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COMPOUNDS USEFUL FOR TREATING LIVER DISEASES

1. CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the priority benefit of U.S. application nos. 17/195,334, filed
March 8, 2021, and 17/219,058, filed March 31, 2021, the contents of each of which are

incorporated herein in their entireties by reference thereto.

2. FIELD OF THE INVENTION

[0002] This invention provides novel compounds, for example compounds of Formulae (A)-(H)
and (J)-(AA), and pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs
thereof, such as 2-(4-(3-hydroxy-3-(4-(methylthio)phenyl)prop-1-en-1-yl)-2 6-dimethylphenoxy)-
2-methylpropanoic acid (“Compound I”), 3-(4-((1-hydroxy-2-methylpropan-2-yt)oxy)-3,5-
dimethylphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-one (“Compound II"), and 3-(4-((1-
hydroxy-2-methylpropan-2-yl)oxy)-3,5-dimethylphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-ol
(“Compound lII"), and pharmaceutically acceptable salts, solvates, esters, amides, and
prodrugs thereof. The invention further provides pharmaceutical compositions comprising a
novel compound described herein, for example a compound of Formulae (A)-(H) and (J)-(AA)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, such as
Compound |, Compound Il or Compound I, or a pharmaceutically acceptable salt, solvate,
ester, amide, or prodrug thereof, and a pharmaceutically acceptable carrier or vehicle. The
compounds and compositions disclosed herein are useful for treating or preventing conditions,
for example, liver disease such as liver fibrosis, fatty liver disease, non-alcoholic fatty liver
disease (NAFLD) or non-alcoholic steatohepatitis (NASH).

3. BACKGROUND

[0003] Elevated levels of low-density lipoprotein cholesterol (LDL-C) and triglycerides are
associated with mixed dyslipidemia. Type llb hyperlipidemia, a type of mixed dyslipidemia, is
characterized by elevation of apolipoprotein B, very low-density lipoprotein cholesterol (VLDL-
C), intermediate density lipoprotein cholesterol (IDL), and small dense low-density lipoprotein
(LDL) levels, in addition to elevation in LDL-C and triglyceride levels.

[0004] Liver diseases, such as a non-alcoholic fatty liver disease (NAFLD) comprise a
spectrum of conditions ranging from relatively benign steatosis to more severe non-alcoholic
steatohepatitis (NASH), the latter of which, if untreated, can lead to fibrosis, cirrhosis, liver
failure, or hepatocellular carcinoma. NAFLD and NASH can develop due to hepatic triglyceride
overproduction and accumulation. NAFLD is strongly associated with features of obesity,
diabetes, dyslipidemia, hyperlipidemia and metabolic syndrome, including obesity, insulin
resistance, type-2 diabetes mellitus, and dyslipidemia. NASH can cause the liver to swell,
become inflamed, become fibrotic, become damaged and become ultimately less functional.

NASH tends to develop in people who are overweight or obese, or have diabetes, mixed
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dyslipidemia, high cholesterol or high triglycerides or an inflammatery condition. NASH is
marked by hepatocyte ballooning and liver inflammation, which can lead to liver damage and
progress to scarring and irreversible changes, similar to the damage caused by heavy alcohol

use.

[0005] Liver steatosis and fibrosis can also be induced by drugs, such as amiodarone,
valproate, tamoxifen, methotrexate, and some chemotherapeutic and antiretroviral agents
(Amacher, D.E., et al. Semin. Liver Dis., 2014, 34, 205). Drug-induced hepatic steatosis can be

reversible and may involve drug accumulation in the liver.

[0006] NAFLD, NASH, fatty liver, or drug-induced liver steatosis can lead to metabolic
complications including elevation of liver enzymes, fibrosis, cirrhosis, hepatocellular carcinoma,
and liver failure. Liver failure is life-threatening and therefore there is a need to develop

therapies to delay development, prevent formation or reverse the condition of a fatty liver.

[0007] Peroxisome proliferator-activated receptors (PPARSs) have been identified as targets for
the treatment of cardiometabolic diseases including diabetes, insulin resistance, dyslipidemia,
and liver diseases such as NAFLD and NASH. There are three types of PPARs: PPARa,
PPARy and PPARD. Several PPAR agonists have been marketed, including fenofibrate (a
PPARa agonist), bezafibrate (a PPAR pan agonist), pioglitazone (a PPARy agonist), and
rosiglitazone (a PPARy agonist). Recently, PPAR agonists such as seladelpar (a PPARS
agonist), lanifibranor (a pan agonist), and elafibranor (a dual PPARa/d agonist) have been
studied for the treatment of NASH and primary biliary cholangitis (PBC). However, several
clinical trials involving such PPAR agonists have failed due to toxicity or failure to meet primary
endpoint. For example, in a Phase 3 trial in adults with NASH and fibrosis, elafibranor did not
demonstrate a statistically significant effect on the primary endpoint of NASH resolution without
warsening of fibrosis (ir.genfit.com/news-releases/news-release-details/genfit-announces-

results-interim-analysis-resolve-it-phase-3).

[0008] PPARDJ agonists have also been propesed as a treatment for acute kidney injury (AKI).
See, e.g., WO 2018/067857. AKl is a common occurrence in ICU patients, with an estimated
incidence of >50% (Hoste et al., 2015, Intensive Care Med; 41:1411-1423). Furthermore,
increasing AKI severity is associated with increased mortality. Sepsis is the major cause of AKI,
accounting for 45% to 70% of cases, and approximately 25% of sepsis is of intra-abdominal
origin (Seymour et al., 2016, JAMA, 315:762-774; Bagshaw et al., 2007, Clin J Am Soc
Nephrol, 2:431- 439). Ischemia/reperfusion injury (IRl) can cause AKIl and is a common
complication in subjects receiving an organ transplant, with an incidence of 50-75% after lung
and heart transplantation (Gueler et al., 2014, Transplantation 98:337-338). The PPARS
agonist ASP1128 (also known as MA-0217) (Astellas) is being studied as a possible treatment
for AKI following coronary artery bypass graft surgery and/or valve surgery (ClinicalTrials.gov
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identifier NCT03941483). To date, however, no PPARS agonist has been approved and

marketed as a treatment for AKI.

[0009] There remains a need for new preventions and treatments for liver disorders, kidney

disorders and other conditions associated with PPARs.

4. SUMMARY OF THE INVENTION

[0010] The present invention provides novel compounds and their use to treat various
disorders, for example, liver disorders such as NASH, kidney disorders such as AKI, and other
conditions associated with PPARs. Without being bound by theory, the inventor believes that
the clinical usefulness of PPAR agonists such as elafibranor are limited by their toxicity such
that doses often cannot be increased sufficiently to reach an effective dose. The subject
invention provides novel compounds, including derivatives of elafibranor and related
compounds, and derivatives of PPAR modulators described in WO 2011/020001, WO
2017/06246, WO 2017/180818, and WO 2018/067857. Without being bound by theory, the
inventor believes that the compounds described herein can act as PPAR agonists and/or as
PPAR agonist prodrugs, which have advantageous properties that result in improved
bioavailability and/or half-life and/or safety and/or efficacy and/or improved therapeutic indexes,
following administration. In particular, the compound may thus have an improved therapeutic
index. The therapeutic index (T1) is a ratio that compares the dose at which a compound
becomes toxic against the dose at which it is effective. One common measure of Tl is
TDso/EDs0, wherein TDs and EDsp are the toxic and effective doses, respectively, for 50% of the
population. The larger the TI, the safer a compound is. Compounds with a low Tl can be difficult
to use in clinical practice and often require monitoring of plasma concentration in order to
prevent toxicity. The one or more advantageous properties of the compounds of the disclosure
(compared to known PPAR agonists, such as elafibranor or one or more PPAR agonists
described in WO 2011/020001, WO 2011/020001, WO 2017/06246, WO 2017/180818, and/or
WO 2018/067857) can include, for example, better solubility, better kinetics, better absorption,
better PPAR receptor selectivity at pharmaceutically effective doses, reduced drug metabolism
by cytochrome P450 or other enzymes such as reductases, reduced glucuronidation, reduced

toxicity, or a combination thereof.

[0011] In various aspects, the invention provides compounds of Formula (A)(H) and (J)-(AA)

and pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof.

[0012] In one aspect, the present invention provides compounds of Formula (A).

S (0] (CHy) X
~
\QW R7<R2
x

OH (A), and pharmaceutically acceptable salts,
solvates, esters, amides, and prodrugs thereof, wherein:
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each R' and R? is independently -C1-Cs alkyl, -C>-Ce alkenyl, -C2-Cs alkynyl, phenyl, or benzyl;
or alternatively, R" and R? together with the carbon atom to which R' and R? are attached
form a Cs_C~ cycloalkyl group;

X is -CH20OH, -COOH, -COH, -COOR?, -COOCH;CONR*R?, -SO;H,

Qﬂ%mrw@

CH3 (6] 5 CH3 S 5 CH3 S , Or CH3

R? is -C1_Cs alkyl, -Co-Cs alkenyl, -Co-Cs alkynyl, phenyl, or benzyl;

each R* and R® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and RS together
with the carbon atom to which R* and R® are attached form a heterocycle;

each R® and R” is independently H, -C1-Cs alkyl, -C2-Ce alkenyl, or -C,-Cs alkynyl; and

nis 0,1, 2, 3, or 4.

[0013] In another aspect, the present invention also provides compounds of Formula (B):
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S O.__(CHz)y"X
- n
\O\r(\f R?<R2
o

O (B), and pharmaceutically acceptable salts, solvates,

esters, amides, and prodrugs thereof, wherein:

each R" and R? is independently -C1-Cs alkyl, -C»-Cg alkenyl, -C,-Cs alkynyl, phenyl, or benzyl;
or alternatively, R" and R? together with the carbon atom to which R' and R? are attached
form a Cs-C7 cycloalkyl group;

X is -CH,0H, -COH, -COOCH,CONR“R?®, -SO;H,

Qﬁ%mr@

CH, O ,CH; S ,CH; S ,OF CH,
R3 is -C1-Cs alkyl, -C2-Cs alkenyl, -C,-Cs alkynyl, phenyl, or benzyi;
each R* and R® is independently alkyl, aryl, or heteroary!; or alternatively, R* and R5 together
with the carbon atom to which R* and R® are attached form a heterocycle;
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each R® and R” is independently H, -C+-Cs alkyl, -C»-Cs alkenyl, or -C2_Cs alkynyl; and

nis0, 1,2, 3,or4.

[0014] The present invention provides 2-(4-(3-hydroxy-3-(4-(methylthio)phenyl)prop-1-en-1-yl)-
2,6-dimethylphenoxy)-2-methylpropanoic acid (“Compound I") and pharmaceutically acceptable
salts, solvates, esters, amides, and prodrugs, thereof, wherein Compound | has the structure:

0
P o%LOH
AN
OH ().

[0015] The present invention also provides 3-(4-((1-hydroxy-2-methylpropan-2-yl)oxy)-3,5-
dimethylphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-one (“Compound I") and pharmaceutically
acceptable salts, solvates, esters, amides, and prodrugs thereof, wherein Compound Il has the

structure:

"G
NN
o) ().

[0016] The present invention further provides 3-(4-((1-hydroxy-2-methylpropan-2-yl)oxy)-3,5-
dimethylphenyl)-1-(4-(methylthio)phenyl)prop-2-en-1-ol (“Compound III") and pharmaceutically
acceptable salts, solvates, esters, amides, and prodrugs thereof, wherein Compound Il has the

BOSNS T

AN

structure OH (nn.

