, renovascular disease, hearing loss, mobility disability, cognitive decline, tendon
stiffness, heart dysfunction such as cardiac hypertrophy and/or systolic and/or diastolic
dysfunction and/or hypertension and/or dilated cardiomyopathy, heart dysfunction which
results in a decline in ejection fraction, immune senescence, Parkinson's disease, Alzheimer’s
disease, cancer, immune-senescence leading to cancer due to a decrease in immune-
surveillance, infections due to an decline in immune-function, chronic obstructive pulmonary

disease (COPD), obesity, loss of taste, loss of olfaction, arthritis, and type II diabetes.

49. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable
salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination

of claim 9 for the manufacture of a medicament for the treatment of cancer.

50. Use of a compound of any one of claims 1 to 7 or a pharmaceutically acceptable
salt thereof, or the pharmaceutical composition of claim 8, or the pharmaceutical combination
of claim 9 for the manufacture of a medicament for the treatment of renal cancer, renal cell
carcinoma, colorectal cancer, uterine sarcoma, endometrial uterine cancer, endometrial
cancer, breast cancer, ovarian cancer, cervical cancer, gastric cancer, fibro- sarcoma,
pancreatic cancer, liver cancer, melanoma, leukemia, multiple myeloma, nasopharyngeal
cancer, prostate cancer, lung cancer, glioblastoma, bladder cancer, mesothelioma, head

cancer, rhabdomyosarcoma, sarcoma, lymphoma, or neck cancer.
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FIGURE 1B
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