[0017] In another aspect, the present invention provides compounds of Formula (C)

R3 R* 6
ey R

N—Rj\ x——-vq—\ /\W—Z—C—(CHZ) RX

1 \ n
RS X A / -
\ R5 B R
A
(®)]

and pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof wherein:
R' is phenyl, naphthyl, pyridyl, thienyl, furyl, quinolyl or benzothienyl, any of which is

unsubstituted or substituted with Cigalkyl, C1.5 haloalkyl, C1¢ alkoxy, Cishaloalkoxy, Cz.s
alkenyl, Czs alkynyt, halogen, Cz.7 acyl, benzoyl, hydroxyl, nitro, amino, phenyl or pyridyl;
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R? is C, alkyl, C1s haloalkyl, C2 alkenyl, C2 alkynyl, 3-7 membered cycloalkyl, Cis alkyl
substituted with a 3-7 membered cycloalkyl, or C1.6 alky! substituted with phenyl, naphthyl or
pyridyl, any of which is unsubstituted or substituted with C1.s alkyl, C+ haloalkyl, Cis
alkoxy, Ci.s haloalkoxy, Ca.s alkenyl, C25 alkynyl, halogen, Cz7 acyl, benzoyl, hydroxyl, nitro,
amino, phenyl or pyridyl;

A is oxygen, sulfur or NR® in which R? is hydrogen or Ci alkyl;

X is a C1.s alkylene chain which is unsubstituted or substituted with C1s alkyl, C1 alkoxy or
hydroxyl, and which has 0 or 1 double bonds;

Y is C(=0), C(=N-OR™"), CH(OR"), CH=CH, C=C, or C(=CHy) in which each of R and R'is
hydrogen or Cq.5 alkyl;

each of R?, R* and R’ is independently hydrogen, C1.s alkyl, C1.s haloalkyl, C1.¢ alkoxy, C1s
haloalkoxy, Cas alkenyl, Czs alkynyl, halogen, C2.7 acyl, benzoyl, hydroxyl, nitro, amino,
phenyl, or pyridyl; optionally wherein at least one of R3, R*, and RS is not hydrogen;

B is CH or nitrogen;
Z is oxygen or sulfur;
each of R? and R’ is independently hydrogen, Ci alkyl, or Ci.s haloalkyl;

RX is CH;OH, COH, COOCH,CONR*R*5, SO3H,

o
HO
COOH o 0
1 ﬁ \(CL ’
oo . , °, 0
0] 0 0o O @] (@]
Il I I I I Il 6
0—P—OR*®  o0—p—0—P—OR"® O—P——O—IT—O—-!T—OR
L (IJRX6 ,““4 ORE RX , ORX6 ORX® QRX®
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*S are attached form a heterocycle;

each R*® and R¥" is independently H, C1 alkyl, Co— alkenyl, or Co-¢ alkynyl; and
nis0,1,2,3,or4.

[0018] In other aspects, the invention provides compounds of Formula (D)-(H) and (J)HAA) and

pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof.

[0018] The present invention further provides a compound having the structure

) \ o
CF3@S
o

acceptable salts, solvates, esters, amides, and prodrugs thereof.

(“Compound V") and pharmaceutically

[0020] The present invention further provides a compound having the structure

/7 o
CF3"@’<S
OH

acceptable salts, solvates, esters, amides, and prodrugs thereof.

(“Compound V") and pharmaceutically

[0021] The present invention further provides a compound having the structure

O on
CF3

(“Compound Va") and
pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof.

8
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[0022] The present invention further provides a compound having the structure

o
/N \ \/\OH
CF3/®-/<S
OH ("Compound Vb") and

pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof.

[0023] In further aspects, the invention provides compounds of Formula (D)-(H) and (J)-(AA),
e.g., as described in Section 5.2 (including subparts) and pharmaceutically acceptable salts,

solvates, esters, amides, and prodrugs thereof.
[0024] The present invention further provides a compound having the structure

CF3
=

N

I
—N
N\%
HO
(“Compound VI”) and pharmaceutically acceptable

salts, solvates, esters, amides, and prodrugs thereof.

[0025] The present invention further provides a compound having the structure

0
/©i \/\OH
N
CF3\©\N/ = S
\N/

pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof.

(“Compoundn VII") and

[0026] The present invention further provides a compound having the structure

N

Se O
o ST
~"o CF
[0027] (“Compound VIII") and

pharmaceutically acceptable salts, solvates, esters, amides, and prodrugs thereof.

i)

[0028] Each compound of Formula (A)-(H) and (J)-(AA), each compound of Compounds 1, I,
I, 1V, V, Va, Vb, VI, VII, and VIIl, and each compound described in Sections 5-7 (including their

subparts), or a pharmaceutically acceptable salt, solvate, ester, amide, and prodrug thereof is a

9
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“compound of the invention”. Exemplary features of compounds of the invention are described
in Section 5.2 and specific embodiments 1 to 50 in Section 7.1 and 1 to 209 in Section 7.2,

infra.

[0029] The present invention also provides compositions comprising i) an effective amount of a
compound of the invention and ii) a pharmaceutically acceptable carrier or vehicle (each
composition being a “composition of the invention”). Exemplary features of pharmaceutical
compositions of the disclosure are described in Section 5.3 and specific embodiments 51to 54
in Section 7.1 and 210 to 213 in Section 7.2, infra.

[0030] The present invention further provides methods for treating or preventing a liver disorder,
dyslipidemia, dyslipoproteinemia, a renal disease, a disorder of glucose metabolism, a disorder of
lipid metabolism, a disorder of glucid metabolism, a cardiovascular disease, a vascular disease, a
metabolic syndrome, a complication associated with metabolic syndrome, a PPAR-associated
disorder, septicemia, a thrombotic disorder, obesity, diabetic nephropathy, diabetic retinopathy,
atherosclerosis, pancreatitis, a cerebrovascular disease, a disorder related to neovascularization,
hypertension, cancer, inflammation, an inflammatory disease, a neurodegenerative disease, an
autoimmune disease, a neoplastic disease, muscle atrophy, cholestasis, mitochondrial
dysfunction, an ocular disease, a lysosomal storage disease, a kidney disease (e.g., acute kidney
injury), or impotence, comprising administering to a subject in need thereof an effective amount

of a compound of the invention or a composition of the invention.

[0031] The present invention further provides methods for treating or preventing hyperlipemia,
hyperlipidemia, hyperlipoproteinemia, hypercholesterolemia, hypertriglyceridemia, or dyslipidemia,
comprising administering to a subject in need thereof an effective amount of a compound of the

invention or a composition of the invention.

[0032] The present invention further provides methods for treating a subject having or preventing
a subject from having an abnormally high concentration in a subject’s blood plasma or blood
serum of high low-density lipoprotein (LDL), apolipcprotein B (apo B), lipoprotein(a) (Lp(a)),
apolipoprotein (a), or very low-density lipoprotein (VLDL), comprising administering to a subject in
need thereof an effective amount of a compound of the invention or a composition of the

invention.

[0033] The present invention further provides methods for treating a subject having or preventing
a subject from having an abnormally low concentration in a subject’s blood plasma or blood serum
of high-density lipoprotein (HDL), comprising administering to a subject in need thereof an

effective amount of the compound of the invention or the composition of the invention.

[0034] The present invention further provides methods for treating a subject having or preventing

a subject from having an abnormally reduced or deficient lipoprotein lipase concentration or activity

10
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in a subject’s blood plasma or blood serum, comprising administering to a subject in need thereof

an effective amount of a compound of the invention or a composition of the invention.

[0035] The present invention provides methods for treating or preventing
hypoalphalipoproteinemia, a lipoprotein abnormality associated with diabetes, a lipoprotein
abnormality associated with obesity, a lipoprotein abnormality associated with Alzheimer's
Disease, or familial combined hyperlipidemia, comprising administering to a subject in need

thereof an effective amount of a compound of the invention or a composition of the invention.

[0036] The present invention further provides methods for reducing in a subject’s blood plasma
or blood serum an abnormally high concentration of triglycerides, low-density lipoprotein
cholesterol (LDL-C), very low-density lipoprotein cholesterol (VLDL-C), non-high-density
lipoprotein cholesterol, (non-HDL-C), lipoprotein(a) (Lp(a)), apolipoprotein B, HDL/(VLDL+LDL)
ratio, apolipoprotein C-li or apolipoprotein C-lll, comprising administering to a subject in need

thereof an effective amount of a compound of the invention or a composition of the invention.

[0037] The present invention further provides methods for elevating in a subject’s blood plasma
or blood serum an abnormally low concentration of a high-density lipoprotein (HDL) associated
protein, HDL-cholesterol, apolipoprotein A-l, or apolipoprotein E, comprising administering to a
subject in need thereof an effective amount of a compound of the invention or a composition of
the invention.

[0038] The present invention further provides methods for promoting clearance of triglycerides
from a subject’s biood plasma or blood serum, comprising administering to a subject in need

thereof an effective amount of a compound of the invention or a composition of the invention.

[0039] The present invention further provides methods for increasing abnormally low glucose
metabolism or increasing abnormally low lipid metabolism in a subject, comprising administering
to a subject in need thereof an effective amount of a compound of the invention or a

composition of the invention.

[0040] The present invention further provides methods for treating or preventing one or more
symptoms of inflammation, systemic lupus erythematosus, lupus nephritis, or arthritis, comprising
administering to a subject in need thereof an effective amount of a compound of the invention

or a composition of the invention.

[0041] The present invention further provides methods for reducing the fat content of meat in
livestock, comprising administering to livestock an effective amount of a compound of the

invention or a composition of the invention.

[0042] The present invention further provides methods for reducing cholesterol content of a fowl
egg, comprising administering to a fowl species an effective amount of a compound of the

invention or a composition of the invention.

1"
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[0043] Exemplary uses of the compounds and compositions of the disclosure are described in
specific embodiments 55 to 163 in Section 7.1 and specific embodiments 214 to 322 in Section
7.2, infra.

5. DETAILED DESCRIPTION OF THE INVENTION

5.1. Definitions
[0044] The term “about” when immediately preceding a numerical value means x up to 20% of
the numerical value. For example, “about” a numerical value means % up to 20% of the
numerical value, in some embodiments, + up to 19%, £ up to 18%, * up to 17%, + up to 16%, *
up to 15%, + up to 14%, = up to 13%, £ up to 12%, + up to 11%, + up to 10%, £ up to 9%, * up
t0 8%,  up to 7%, + up to 6%, + up to 5%, + up to 4%, * up to 3%, T upto 2%, * up to 1%, *

up to less than 1%, or any other value or range of values therein.

[0045] Throughout the present specification, numerical ranges are provided for certain
quantities. These ranges comprise all subranges therein. Thus, the range “from 50 to 80"
includes all possible ranges therein (e.g., 51-79, 62-78, 563-77, 54-76, §5-75, 60-70, efc.).
Furthermore, all values within a given range may be an endpoint for the range encompassed

thereby (e.g., the range 50-80 includes the ranges with endpoints such as 55-80, 50-75, etc.).

[0046] The term “pharmaceutically acceptable salt” includes both an acid and a base addition
salt. Pharmaceutically acceptable salts can be obtained by reacting the compound of the
invention functioning as a base, with an inorganic or organic acid to form a salt, for example,
salts of hydrochloric acid, sulfuric acid, phosphoric acid, methanesulfonic acid, camphorsulfonic
acid, oxalic acid, maleic acid, succinic acid, citric acid, formic acid, hydrobromic acid, benzoic
acid, tartaric acid, fumaric acid, salicylic acid, mandelic acid, carbonic acid, etc.
Pharmaceutically acceptable salts can also be obtained by reacting a compound of the
invention functioning as an acid, with an inorganic or organic base to form a salt, for example,
salts of sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper,
manganese, aluminum, ammonia, isopropylamine, trimethylamine, choline, betaine, etc.
inorganic base can include, but are not limited to, calcium hydroxide, postassium hydroxide,
sodium hydroxide, and sodium carbonate. Organic base can include, but are not limited to,
primary amines, secondary amines, tertiary amines, substituted amines including naturally-
occurring substituted amines, and cyclic amines, such as isopropylamine, trimethylamine,
diethylamine, triethylamine, tripropylamine, ethanolamine, 2-dimethylaminoethanol,
tromethamine, lysine, arginine, histidine, caffeine, procaine, hydrabamine, glucoasamine, N-
alkylgucamines, theobromine, purines, piperazine, piperidine, N-ethylpiperidine, and the like.
Those skilled in the art will further recognize that pharmaceutically acceptable salts can be
prepared by reaction of the compounds of the invention with an appropriate inorganic or organic
acid or base via any of a number of known methods.

12
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[0047] The term “solvate” refers to a solvation complex. Solvates can be formed by solvation
(the combination of solvent molecules with molecules or ions of the compounds of the
invention), or a solvate can be an aggregate that comprises a solute ion or molecule or a
solvent molecules. The solvent can be water, in which case the solvate is a hydrate. Examples
of hydrates include, but are not limited to, a hemihydrate, monohydrate, dihydrate, trihydrate,
hexahydrate, etc. The solvate can be formed via hydration, including via absorption of moisture.
A pharmaceutically acceptable salt can also be a solvate. Where a solvate is obtained via
crystallization from a solvent, the solvent can be an alcohol, such as methanol or ethanol; an

aldehyde; a ketone, such as acetone; or an ester, such as ethyl acetate.

[0048] The compounds of the invention can have one or more asymmetric centers and can
thus be enantiomers, racemates, diastereomers, other stereoisomers and mixtures thereof. The
compounds of the invention include all such possible isomers (including geometric isomers), as
well as their racemic and optically pure forms whether or not they are specifically depicted
herein. Optically active (+) and (-), (R)- and (S)-, or (D)- and (L)- isomers can be prepared using
chiral synthons or chiral reagents, or resolved using conventional techniques, for example,
chromatography and fractional crystallization. Conventional techniques for the preparation or
isolation of individual enantiomers include chiral synthesis from a suitable optically pure
precursor or resolution of the racemate using, for example, chiral high pressure liquid
chromatography (HPLC). Likewise, the compounds of the invention include all tautomeric

forms.

[0049] The language “substantially free of its corresponding opposite enantiomer” means
having no more than about 10 mol %, in another embodiment no more than about 5 mol %, in
another embodiment no more than about 2 mol %, in another embodiment no more than about
1 mol %, in another embodiment no more than about 0.5 mol % and in another embodiment no

more than about 0.1 mol %, of its corresponding opposite enantiomer.

[0050] The language “substantially free of its corresponding opposite stereoisomer” means
having no more than about 10 mol %, in another embodiment no more than about 5 mol %, in
another embodiment no more than about 2 mol %, in another embodiment no more than about
1 mol %, in another embodiment no more than about 0.5 mol % and in another embodiment no

more than about 0.1 mol %, of its corresponding opposite sterecisomer.

[0051] The language “substantially free of its corresponding other olefin configuration” means
having no more than about 10 mol %, in another embodiment no more than about 5 mol %, in
another embodiment no more than about 2 mol %, in another embodiment no more than about
1 mol %, in another embodiment no more than about 0.5 mol % and in another embodiment no

more than about 0.1 mol %, of its corresponding other olefin configuration.

[0052] An "effective amount” when used in connection with a compound of the invention means

an amount of the compound of the invention that, when administered to a subject is effective to

13
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treat or prevent a disorder or condition disciosed herein, alone or with another pharmaceutically

active agent.

[0053] An "effective amount” when used in connection with another pharmaceutically active
agent means an amount of the other pharmaceutically active agent that is effective to treat or
prevent a disorder or condition disclosed herein, alone or in combination with a compound of

the invention.

[0054] A “subject” is a human or non-human mammal, e.g., a bovine, horse, feline, canine,
rodent, or non-human primate. The human can be a male or female, child, adolescent or adult.

The female can be premenarcheal or postmenarcheal.

[0055] “Mammal” includes a human, domestic animal such as a laboratory animal (e.g., mouse,
rat, rabbit, monkey, dog, etc.) and household pet (e.g., cat, dog, swine, cattle, sheep, goat,
horse, rabbit), and a non-domestic, wild animal.

[0056] All weight percentages (i.e., "% by weight" and "wt. %" and w/w) referenced herein,
unless otherwise indicated, are relative to the total weight of the mixture or composition, as the

case can be.

[0057] “Alky!” refers to a fully saturated, straight or branched hydrocarbon chain having from
one to twelve carbon atoms, and which is attached to an atom by a single bond. Alkyls with a
number of carbon atoms ranging from 1 to 12 are included. An alkyl group with 1 to 12 carbon
atoms is a C1-Cq2 alkyl (alternatively represented as Ci.12 alkyl), an alkyl group with 1 to 10
carbon atoms is a C+-Cqo alkyl (alternatively represented as Ci.10 alkyl), an alkyl group with 1 to
6 carbon atoms is a C1-Cs alkyl (alternatively represented as Ci.s alkyl), an alkyl group with 1 to
5 carbon atoms is a C1-Cs alkyl (alternatively represented as Ci.5 alkyl), and so on. A C4-Cs
alkyl includes Cs alkyls, C. alkyls, Cs alkyls, C alkyls and C4 alkyl (i.e., methyl). A C4-Ce alkyl
includes all moieties described above for C1-Cs alkyls but also includes Cg alkyls. A C+-C1o alkyl
includes all moieties described above for C4-Cs alkyls and C+-Cs alkyls, but also includes Cr, Cs,
Co and C1o alkyls. Similarly, a C+-Cs alkyl includes all the foregoing moieties, but aiso includes
C11 and Cq2 alkyls. Non-limiting examples of C4-C12 alky! include methyl, ethyl, n-propyl, i-
propyl, sec-propyl, n-butyl, i-butyl, sec-butyl, t-butyl, n-pentyl, t-amyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, n-undecyl, and n-dodecyl. Unless stated otherwise, an alkyl group can be
unsubstituted or substituted with a substituent disclosed herein. In some embodiments, an alkyl

group is unsubstituted.
[0058] Alkoxy" refers to RO in which R is alkyl.

[0059] “Alkenyl” refers to a straight or branched hydrocarbon chain having from two to twelve
carbon atoms, and having one or more carbon-carbon double bonds. Each alkenyl group is
attached to an atom by a single bond. Alkenyl groups with a number of carbon atoms ranging
from 2 to 12 are included. An alkenyl group with 2 to 12 carbon atoms is a C>-C4 alkeny!
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(alternatively represented as Cz.12 alkenyl), an alkenyl group with 2 to 10 carbon atoms is a Cz-
C1o alkenyl (alternatively represented as Ca-10 alkenyl), an alkenyl group with 2 to 6 carbon
atoms is a C2-Cs alkenyl (alternatively represented as C2s alkenyl) and an alkenyl group with 2
to 5 carbon atoms is a C2-Cs alkenyl (alternatively represented as C2s alkenyl) and so on. A C;-
Cs alkenyl includes Cs alkenyls, Cs alkenyls, Ca alkenyls, and C; alkenyls. A C>-Cs alkenyl
includes all moieties described above for Co-Cs alkenyls but also includes Ce alkenyls. A C2-Cqo
alkenyl includes all moieties described above for C2-Cs alkenyls and C»-Cg alkenyls, but also
includes Cz, Cs, Co and C1o alkenyls. Similarly, a C.-C+2 alkenyl includes all the foregoing
moieties, but also includes C11 and C12 alkenyls. Non-limiting examples of C>-C12 alkenyl
include ethenyl (vinyl), 1-propenyl, 2-propenyl (allyt), iso-propenyl, 2-methyl-1-propenyl, 1-
butenyl, 2-butenyl, 3-butenyl, 1-penteny!, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1-hexenyl, 2-
hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 5-
heptenyl, 6-heptenyl, 1-actenyl, 2-octenyl, 3-octenyl, 4-octenyl, 5-octenyl, 6-octenyl, 7-octenyl,
1-nonenyl, 2-nonenyl, 3-nonenyl, 4-nonenyl, 5-nonenyl, 6-nonenyl, 7-nonenyl, 8-nonenyl, 1-
decenyl, 2-decenyl, 3-decenyl, 4-decenyl, 5-decenyl, 6-decenyl, 7-decenyl, 8-decenyl, 9-
decenyl, 1-undecenyl, 2-undecenyl, 3-undecenyl, 4-undecenyl, 5-undecenyl, 6-undecenyl, 7-
undecenyl, 8-undecenyl, 9-undecenyl, 10-undecenyl, 1-dodecenyl, 2-dodecenyl, 3-dodecenyl,
4-dodecenyl, 5-dodecenyl, 6-dodecenyl, 7-dodecenyl, 8-dodecenyl, 9-dodecenyl, 10-dodecenyl,
and 11-dodecenyl. Unless stated otherwise, an alkyl group can be unsubstituted or substituted

with a substituent disclosed herein. In some embodiments, an alkenyl group is unsubstituted.

[0060] “Alkynyl” refers to a straight or branched hydrocarbon chain radical having from two to
twelve carbon atoms, and having one or more carbon-carbon friple bonds. Each alkynyl group
is attached to an atom by a single bond. Alkynyl groups with a number of carbon atoms ranging
from 2 to 12 are included. An alkynyl group having 2 to 12 carbon atoms is a C2-C+2 alkynyl
(alternatively represented as Cz.12 alkynyl), an alkynyl group with 2 to 10 carbon atoms is a Cz-
Cio alkyny! (alternatively represented as Cz.10 alkynyl), an alkynyl group with 2 to 6 carbon
atoms is a C,-Cs alkynyl (alternatively represented as Cz.s alkynyl) and an alkynyl group with 2
to 5 carbon atoms is a C»-Cs alkynyl (alternatively represented as Cos alkynyl). A C>-Cs alkynyl
includes Cs alkynyls, C4 alkynyls, Cs alkynyls, and Cz alkynyls. A C2-Cs alkynyl includes all
moieties described above for C2-Cs alkynyls but also includes Cs alkynyls. A C2-Cqo alkynyl
includes all moieties described above for C2-Cs alkynyls and C»-Cs alkynyls, but also includes
Cz, Cs, Co and Cyo alkynyls. Similarly, a C2-C12 alkynyl includes all the foregoing moieties, but
also includes C11 and C+z alkynyls. Non-limiting examples of C,-C12 alkenyl include ethynyl,
propynyl, butynyl, pentynyl and the like. Unless stated otherwise, an alkyl group can be
unsubstituted or substituted with a substituent disclosed herein. In some embadiments, an

alkynyl group is unsubstituted.
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[0061] “Aryl” refers to a hydrocarbon ring system radical comprising hydrogen, 6 to 18 carbon
atoms and at least one aromatic ring. The aryl radical can be a monocyclic, bicyclic, tricyclic or
tetracyclic ring system, which can include fused or bridged ring systems. Aryl radicals include,
but are not limited to, aceanthrylenyl, acenaphthylenyl, acephenanthrylenyl, anthracenyt,
azulenyl, chrysenyl, fluoranthenyl, fluorenyl, as-indacenyl, s-indacenyl, indanyl, indenyl,
naphthalenyl, phenalenyl, phenanthrenyl, phenyl, pleiadenyl, pyrenyl, and triphenylenyl. Unless
stated otherwise, the aryl can be unsubstituted or substituted with a substituent disclosed

herein. In some embodiments, an aryl group is unsubstituted.

[0062] “Cycloalkyl” refers to a non-aromatic monocyclic or polycyclic fully saturated
hydrocarbon radical consisting of carbon and hydrogen atoms, which can include fused or
bridged ring systems, having from three to twenty carbon atoms, preferably having from three
to ten carbon atoms, and which is attached to an atom by a single bond. Monocyclic cycloalky!
radicals include, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. Polycyclic cycloalkyl radicals include, for example, adamantyl, norbornyl, decalinyl,
7,7-dimethyl-bicyclo[2.2.1]heptanyl, and the like. Unless stated otherwise, a cycloalkyl group
can be unsubstituted or substituted with a substituent disclosed herein. In some embodiments,

a cycloalkyl group is unsubstituted.
[0063] “Halo” or “halogen” represents chloro, fluoro, bromo or iodo.

[0064] “Haloalkyl” refers to an alkyl group in which one or more hydrogen atoms are replaced
by halogen. Examples of haloalkyl groups include trifluoromethyl (CF3), difluoromethyl (CF2H),
monofluoromethyl (CHzF), pentafluoroethyl (CF2CF3), tetrafluoroethyl (CHFCF3),

monofluoroethyl (CH2CH:F), trifluoroethyl (CH2.CF3), tetrafluorotrifluoromethylethy! (CF(CF3)2).

[0065] "Haloalkoxy" refers to RO in which R is a haloalkyl group.

[0066] “Heteroaryl” refers to a 5- to 20-membered ring system radical including hydrogen
atoms, one to thirteen carbon atoms, one to six nitrogen, oxygen or sulfur heteroatoms, and at
least one aromatic ring. The heteroaryl radical can be a monocyclic, bicyclic, tricyclic or
tetracyclic ring system, which can include fused or bridged ring systems; and the nitrogen,
carbon or sulfur atoms in the heteroaryl radical can be optionally oxidized; the nitrogen atom
can be optionally quaternized. Examples of heteroaryl include, but are not limited to, azepinyl,
acridinyl, benzimidazolyl, benzothiazolyl, benzindolyl, benzodioxolyl, benzofuranyl,
benzooxazolyl, benzothiazolyl, benzothiadiazoly!, benzolb]{1,4]dioxepinyl, 1,4-benzodioxanyl,
benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl,
benzopyranonyl, benzofuranyl, benzofuranonyl, benzothienyl (benzothiophene), benzotriazolyl,
benzo[4,6]imidazo[1,2-alpyridinyl, carbazolyl, cinnolinyl, dibenzofuranyl, dibenzothiophene,
furanyl, furanonyl, isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl, indolinyl,
isoindolinyl, isoguinolyl, indolizinyl, isoxazolyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl,
oxazolyl, oxiranyl, 1-oxidopyridinyl, 1-oxidopyrimidinyl, 1-oxidopyrazinyl, 1-oxidopyridazinyl,
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1-phenyl-1H-pyrrolyl, phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl,
pyrrolyl, pyrazolyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, quinazolinyl, quinoxalinyl,
quinalinyl, quinuclidinyl, isoquinolinyl, tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl,
tetrazolyl, triazinyl, and thienyl). Unless stated otherwise, a heteroaryl group can be

unsubstituted or substituted. In some embodiments, a heteroaryl group is unsubstituted.

[0067] “Heterocyclyl” refers to a 3- to 20-membered non-aromatic, partially unsaturated, or
aromatic ring radical which includes two to twelve carbon atoms and from one to six nitrogen,
oxygen or sulfur heteroatoms. Heterocycly include heteroaryls as defined herein. Uniess stated
otherwise, the heterocyclyl radical can be a monocyclic, bicyclic, tricyclic or tetracyclic ring
system, which can include fused, bridged, and spiral ring systems; and the nitrogen, carbon or
sulfur atoms in the heterocyclyl radical can be optionally oxidized; the nitrogen atom can be
optionally quaternized; and the heterocyclyl radical can be partially or fully saturated. Examples
of heterocyclyl radicals include, but are not limited to, dioxolfanyl, thienyl[1,3]dithianyl,
decahydroisoquinolyl, imidazolinyl, imidazolidinyl, isothiazolidinyi, isoxazolidinyl, morpholinyl,
octahydroindolyl, octahydroisoindolyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl,
oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl,
thiazolidinyl, tetrahydrofuryl, trithianyl, tetrahydropyranyl, thiomorpholinyl, thiamorphoiinyl,
1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyl. Unless stated otherwise, a heterocyclyl
group can be unsubstituted or substituted with a substituent disclosed herein. In some
embodiments, a heterocyclyl groups is unsubstituted.

[0068] As used herein, the symbol * % "or" HL(” (a “point of attachment bond”)

denotes a bond that is a point of attachment between two chemical entities, one of which is

depicted as being attached to the point of attachment bond and the other of which is not

depicted as being attached to the point of attachment bond. For example, * XY_%— “or”

zZL/XY
" indicates that the chemical entity “XY” is bonded to another chemical entity via the

point of attachment bond.

5.2, The Compounds of the Invention
5.2.1. Compounds of Formula (A)
[0069] In some embodiments, the compound of the invention is a compound of Formula (A):
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S 0.__(CHyp)q~X
e
\\

OH (A), or a pharmaceutically acceptable salt, solvate,

ester, amide, or prodrug thereof, wherein:
each R' and R? is independently -C-Cs alkyl, -C2-Cs alkenyl, -C2_Cs alkynyl, phenyl, or benzyl;
or alternatively, R' and R? tagether with the carbon atom to which R’ and R? are attached

form a C3-C cycloalky! group;
X is -CHz0OH, -COOH, -COH, -COOR?, -COOCH,CONR*R®, -SO3H,

Qﬁﬁ/ﬁ%ﬂ”@

0

A o L

o) JCH; S ,CHy S ,0r CH,

R? is -C1-Cs alkyl, -C»-Cs alkenyl, -C,-Cs alkynyl, phenyl, or benzyl;
each R* and R® is independently alkyl, aryl, or heteroaryi; or aiternatively, R* and R® together
with the carbon atom to which R* and R?® are attached form a heterocycle;
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each R® and R is independently H, -C1-Cs alkyl, -C>-Cs alkenyl, or -C2_Cs alkynyl; and
nis0, 1, 2, 3, or 4.

[0070] In some embodiments, the compound of Formula (A) is a racemate or a mixture of
enantiomers or diastereomers. In some embodiments, the compound of Formula (A) has an
olefin isomer configuration of (Z) or (E). In some embodiments, the hydroxyl-bearing allylic

carbon atom of the compound of Formula (A) has an (R)- or an (S)-stereochemistry.

[0071] In some embodiments, the compound of Formula (A) is a (Z)-isomer (or cis) and has the

e
OH OY(CHZ),,—X

Cﬂ 1 R2

structure: = ((Z)-A). In some embodiments, the
compound of Formula ((Z)-A) is substantially free of its corresponding other olefin configuration
(i.e., (E)-isomer).

[0072] In some embodiments, the compound of formula (A) is an (E)-isomer (or trans) and has

_S OX(CHz)n—X
R! R?
N
OH

compound of Formula ((E)-A) is substantially free of its corresponding other olefin configuration

the structure: ((E)-A). In some embodiments, the

(i.e., (Z)-isomer).

[0073] In some embodiments, the compound of Formula (A) has an hydroxyi-bearing allylic

carbon atom having (R)-stereochemistry and has the structure:

s O__(CHp)pX

OH ((R)-A\). In some embodiments, the compound of
Formula ((R)-A) is substantially free of its corresponding opposite stereoisomer, i.e., a
compound of Formula (A) whose hydroxyl-bearing allylic carbon atom has an (S)-

stereochemistry.

[0074] In some embodiments, the hydroxyl-bearing allylic carbon atom of the compound of

Formula (A) has an (S)-stereochemistry and has the structure:

P 0 _(CHp),-X

OH ((S)-A). In some embodiments, the compound of

Formula ((S)-A) is substantially free of its corresponding opposite stereoisomer, i.e., a
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compound of Formula (A) whose hydroxyl-bearing allylic carbon atom has an (R)-
stereochemistry.

[0075] In some embodiments, the compound of Formula (A) is a (Z)-isomer (or cis), has an

hydroxyl-bearing allylic carbon atom having an (R)-stereochemistry and has the structure:

/S
O Rlon O._(CHz)yX

S

R! R?
X A(Z)-(R)-A). In some embodiments, the compound of
Formula ((Z)-(R)-A) is substantially free of compounds of Formulae ((Z)-(S)-A), ((E)-(R)-A), or
((E)-(S)-A).

{0076] In some embodiments, the compound of Formula (A) is a (Z)-isomer (or cis), has an

hydroxyl-bearing allylic carbon atom having an (S)-stereochemistry and has the structure:

((2)-{S)-A). In some embodiments, the compound of
Formula ((Z)-(S)-A) is substantially free of compounds of Formulae ((Z)-(R)-A), ((Z)-(R)-A), ot
((2HSy-A).

[0077] In some embodiments, the compound of Formula (A) is an (Ej-isomer (or cis), has an

hydroxyl-bearing allylic carbon atom having an (R)-stereochemistry and has the structure:

s Ou__(CHy)p-X
O UGN O e

OH ((E)-(R)-A). In some embodiments, the compound of
Formula ((E)-(R)-A) is substantially free of compounds of Formulae ((E)-(S)-A), ((Z)-(R)-A), or
((Z)AS)-A).
[0078] in some embodiments, the compound of Formula (A) is an (E)-isomer (or c¢is), has an

hydroxyl-bearing allylic carbon atom having an (S)-stereochemistry and has the structure:

S O (CHg)a~X
Clo %

OH ((E)-(S)-A). In some embodiments, the compound of
Formula ((E)-(S)-A) is substantially free of compounds of Formulae ((E)<(R)-A), ((Z)-(R)-A), or
((2)-(S)-A).
[0079] In some embodiments of compounds of Formula (A), ((2)-A), ((E)-A), (R)-A), ((S)-A),
((E)H(R)-A), ((E)-(S)-A), ((2)-(R)-A), or ((Z)-(S)-A) each R" and R? is independently -C;_Cs alkyl.
In some embodiments, each R' and R? is independently -C1-Cs alkyl. In some embadiments,

each R' and R? is independently methyl.
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[0080] In some embodiments of compounds of formula (A), ((Z)-A), ((E)-A), ((R)-A), ((S)-A),
((E)-(R)-A), ((E)-(S)-A), ((Z)-(R)-A), or ((Z)-(S)-A), X is -CH,OH, -COOH, -COH, or -COOR?, or -
COOCHZCONR*R®. In some embodiments, X is -CH20OH, -COOH, -COOR?, -
COOCH:CONR*RS. In some embodiments, X is -CH2CH or -COOH.

[0081] In some embodiments of compounds of Formula (A), ((2)-A), ((E)-A), ((R)}-A). ((S)-A),
((E)-(R)-A), ((E)-(S)-A), ((Z)-(R)-A), or ((Z)-(S)-A), R® is -C1-Cs alkyl. In some embodiments, R?
is methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, or t-butyl.

[0082] In some embodiments of compounds of Formula (A), ((Z)-A), ((E)-A), ((R)-A), ((S)-A),
((E)-(R)-A), ((E)-(S)-A), ((Z)-(R)-A), or ((Z)-(S)-A),nis 0, 1, 2, or 3. In some embodiments, nis

0, 1, or 2. In some embodiments, nis 0 or 1.

5.2.1.1. Compound |
[0083] In some embodiments, the compound of the invention is Compound | having the
o]

s 0><U\OH
N

structure: OH (1), or a pharmaceutically acceptable salt,

solvate, ester, amide, or prodrug thereof.

[0084] In some embodiments, Compound | is a racemate or a mixture of enantiomers. In some
embodiments, Compound | has an olefin isomer configuration of (Z) or (E). In some
embodiments, Compound | has an hydroxyl-bearing allylic carbon atom having an (R)- or an

(S)-stereochemistry.

[0085] In some embodiments, Compound | is a (Z)-isomer (or ¢is) and has the structure:

O i
OH O OXLOH
X ((Z)-1). In some embodiments, Compound l is a (Z)-isomer

and is substantially free of its corresponding other olefin configuration (i.e., (E)-isomer).

[0086] In some embodiments, Compound | is an (E)-isomer (or trans) and has the structure:
o]
O
X
OH

isomer and is substantially free of its corresponding other olefin configuration (i.e., (Z)-isomer).

((E)-1). In some embodiments, Compound | is an (E)-

[0087] In some embodiments, Compound | has an hydroxyl-bearing allylic carbon atom having

an (R)-enantiomer and has the structure:
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@]
S O><1LOH
(R)

[0088] OH ((R)-1). In some embodiments, Compound I has
an hydroxyl-bearing allylic carbon atom having an (R)-enantiomer and is substantially free of its

corresponding opposite enantiomer (i.e., (S)-enantiomer).

[0089] In some embodiments, Compound | has an hydroxyl-bearing allylic carbon atom having

an (S)-enantiomer and has the structure:

Ll LR

[0090] ((S)-1). In some embodiments, Compound | has
an hydroxyl-bearing allylic carbon atom having an (S)-enantiomer and is substantially free of its
corresponding opposite enantiomer (i.e., (R)-enantiomer). In some embodiments, Compound |
is a non-racemic mixture of its (R)-enantiomer and (S)-enantiomer. In some embodiments, the
non-racemic mixture has an excess of (R)-enantiomer relative to (S)-enantiomer. In some
embodiments, the non-racemic mixture has an excess of (S)-enantiomer relative to (R)-

enantiomer.

[0091] In some embodiments, Compound | is a (Z)-isomer (or cis), has an hydroxyl-bearing

allylic carbon atom having an (R)-enantiomer and has the structure:

Q i
> OH O O%OH
= ((Z)-(R)-1). In some embodiments, Compound ((Z)-(R)-1) is

substantially free of Compounds ((Z)-(S)-1), ((E)-(R)-1), or ((E)-(S)-1).

[0092] In some embodiments, Compound | is a (Z)-isomer, has an hydroxyl-bearing allylic

carbon atom having an (S)-enantiomer and has the structure:

ae . i
. OH o7<lLOH
= ((Z)-(S)-1). In some embodiments, Compound ((Z)-(S)-1) is

substantially free of Compounds ((Z)-(R)-1), ((E)-(R)-1), or ((E)-(S)-1).

[0093] In some embodiments, Compound | is an (E)-isomer (or trans), has an hydroxyl-bearing

allylic carbon atom having an (R)-enantiomer and has the structure:
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0
s O%OH
O B~ O

OH ((E)-(R)!). In some embodiments, Compound ((E)~(R)-1)
is substantially free of Compounds (E)-(S)-1), ((Z)-(R)-1), or ((Z)-(S)-1).

[0094] In some embodiments, Compound | is an (E)-isomer, has an hydroxyl-bearing allylic

carbon atom having an (S)-enantiomer and has the structure:

O
P o%LOH
Ul
OH ((E)«S)-1). In some embodiments, Compound ((E)-(S)-1)

is substantially free of Compounds ((E)-(R)-1), ((Z)-(R)-1), or ((Z)-(S)-I).

5.2.1.2. Compound il
[0095] In some embodiments, the compound of the invention is Compound Iil having the
structure:

/%@%

ester, amide, or prodrug thereof.

(1n, or a pharmaceutically acceptable salt, solvate,

[0096] In some embodiments, Compound il is a racemate or a mixture of enantiomers. In
some embodiments, Compound Ili has an olefin isomer configuration of (Z) or (E). In some
embodiments, Compound Il has an hydroxyl-bearing allylic carbon atom having an (R)- or an
(S)-stereochemistry.

[0097] In some embodiments, Compound Il is a (Z)-isomer (or ¢is) and has the structure:

S
OH

SN

S G

isomer and is substantially free of its corresponding other olefin configuration (i.e., (E)-isomer).

((Z)-1i1). In some embodiments, Compound lll is a (Z)-

[0098] In some embodiments, Compound [l is an (E)-isomer (or trans) and has the structure:
S 0
- OH
O <
OH

isomer and is substantially free of its corresponding other olefin configuration (i.e., (Z)-isomer).

((E)-lID). In some embodiments, Compound Iii is an (E)-
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[0099] In some embodiments, Compound Ill has an hydroxyi-bearing allytic carbon atom

having an (R)-enantiomer and has the structure:

Ml L

((R)-ilt). In some embodiments, Compound Il has an
hydroxyl-bearing allylic carbon atom having an (R)-enantiomer and is substantially free of its

corresponding opposite enantiomer (i.e., (S)-enantiomer).

[0100] In some embodiments, Compound Il has an hydroxyl-bearing allylic carbon atom

S o)
(S)\ O 7o

having an (S)-enantiomer and has the structure: OH ((S)-M1).
In some embodiments, Compound Il has an hydroxyi-bearing allylic carbon atom having an
(S)-enantiomer and is substantially free of its corresponding opposite enantiomer (i.e., (R)-
enantiomer). In some embodiments, Compound Il is a non-racemic mixture of its (R)-
enantiomer and (S)-enantiomer. In some embodiments, the non-racemic mixture has an excess
of (R)-enantiomer relative to (S)-enantiomer. In some embodiments, the non-racemic mixture

has an excess of (S)-enantiomer relative to (R)-enantiomer.

[0101] In some embodiments, Compound ! is an (Z)-isomer (or ¢is), has an hydroxyl-bearing

allylic carbon atom having an (R)-enantiomer and has the structure:

< on
\©I©/\ ((Z)-(R)-Il). In some embodiments, Compound ((Z)-(R)-Il)

is substantially free of Compounds ((Z)-(S)-Ill), ((E)-(R)-1l1), or ((E)-(S)-Ii}).

[0102] In some embodiments, Compound il is an (Z)-isomer, has an hydroxyl-bearing allylic

carbon atom having an (S)-enantiomer and has the structure:

((2)-(S)-lil). In some embodiments, Compound ((Z)-(S)-II})
is substantially free of Compounds ((Z)-(R)-1l}, ((E)-(R)-Ill), or ((E)-(S)-lI1).

[0103] In some embodiments, Compound | is an (E)-isomer (or trans), has an hydroxyl-bearing
allylic carbon atom having an (R)-enantiomer and has the structure:
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((E)-(R)-1l). In some embodiments, Compound ((E)-(R)-
lil) is substantially free of Compounds ((E)-(S)-Ill), ((Z)-(R)-I11), or ((Z)-(S)-11I).

[0104] In some embodiments, Compound Ill is an (E)-isomer, has an hydroxyl-bearing allylic

carbon atom having an (S)-enantiomer and has the structure:

S (0]
Ol L

((E)-(S)-Il). In some embodiments, Compound ((E)-(S)-
I} is substantially free of Compounds ((E)-(R)-1ll), ((Z)-(R)-II1), or ({Z)-(S)-1lI).

5.2.2. Compounds of Formuila (B)
[0105] In some embodiments, the compounds of the invention are compounds of Formula (B):

S O.__(CHp)p-X
~
N

0 (B), or a pharmaceutically acceptable salt, solvate
ester, amide, or prodrug thereof, wherein:
each R" and R? is independently -C1-Cs alkyl, -C2-Cs alkenyl, -C,-Cs alkynyl, phenyl, or benzyl;
or alternatively, R' and R? together with the carbon atom to which R" and R? are attached
form a Cs_C7 cycloalkyl group;
X is -CH20H, -COH, -COOCH;CONR*R?, -SO3H,

Qﬁ’ﬂﬂ@

o}
0 0 0 0 0 0
I Il I Il I I
O—lIJ-—ORG O——~1|9~—O—}|’—OR6 O—IT—O—IIJ‘—O—T—OR(’
OR® “‘4 OR®  OR® “‘4 OR®  OR® ORS -
0 AN S, S AN S
N N g
\ [ § E——
zﬂ{ 5’{ Sl/ \%N %O P—NH,
s S > (0] b 7 s
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R3 is -C1-Cs alkyl, -C2-Cs alkenyl, -C2-Cq alkynyl, phenyl, or benzyl;

each R* and R® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R® together
with the carbon atom to which R* and R® are attached form a heterocycle:

each R® and R is independently H, -C1-Cs alkyl, -C>-Cs alkenyl, or -C2_Cs alkynyl; and

nis0, 1,2, 3, or4.

[0106] In some embodiments, the compound of Formula (B) is a racemate or a mixture of

enantiomers. In some embodiments, the compounds of Formula (B) has an olefin isomer

configuration of (Z) or (E).

[0107] in some embodiments, the compounds of Formula (B) is a (Z)-isomer (or ¢is) and has

(CHa)n-X
R1 R2

the structure: ((Z)-B). In some embodiments, the
compounds of Formula (B) is a (Z)-isomer and is substantially free of its corresponding other

olefin configuration (i.e., (E}-isomer).

[0108] In some embodiments, the compounds of Formula (B) is an (E)-isomer (or frans) and

< (CHon X
O et

has the structure: ((E)-B). In some embodiments, the
compounds of Formula (B) is an (E)-isomer and is substantially free of its corresponding other
olefin configuration (i.e., (Z)-isomer).

[0109] In some embodiments of compounds of Formula (B), each R’ and R? is independently -
C1-Cs alkyl. In some embodiments, each R and R? is independently -C1_C; alkyl. In some

embodiments, each R' and R? is independently methyl.
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[0110] In some embodiments of compounds of Formula (B), X is -CH20H, -COH, or -
COOCH,CONR*R®. In some embodiments, X is -CH2OH.

[0111] In some embodiments of compounds of Formula (B), R® is -C1-Cs alkyl. In some
embodiments, R is methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, or t-butyl.

[0112] In some embodiments of compounds of Formula (B), nis 0, 1, 2, or 3. In some

embodiments, nis 0, 1, or 2. In some embodiments, nis 0 or 1.

5.2.21. Compound Il
[0113] In some embodiments, the compound of the invention is Compound Il having the

/3%@7<\OH

solvate, ester, amide, or prodrug thereof.

structure: (1), or a pharmaceutically acceptable salt,

[0114] In some embodiments, Compound Il has an clefin isomer configuration of (Z) or (E).

[0115] In some embodiments, Compound Il is a (Z)-isomer (or c¢is) and has the structure:

ae
O O OX\OH
S ((Z2)-1). In some embodiments, Compound Il is a (Z)-isomer

and is substantially free of its corresponding other olefin configuration (i.e., (E)-isomer).

[0116] In some embodiments, Compound Il is an (E)-isomer (or trans) and has the structure:
S 0]
- OH
POV STN
0

isomer and is substantially free of its corresponding other olefin configuration (i.e., (Z)-isomer).

((E)-IH). In some embodiments, Compound Il is an (E)-

5.2.3. Compounds of Formula {C)

[0117] In some embodiments, the compounds of the invention are compounds of Formula (C):

4

R3 R RG
VN AR I

YT JZ G (CHa—R
] ) < / 7
\ R5 B R
(©)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
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R' is phenyl, naphthyl, pyridyl, thienyl, furyl, quinolyl or benzothienyl, any of which is
unsubstituted or substituted with C1.s alkyl, C1.s haloalkyl, C1.s alkoxy, C1shaloalkoxy, Czs
alkenyl, Cos alkynyl, halogen, C2.7 acyl, benzoyl, hydroxyl, nitro, amino, phenyl or pyridyl;

R? is C, alkyl, C1.g haloalkyl, C2 alkenyl, Czs alkynyl, 3-7 membered cycloalkyl, C1s alkyl
substituted with a 3-7 membered cycloalkyl, or Ci.6 alkyl substituted with phenyl, naphthyl or
pyridyl, any of which is unsubstituted or substituted with C1.¢ alkyl, C1.s haloalkyl, Cis
alkoxy, C1s haloalkoxy, Cz.s alkenyl, C2s alkynyl, halogen, C.7 acyl, benzoyl, hydroxyl, nitro,
amino, phenyl or pyridyl;

A is oxygen, sulfur or NR® in which R? is hydrogen or C1.s alkyl;

X is a C1.s alkylene chain which is unsubstituted or substituted with C1.g alkyl, C1.s alkoxy or
hydroxyl, and which has 0 or 1 double bonds;

Y is C(=0), C(=N-OR!), CH(OR"), CH=CH, C=C, or C(=CHz) in which each of R™®and R'" is
hydrogen or Ci.s alkyl,

each of R%, R* and RS is independently hydrogen, C1.s alkyl, C1s haloalkyl, C1. alkoxy, C1s
haloalkoxy, Czs alkenyl, Cz.s alkynyl, halogen, C..7 acyl, benzoyl, hydroxyl, nitro, amino,
phenyl, or pyridyl; optionally wherein at least one of R3, R?% and R® is not hydrogen;

B is CH or nitrogen;
Z is oxygen or sulfur;
each of R and R is independently hydrogen, Ci.s alkyl, or C1. haloalkyl;

RX is CH20OH, COH, COOCH,CONR*‘R*®, SO3H,
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each R** and R® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*

together with the carbon atom to which R** and R*® are attached form a heterocycie;
each R*® and R is independently H, C-s alkyl, C.-s alkenyl, or Co alkynyl; and
nis0,1,2, 3, or4.

[0118] In the Formula (C), examples of the alkyl groups having 1-8 carbon atoms include

methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl and pentyl.

[0119] Examples of the alkyl groups having 1-8 carbon atoms and a halogen substituent
include methyl, ethyl, propyl, isopropyl, butyl, and t-butyl which are substituted with 1-3
halogens such as fluorine, chiorine, and bromine. Examples include trifluoromethyl,
chloromethyl, 2-chloroethyl, 2-bromoethyl and 2-fluoroethyl.

[0120] Examples of the alkoxy groups having 1-8 carbon atoms include methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, t-butoxy and pentyloxy.

[0121] Examples of the alkoxy groups having 1-8 carbon atoms and a halogen substituent
include methoxy, ethoxy, propoxy, isopropoxy, butoxy and t-butoxy groups substituted with 1-3
halogen atoms such as fluorine atom, chlorine atom or bromine atom. Trifluoromethoxy,
chloromethoxy, 2-chioroethoxy, 2-bromaoethoxy and 2-fluoroethoxy are included.

[0122] Examples of the alkenyl groups having 2-8 carbon atoms include vinyl and allyl.
{0123] Examples of the alkynyl groups having 2-8 carbon atoms include propargyl.
[0124] Examples of 3-7 membered cycloalkyl groups include cyclohexyl and cyclopentyl.

[0125] Examples of the alkyl groups having 1-8 carbon atoms and a 3-7 membered cycloalkyl
substituent include cyclohexylmethyl and cyclopentylmethyl.

[0126] The compound of the Formula (C) can be present in the form of geometrical isomers

such as cis and trans and optical isomers. These isomers are included in the compounds
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provided. Further, the compounds provided can be in the form of pharmaceutically acceptable

salts, such as alkali metal salts, e.g., sodium or potassium salt.

[0127] In some embodiments, RX is CH,OH, COH, or COOCH2CONR*R®. In other
embodiments, R* is CH2OH.

[0128] In some embodiments, the compound of Formula (C)is

)T o
CF3~®/<8
o k4
P O on
CF3/®’4<S \
OH ,
h "
CF3‘4®/‘<S \ \
&H ,

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

OH

[0129] In some embodiments, the compound of Fermula (C) is a compound shown in Table 1

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

[ Table 1

Structure Name

1-(4-(2-hydroxyethoxy)-3-
W \ O ~ou methylphenyl)-3-(4-isopropyl-
2-(4-
- ¢ s I (trifluoromethyl)phenyl)thiazol-

5-yl)propan-1-one

1-(4-((1-hydroxy-2-
] N OX\OH methylpropan-2-yl)qu)—3—
_ @/{ \ gu(e‘tthylphenyl)—3—(4—|sopropy|-
S (4
F 3 (trifluoromethyl)phenyl)thiazol-

5-yl)propan-1-one

30




WO 2022/189856

PCT/1B2022/000106

Table 1

Structure

Name

OH
O/\/

- | 3-(2-(2,4-dichlorophenyl)-5-

isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-one

3-(2-(4-chloro-2-
hydroxyphenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-one

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yhoxy)-3-
methylphenyl)propan-1-one

1-(3-allyl-4-(2-
hydroxyethoxy)phenyl)-3-(2-
(2,4-dichloropheny!)-5-
isopropyloxazol-4-yl)propan-
1-one

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl}-1-(4-((2-
hydroxyethyl)thio)-3-
methylphenyl)propan-1-one

3-(2-(4-chloro-2-
hydroxyphenyl)-5-
isopropyloxazol-4-y!)-1-(4-((1-
hydroxy-2-methylpropan-2-
yloxy)-3-
methylphenyl)propan-1-one

2-(4~(3-(2<(2,4-
dichlorophenyl)-5-
isopropyloxazol-4-yl)prop-1-
en-1-yl)-2-
methylphenoxy)ethan-1-ol

2~(4-(3-(4-isopropyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)prop-1-en-1-yl)-2-
methylphenoxy)ethan-1-ol

3~(4-hexyl-2-(4-
(trifluoromethyl)phenyi)thiazol-
5-yl)-1-(4-(2-hydroxyethoxy)-
3-methylphenyl)propan-1-one
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Table 1

Structure

Name

3-(4-hexyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)-1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)propan-1-one

2-(4-(3-(4-isopropyl-2-(4-
(trifluoromethyl)phenylthiazol-
5-yl)prop-1-en-1-yl)-2-
methylphenoxy)-2-
methylpropan-1-ol

1-(4-(2-hydroxyethoxy)-2-
methylphenyl)-3-(4-isopropyi-
2-(4-

(trifluoromethyl)pheny!)thiazol-
5-yl)propan-1-one

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-2-
methylphenyl)propan-1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-2-
methylphenyl!)-3-(4-isopropyl-
2-(4-

(trifluoromethyl)phenyt)thiazol-
5-yl)propan-1-one

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
ylhoxy)-2-
methylphenyl)propan-1-one

1-(4-(2-hydroxyethoxy)-3-
propylphenyi)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one

1-(3-allyl-4-(2-
hydroxyethoxy)phenyl)-3-(4-
isopropyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one

2-(4-(4-(2-(2,4-
dichlorophenyl)-5-
isopropyloxazol-4-yl)but-1-en-
2-yl)-2-methylphenoxy)ethan-
1-ol
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Table 1

Structure

Name

Ci

Ci

o
X\OH

2-(4-(4-(2+2,4-
dichlorophenyl)-5-
isopropyloxazol-4-yl)but-1-en-
2-yl)-2-methylphenoxy)-2-
methylpropan-1-ol

Cl

Ci

O\/\OH

3~(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)-2-
methylpropan-1-one

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yhoxy)-3-methyiphenyl)-2-
methylpropan-1-one

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)prop-2-en-1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-
(triflucromethyl)phenyljthiazol-
5-yl)prop-2-en-1-one

1-(4-(3-hydroxypropoxy)-3-
methylphenyl)-3-(4-isopropyi-
2-(4-methoxyphenyl)thiazol-5-
yl)propan-1-one

3-(2-(3,5-diflucrophenyl)-4-
isopropylthiazol-5-y1)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-one
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Table 1

Structure

Name

\
O OO

3-(2-(3,5-difluorophenyl)-4-
isopropylthiazol-5-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yloxy)-3-
methylphenyl)propan-1-one

OH
OIOH

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(naphthalen-2-yl)thiazol-5-
yl)propan-1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(naphthalen-2-yl)thiazol-5-
yl)propan-1-one

3-(2-(4-butylphenyl}-4-
isopropylthiazol-5-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-one

3-~(2-(4-butylphenyl)-4-
isopropylthiazol-5-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yl)oxy)-3-
methylphenyl)propan-1-one

1~(3-chloro-4-(2-

o hydroxyethoxy)phenyl)-3-(4-
. /N ~"oH | isopropyl-2-(4-
\ (triflucromethyl)phenyl)thiazol-
F S Cl 5-yl)propan-1-one
F
0]
1~(3-chloro-4-((1-hydroxy-2-
o) methylpropan-2-
;/@/2 \ X\OH yloxy)phenyl)-3-(4-isopropyl-
2-(4-
F S Cl (trifluoromethyl)phenyl)thiazol-
F o) 5-yl)propan-1-one
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Table 1

Structure

[ Name

1-(3-chloro-4-(2-
hydroxyethoxy)phenyl)-3-(2-
(2,4-dichiorophenyl)-5-
isopropyloxazol-4-yl)propan-
1-one

| 1-(3-chloro-4-((1-hydroxy-2-
methylpropan-2-
ylyoxy)phenyl)-3<(2-(2,4-
dichlorophenyl)-5-
isopropyloxazol-4-yl)propan-
1-one

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(5-isopropyl-
2-(4-
(trifluoromethyli)phenyl)thiazol-
4-yl)propan-1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyi)-3-(5-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
4-yhpropan-1-one

3-(2-(2,4-dichlorophenyl)-&-
isopropyithiazol-4-yl}-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-one

3-(2-(2,4-dichlorophenyl)-5-
isopropylthiazol-4-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yhoxy)-3-
methylphenyl)propan-1-one

1-(3-(2-hydroxyethoxy)-4~
methylpheny!)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one

1~(3~((1-hydroxy-2-
methylpropan-2-yl)oxy)-4-
methylphenyt)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one
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Table 1
Structure Name
1-(4-((1-hydroxypropan-2-
N 0 yl)oxy)-3-methylphenyl)-3-(4-
. - Y\OH isopropyl-2-(4-
E S (trifluoromethyl)phenyl)thiazol-
F 5-yl)propan-1-one
o]
fe) {4-(2- -3-
. N o 1-(4-(2-hydroxyethoxy)-3
%/@% \ methylphenyl)-3-(4-methyl-2-
E (4-
¢ § (trifluoromethyl)phenyljthiazol-
0 5-yl)propan-1-one

2-(4-(3-(4-hexyl-2(4-
(trifluoromethy!)phenyl)thiazol-
5-yl)prop-1-en-1-yl)-2-
methylphenoxy)-2-
methylpropan-1-ol

3-(4-hexyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-y1)-1-(3-((1-hydroxy-2-
methylpropan-2-yl)oxy)-4-
methylphenyl)propan-1-one

3-(4-ethyl-2-(4-
(triflucromethyl)phenyl)thiazol-
5-yl)-1-(4-(2-hydroxyethoxy)-
3-methylphenyl)propan-1-one

3-(4-ethyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-y1)-1-(4~((1-hydroxy-2-
methylpropan-2-yljoxy)-3-
methylphenyl)propan-1-one

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(p-tolyl)thiazol-5-yl)propan-
1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(4-isopropy!-
2-(p-tolyl)thiazol-5-yl)propan-
1-one
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Table 1
Structure Name
0 2_((3-(2-(2-(2 .4~
Ho™ AN digﬂ 2
N orophenyl)-5-

/ isopropyloxazol-4-yl)ethyl)-5-
methylbenzo[d]isoxazol-6-
yl)oxy)ethan-1-ol

g
O
Cl
Cl
0

1-(4-(2-hydroxyethyl)-3-
methylphenyl}-3-(4-isopropyl-
2-(4-

(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

(R)-1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-

(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

Cl /N /
Cl

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-ol

5-chloro-2-(4-(3-hydroxy-3-(4-
(2-hydroxyethoxy)-3-
methylphenyl)propyl)-5-
isopropyloxazol-2-yl)phenol

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yh)-1-(4-((1-
hydroxy-2-methylpropan-2-
yloxy)-3-
methylphenyl)propan-1-ol
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Table 1

Structure

Name

Cl

Ci \\

1-(3-allyl-4-(2-
hydroxyethoxy)phenyl)-3-(2-
(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)propan-
1-ol

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-((2-
hydroxyethyl)thio)-3-
methylphenyl)propan-1-ol

5-chloro-2-(4-(3-hydroxy-3-(4-
((1-hydroxy-2-methylpropan-
2-yl)oxy)-3-
methylphenyl)propyl)-5-
isopropyloxazol-2-yl)phenol

OH

3-(4-hexyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yi)-1-(4-(2-hydroxyethoxy)-
3-methylphenyi)propan-1-ol

HQ

3-(4-hexyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)-1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)propan-1-ol

OH

1-(4-(2-hydroxyethoxy)-2-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

OH

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-2-
methylphenyl)propan-1-ol

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-2-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol
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Table 1
Structure Name
OH 3-(2-(2,4-dichlorophenytl)-5-

isopropyloxazol-4-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yhoxy)-2-
methylphenyl)propan-1-ol

1-(4-(2-hydroxyethoxy)-3-
propylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one

OH

1-(3-allyl-4-(2-
hydroxyethoxy)phenyl)-3-(4-
isopropyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

o}
Cl ~N \/\OH

OH

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)-2-
methylpropan-1-ol

Ci

(0]
Ci S WOH
o]

OH

3-(2-(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-{(1-
hydroxy-2-methylpropan-2-
yl)oxy)-3-methylphenyl)-2-
methylpropan-1-ol

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)prop-2-en-1-ol

OH

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yprop-2-en-1-ol
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Table 1
Structure Name
OH 1-(4-(3-hydroxypropoxy)-3-

methylphenyl)-3-(4-isopropyl-
2-(4-methoxyphenyl)thiazol-5-
yl)propan-1-ol

R OH
oY,

3-(2-(3,5-difluorophenyl)-4-
isopropylthiazol-5-yl)-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-ol

3~(2-(3,5-difluorophenyl)-4-
isopropylthiazol-5-yl}-1-(4-((1-
hydroxy-2-methylpropan-2-
yhoxy)-3~
methylphenyl)propan-1-ol

OH

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(naphthalen-2-yl)thiazol-5-
yl)propan-1-ol

1-(4-((1-hydroxy-2-
methylpropan-2-yljoxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(naphthalen-2-yl)thiazol-5-
yl)propan-1-ol

T\
OH
99k
QH 3-(2-(4-butylphenyl)-4-
S isopropylthiazol-5-y1)-1-(4-(2-
( hydroxyethoxy)-3-
\N o _~_-OH methylphenyl)propan-1-ol
OH

3-(2-(4-butylphenyl)-4-
isopropylthiazol-5-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yhoxy)-3-
methylphenyl)propan-1-oi
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Structure

Name

o)
N \/\
F J \ OH
F s ol
F

1-(3-chloro-4-(2-
hydroxyethoxy)phenyl)-3-(4-
isopropyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

1-(3-chloro-4-((1-hydroxy-2-
methylpropan-2-
yhoxy)phenyl)-3-(4-isopropyi-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

1-(3-chloro-4-(2-
hydroxyethoxy)phenyl)-3-(2-
(2,4-dichlorophenyl)-5-
isopropyloxazol-4-yl)propan-
1-ol

1-(3-chloro-4-((1-hydroxy-2-
methylpropan-2-
yl)oxy)phenyl)-3-(2-(2,4-
dichlorophenyf)-5-
isopropyloxazol-4-yl)propan-
1-ol

OH
1-(4-(2-hydroxyethoxy)-3-
0 methylphenyl)-3-(5-isopropyl-
. S ~"oH |24
G (trifluoromethyl)phenyl)thiazol-
F N 4-yl)propan-1-ol
F
OH
1-(4-((1-hydroxy-2-
0 methylpropan-2-yl)oxy)-3-
. S X\OH methylphenyl)-3-(5-isopropyl-
N \ 2-(4-
F N (trifluoromethyl)pheny!)thiazol-
F OH 4-yl)propan-1-ol

3-(2-(2,4-dichlorophenyl)-5-
isopropylthiazol-4-yl}-1-(4-(2-
hydroxyethoxy)-3-
methylphenyl)propan-1-ol

OH

3-(2-(2,4-dichlorophenyl)-5-
isopropylthiazol-4-yl)-1-(4-((1-
hydroxy-2-methylpropan-2-
yh)oxy)-3-
methylphenyl)propan-1-ol
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Table 1

Structure

Name

1-(3-(2-hydroxyethoxy)-4-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenylithiazol-
5-yl)propan-1-ol

1-(3-((1-hydroxy-2-
methylpropan-2-yljoxy)-4-
methylphenyl)-3-(4-isopropyl-
2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yDpropan-1-ol

1-(4-((1-hydroxypropan-2-
yhoxy)-3-methylphenyl)-3-(4-
isopropyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-methyl-2-
(4-

(trifluoromethyl)phenyl)thiazol-
5-yDpropan-1-one

3-(4-hexyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-y1)-1-(3~((1-hydroxy-2-
methylpropan-2-yl)oxy)-4-
methylphenyl)propan-1-ol

3-(4-ethyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)-1-(4-(2-hydroxyethoxy)-
3-methylphenyl)propan-1-ol

OH

3-(4-ethyl-2-(4-
(trifluoromethyl)phenylithiazol-
5-y1)-1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)propan-1-ol

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(4-isopropyi-
2-(p-tolyl)thiazol-5-yl)propan-
1-ol

OH

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(4-isopropyl-
2-(p-tolyl)thiazol-5-yl)propan-
1-ol
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Table 1
Structure Name
. OH 1-(4-(2-hydroxyethyl)-3-
. S methylphenyl)-3-(4-isopropyl-
7~ it
F N (trifluoromethyl)phenyl)thiazol-
OH 5-yl)propan-1-ol

5.2.4. Compounds of Formula (D)
[0130] In some embodiments, the compounds of the invention are compounds of Formula (D).

3

N- I R

R1 I} ‘
Z—C—(CHy)—RX

A x1 |

()

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R' and R2 independently is a hydrogen, a halogen, nitro, C1s alkyl, C1.s alkoxy, C1¢
haloalkyl having 1 to 3 halogens, C1.s haloalkoxy having 1 to 3 halogens, Czs alkenyl, Czs
alkynyl, 3-7 membered cycloalkyl, C1.s alkyl substituted with 3-7 membered cycloalkyl, Ce-10
aryl which is optionally substituted, arylalkyl group which has a Ce-10 aryl moiety and Ci.5
alkyl moiety, a heterocyclic group or a heterocyclic-alkyl group having a C+.s alkyl group;

each occurrence of R?, R* and R% is independently a hydrogen or C1.5 alkyl;
A is an oxygen atom, a sulfur atom, or NR3,

each of X', X2, and Z independently is C(=0), C(=0)NH, C(=N-OR*), CH(OR?), NH(C=0),
NHSO,, SO-,NH, CH=CH, C=C, or a bond; and

Y is Ci alkylene;
R* is CH20H, COH, COOCHCONR*R*5, SO:H,

0 o]
ﬁ ey
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Qﬁw fé ~ f( D Qéw
S SN S S
each R* and R*S is independently a|kyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R¥ is independently H, C1 alkyl, Ca-s alkenyl, or C2- alkynyl; and
nis0, 1,2, 3, or4.

[0131] Examples of the halogen atom for R' and R2 include fluorine, chlorine, and bromine.

[0132] Examples of alkyl groups having 1-8 carbon atoms for R', R?, R®, R* and R® include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, and pentyl.

[0133] Examples of alkoxy groups having 1-8 carbon atoms for R' and R? include methoxy,
ethoxy, propyloxy, isopropyloxy, butyloxy, isobutyloxy, t-butyloxy, and pentyloxy.

[0134] Examples of alkyl groups having 1-8 carbon atoms which has 1-3 halogen substituents
for R' and R2 include chloromethyl, fluoromethyl, bromomethyl, chloroethyl, 2-fluoroethyl, and
trifluoromethyl.

[0135] Examples of alkoxy groups having 1-8 carbon atoms which has 1-3 halogen
substituents for R' and R? include chioromethoxy, fluoromethoxy, bromomethoxy, 2-

chloroethoxy, 2-fluoroethoxy, and trifluoroethoxy.

[0136] Examples of alkenyl groups having 2-8 carbon atoms for R" and R? inciude viny! or allyl.
The alkynyl group having 2-8 carbon atoms can be, for example, propargyl. The cycloalkyi
group having 3-7 carbon atoms can be, for example, cyclohexy! or cyclopentyl. The alkyl group
having a 3-7 membered cycloalkyl substituent can be, for example, cyclohexylmethyl or
cyclopentylmethyl.
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[0137] The ary! group for the aryl group optionally having a substituent for R' and R? can be, for
example, phenyl or naphthyl.

[0138] Examples of arylalky! groups optionally having a substituent include benzyl and
phenethyl.

[0139] Example of heterocyclic groups for the heterocyclic group optionally having a substituent
include a 5-7 membered cyclic group having ring-forming 1-4 hetero atoms such as nitrogen,
oxygen and sulfur. For instance, pyridyl, thienyl and furyl can be included. Further, a benzene

ring condensed with the heterocyclic group such as quinolyl or benzothienyl can be included.

[0140] Examples of heterocyclic groups for the heterocyclic ring-alkyl group (the alkyl moiety
has 1-8 carbon atoms) optionally having a substituent can be the same as that described
hereinbefore for the heterocyclic group optionally having a substituent. The alkyl group
preferably has 1-3 carbon atoms.

[0141] The substituent for the substituents of the aryl group optionally having a substituent, the
arylalkyl group (the aryl moiety has 6-10 carbon atoms, and the alkyl moiety has 1-8 carbon
atoms) optionally having a substituent, the heterocyclic group optionally having a substituent,
and a heterocyclic ring-alkyl group (the alkyl moiety has 1-8 carbon atoms) optionally having a
substituent can be a halogen atom such as chlorine, bromine, or fluorine, nitro, hydroxyl, amino,
an alkyl amino group having 1-8 carbon atoms such as methylamino, or ethylamino, a
dialkylamino group having 2-10 carbon atoms such as dimethylamino, an alkyi group having 1-
8 carbon atoms such as methyl, ethyl, propyl, isopropy!, or butyl, an alkoxy group having 1-8
carbon atoms such as methoxy, ethoxy, propoxy, isoprapoxy, or butoxy, an alkyl group having
1-8 carbon atoms which has 1-3 halogen substituents such as chloromethyl, fluoromethyi,
bromomethyl, 2-chloroethyl, 2-fluorcethyl, or trifluoromethyl, an alkoxy group having 1-8 carbon
atoms which has 1-3 halogen substituents such as chloromethoxy, fluoromethoxy,
bromomethoxy, 2-chloroethoxy, 2-flucrcethoxy, or trifluoromethoxy, an alkyenyl group having 2-
8 carbon atoms such as viny! or allyl, an alkynyl group having 2-8 carbon atoms such as
propargyl, a cycloalkyl group having 3-7 carbon atoms such as cyclohexyl or cyclopentyl, an
alkyl group having a cycloalkyl group of 3-7 carbon atoms such as cyclohexylmethyl or
cyclopentylmethyl, phenyl, or pyridyl.

[0142] In some embodiments, the compound of Formula (D) is a compound shown in Table 2

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.
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Table 2

Structure Name

3-(2-(2,4-dichlorophenyl)-5-

o isopropyloxazol-4-yi)-1-(4-
0 7<\OH ((1-hydroxy-2-methylpropan-
cl A\ \ 2-yhoxy)phenyl)propan-1-one
N

3-(2-(2,4-dichlorophenyl)-5-

Cl o isopropyloxazol-4-yl)-1-(4-
0O OH| ((1-hydroxy-2-methylpropan-
\ 2-yhoxy)phenyl)propan-1-ol
cl N

OH
1-(4-((1-hydroxy-2-
o methylpropan-2-
E /N 7<\OH yhoxy)phenyl)-3-(4-isopropyl-
| 2-(4-
F%/®—/<S (trifluoromethyl)phenyl)thiazol
F -5-yl)propan-1-one
O
1-(4~((1-hydroxy-2-
o) methylpropan-2-
E /N \ X\OH yloxy)phenyl)-3-(4-isopropyl-
S e e
F S (trifluoromethyl)phenyl)thiazol
F oH -5-yl)propan-1-ol

5.2.5. Compounds of Formula (E)
[0143] In some embodiments, the compounds of the invention are compounds of Formula (E):

X (CHZ)n_RX
__l_

\ 7 i -

(E)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R' and R'2 independently is hydrogen, halogen, nitro, hydroxyl, amino, C+. alkyl, an
C1.s alkoxy, C1.s haloalkyl group having 1 to 3 halogens, C+.s haloalkoxy group having 1o 3
halogens, Cz.s alkenyl, C,5 alkynyl, a 3-7 membered cycloalkyl, C1 alkyl having a 3-7
membered cycloalkyl substituent, or phenyl, naphthyl, benzyl, phenethyl, pyridyl, thienyl,
furyl, quinolyl, or benzothienyl group which optionally has a substituent which is a halogen
atom, nitro, hydroxyl, amino, Ci.s alkyl, C+.s alkoxy, C1.s haloalkyl having 1 to 3 halogens, Ci-
s haloalkoxy having 1 to 3 halogens, Cz.s alkenyl, C2 alkynyl, 3-7 membered cycloalky!
group, C1.s alkyl group having a 3-7 membered cycloalkyl substituent, phenyl or pyridyl;
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each of X' and Z" independently is C(=0), C(=O)NH, C(=N-OR™), CH(OR'®), NH(C=0),
NHSO,, SONH, CH=CH, C=C, or a bond, wherein each of R' and R is a hydrogen or C.
s alkyl;

Y'is C1s alkylene;

R*is CH20H, COH, COOCH,CONRXR*3, SOzH,

' ’ i ) ’

o} O t
[ X6 I I [ R |
0—P—OR O—P—O0—P—OR®  O—H—O0—RH—0—H—OR

% ('3 RXG ) —»‘14 ORX6 (i)RXG , ﬂ“é é RXG éRXG 0 RXG
0.

5. S
a{N I,{N ’H]/ \C\§ %—O—P—NHZ §—-|ID]~—NH2 E‘S—NHz
, s ' ! IOR)G I X7 ” ,
““l\\l\ " OH OH i OH i
_N Jo\ / / A\ | >
N \(4 - N /N l I
mlw O/ O (0] O

it

each R* and R¥® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

, or o

together with the carbon atom to which R*“ and R*® are attached form a heterocycle;
each R*® and R*’ is independently H, Cs alkyl, Cz— alkenyl, or Co_s alkynyl; and
nis0,1, 2, 3, or4.

[0144] In some embodiments, the halogen atom, alkoxy groups having 1-8 carbon atoms, alky!
group having 1-8 carbon atoms which has 1-3 halogen substituents, atkoxy group having 1-8
carbon atoms which has 1-3 halogen substituents, alkenyl group having 2-8 carbon atoms,
alkynyl group having 2-8 carbon atoms, cycloalkyl group having 3-7 carbon atoms, alkyl group
having 1-8 carbon atoms which has a cycloalky! group of 3-7 carbon atoms for R'" and R'? can
be those described for the halogen atom, alkoxy group, alkyl group having 1-8 carbon atoms
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which has a halogen substituent, alkoxy group having 1-8 carbon atoms which has a halogen
substituent, alkenyl, alkynyl, cycloalkyl group, and alkyl group having 1-8 carbon atoms which
has a cycloalkyl group of 3-7 carbon atoms for R! and R? of Formula (D).

[0145] In some embodiments, the alkyl group having 1-8 carbon atoms for R'!, R, R'*, and
R'® can be an alkyl group described for R', R?, R%, R* and R° of Formula (D).

[0146] In the case that R'! or R'2 is phenyl, naphthyl, benzyl, phenethyl, pyridyl, thienyl, furyl,
quinolyl, or benzothienyl, these rings can in some embodiments have such substituents a
halogen atom such as chlorine, bromine, or fluorine, nitro, hydroxyl, amino, an alkyl amino
group having 1-8 carbon atoms such as methylamino, or ethylamino, a dialkylamino group
having 2-10 carbon atoms such as dimethylamino, an alkyl group having 1-8 carbon atoms
such as methyl, ethyl, propyl, isopropyl, or butyl, an alkoxy group having 1-8 carbon atoms such
as methoxy, ethoxy, propoxy, isopropoxy, or butoxy, an alkyl group having 1-8 carbon atoms
which has 1-3 halogen substituents such as chloromethyl, fluoromethyl, bromomethyl, 2-
chloroethyl, 2-fluoroethyl, or trifluoromethyl, an alkoxy group having 1-8 carbon atoms which
has 1-3 halogen substituents such as chloromethoxy, fluoromethoxy, bromomethoxy, 2-
chloroethoxy, 2-fluoroethoxy, or trifluoromethoxy, an alkyenyl group having 2-8 carbon atoms
such as vinyl or allyl, an alkynyl group having 2-8 carbon atoms such as propargyl, a cycloalkyl
group having 3-7 carbon atoms such as cyclohexyl or cyclopentyl, an alkyl group having a
cycloalkyl group of 3-7 carbon atoms such as cyclohexylmethyl or cyclopentylmethyl, phenyl, or

pyridyl.

[0147] The compound provided can be a stereoisomer such as cis or trans, or an optical

isomer. These isomers are included in the invention.

[0148] The compound provided includes a pharmaceutically acceptable salt such as an alkali
metal salt, e.g., sodium salt or potassium salt. Further, the compounds provided can be in the
form of pharmaceutically acceptable salts such as alkali metal salts, e.g., sodium salt and

potassium salt.

[0149] In some embodiments, the compound of Formula (E) is a compound shown in Table 3

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

Table 3

Structure Name
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Table 3

Structure Name

4-(2-(2-chlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4~(2-
O ') hydroxyethyl)phenyl)butan-
\ 1-one
N\
N
Cl
OH

4-(2-(2-chlorophenyl)-5-
isopropyloxazol-4-yl)-1-(4-(2-

0 OH hydroxyethyl)phenyl)butan-
1-ol

(]

St
Cl
OH

5.2.6. Compounds of Formula (F)
[0150] In some embodiments, the compounds of the invention are compounds of Formula (F):

R2 R
N-| ==\ _Rx
RN o v \ 7 (CH2)—R
A B\B2
(F)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
Ais O, S or NR” in which R7 is hydrogen or Ci alkyl;

B' is CW or N in which W is hydrogen or a bond; B2 is O, S or NR? in which RE is hydrogen or
Ci alkyl;

each of X' and X?is O, S, NH, NHC(=0), C(=0), C(=N-OR?), CH(OR'™), C=C, C=C or a bond,
wherein each of R? and R is hydrogen or Ci.s alkyl;

Y is C+.5 alkylene, which is unsubstituted or substituted with C+.s alkyl or C1.s haloalkyl having
1-3 halogens;
ZisNH, OorS;

R'is aryl, which is unsubstituted or substituted with C1. alkyl, C1.s alkoxy, Ci.¢ haloalkyl having
1-3 halogens, hydroxyl, nitro, amino, phenyl, pyridyl or halogen, or a heterocyclic group
having a five to eight membered ring comprising one to three hetero atoms each of which is
independently nitrogen, oxygen or sulfur and the other atoms are carbon, optionally wherein

a benzene ring is condensed with the heterocyclic ring;
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R?is Cas alkyl, C1. haloalkyl having with 1-3 halogens, Cs.7 cycloalkyl, C2 alkenyl, Cz.s alkynyl,
Ci.4 alkyl substituted with aryl, which is unsubstituted or substituted with C.s alkyl, C1s
alkoxy, C1.g haloalkyl having 1-3 halogens, hydroxyl, nitro, amino, phenyl, pyridyl or
halogen, or C1.4 alkyl substituted with a heterocyclic group having five to eight membered
ring having one to three heteroatoms each of which is independently nitrogen, oxygen or

sulfur;
R® is halogen, trifluoromethyl, C1.s alkyl, C2.s alkenyl or Cz5 alkynyl;
each of R* and R® is hydrogen, C1.s alkyl or C1.¢ haloalkyl having 1-3 halogens;
each of Z and R® is attached to the benzene ring, and X2 is not attached to the benzene ring;

RXis CH,OH, COH, COOCH,CONRX*RXS, SO;H,

0 (0]
(o]

/N_RI\ N—N on or I OH
— OH
N \ ‘
<N/ [ /\N /N / \ |
N /N /N 0
u , H | O ,

o S o S
A A Ae A
N\<N¥ N ~ ~( ~ NKN%
r o r S, ( S Lor r o
each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and RX is independently H, C1_s alkyl, Co—s alkenyl, or C-¢ alkynyl; and
nis0, 1,2 3,or4.
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[0151] In the Formula (F), R?, R%, R%, R®, R, R%, R®, R0, the substituent of the alkylene chain of
Y, the substituent of the aryl and the heterocyclic group of R, the substituent of the alkyl group
substituted with aryl of R2, and the substituent of the alkyl group substituted with a heterocyclic
group of R? can in some embodiments be an alkyl group having 1-8 carbon atoms. Examples of

the alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl and hexyl.

[0152] In some embodiments, R? can be an alkyl group having 2-8 carbon atoms. Examples of
the alkyl groups include ethyl, propyl, iso-propyl, butyl, isobutyl, t-butyl, pentyl and hexyl.

[0153] In some embodiments, R?, R*, RS, the substituent of the alkylene chain of Y, the
substituent of the aryl or heterocyclic group of R', the substituent of the alkyl group substituted
with aryl of R2, and the substituent of the alkyl group substituted with a heterocyclic group of R?
can be an alkyl groups having 1-8 carbon atoms substituted with 1-3 halogens. Examples of the
haloalkyl groups include methyl. ethyl, propyl, isopropyl, butyl, and t-butyl which are substituted
with 1-3 halogens such as fluorine, chlorine, and bromine. In some embodiments, the group is
trifluoromethy!, chloromethyl, 2-chloroethyl, 2-bromoethyl or 2-fluoroethyl.

[0154] In some embodiments, R? and R® can be an alkenyl group having 2-8 carbon atoms.
Examples of the alkenyl groups include vinyl and allyl. R2 and R® can be an alkynyl group
having 2-8 carbon atoms. Examples of the alkynyl groups include propargyl.

[0155] In some embodiments, R® can be a halogen atom. Examples of the halogen atoms

include fluorine, chlorine and bromine.

[0156] In some embodiments, R? can be a cycloalkyl group having 3-7 carbon atoms.

Examples of the cycloalkyl groups include cyclopropyl, cyclopentyl and cyclohexyl.

[0157] In some embodiments, the substituent of the aryl or heterocyclic group of R, the
substituent of the alkyl group substituted with aryl of R?, and the substituent of the alkyl group
substituted with a heterocyclic group of R? can be an alkoxy groups having 1-8 carbon atoms.
Examples of the alkoxy groups include methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy, t-butoxy, pentyloxy and hexyloxy.

[0158] In some embodiments, R' and the aryl moiety of the aryl substituted with alkyl of R? can
be an ary! group. Examples of the aryl groups include pheny! and naphthyl. R' and the
substituent of the alkyl group of R? can be a heterocyclic group having five to eight membered
ring. Examples of the heterocyclic groups include pyridyl, thienyl, furyl, thiazolyl and quinolyl.

[0159] In some embodiments, R can be a heterocyclic group having five to eight membered
ring comprising one to three hetero atoms selected from the group consisting of nitrogen,
oxygen and sulfur and the other atoms consisting of carbon. A benzene ring can be condensed
with the heterocyclic ring. Examples of the condensed rings include quinoline ring and

benzothiophene ring
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[0160] In some embodiments, Y can be an alkylene chain having 1 to 8 carbon atoms.

Examples of the alkylene chains include methylene and ethylene.

[0161] In some embodiments, R® can be one to three groups. In some embodiments, two or

three groups of R® can be different from each other.

[0162] In some embodiments, R6 can be an alkyl group having 1-8 carbon atoms substituted
with amino. Examples of the aminoalkyl groups include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, t-butyl, pentyl and hexyl which are substituted with an amino group such as piperidino,
pyrrolidino, dimethylamino, and diethylamino.

[0163] In some embodiments, the compounds of the Formula (F) can be in the form of
pharmaceutically acceptable salts such as alkali metal salts, e.g., sodium salt and potassium
salt.

[0164] In some embodiments, the compound of Formula (F) is a compound shown in Table 4

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

Table 4

Structure Name

2-((3-(2-(4-isopropyl-2-(4-

2-((3-(2-(4-isopropyl-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)ethyl)-5-

F
c S } Q methylbenzo[dlisoxazol-6-
N\ H yl)oxy)ethan-1-ol
F N OH

Q0
N (trifluoromethyl)pheny|)thiazol-
. s 5-yhethyl)-5-
Q methylbenzo[d]isoxazol-6-
F%—®—<\ ‘ % y1)oxy)-2-methylpropan-1-ol
F N OH
Nl/o

2((3-(2-(2(2,4

N-—C
| dichlorophenyl)-5-
N a isopropyloxazol-4-yl)ethyl)-5-
/ l methylbenzo[dlisoxazol-6-
cl \\\ yloxy)ethan-1-ol
© OH
Ci

5.2.7. Compounds of Formula (G), (H), and (J)
[0165] In some embodiments, the compounds of the invention are compounds of Formula (G):

R? — 7
1 N CHj)—RX
R\FY\/(CHz)q—-—A——B—CI)@ R
<\ /) ;Ls \ l/ RS R®
X R
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G)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R" and R*, which are the same or different, is a hydrogen, Ci.s alkyl, Cos alkenyl, Cos
alkynyl, C1.g alkoxy, halogen, C1 haloalkyl; C1.s haloalkoxy; hydroxyl, nitro, C2. acyl group,
Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R? is hydrogen:

R?is C1s alkyl, or R® is combined with R? to form =0 or =C(R7)(R?) in which each of R7 and R¢,
which are the same or different, is a hydrogen or Cy_s alkyl;

each of R® and R®, which are the same or different, is a hydrogen atom, Ci alkyl, C1s
haloalkyl;

X and Y are the same or different and each represents CH or N;
Z is oxygen or sulfur;

A is a 5-membered heterocyclic group which is pyrazole, thiophene, furan or pyrrole, wherein
the heterocyclic group is unsubstituted or substituted with C+.5 alkyl having a substituent
which is C+.5 alkyl, 3- to 7-membered cycloalkyl, Czs alkenyl, Co.s alkynyl, C1.s alkoxy, Crs
alkyl group substituted with a 3- to 7-membered cycloalky! group, C15 haloalkyl, Cis
haloalkoxy, Ce-1c aryl, 5- or 6-membered heterocyclic group, an aralkyl group having a Ce-1

aryl moiety and a C1 alkylene moiety, or 5- or 6-membered heterocyclic group;

B is a C.s alkylene chain which is unsubstituted or substituted with C1.s alkyl, 3- to 7-membered
cycloalkyl group, Cz¢ alkenyl, C2.5 alkynyl, C1.5 alkoxy, halogen, C1 haloalkyl or C1.¢
haloalkoxy, the alkylene group optionally having a double bond in the case that the alkylene
group has 2 to 6 carbon atoms;

qis0,1,2,3,4,0r5;

R* is CH20H, COH, COOCH;CONR**R*®, SO;H,
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4 N OH OH
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each R** and R*® is independently alkyl, aryl, or heteroaryl, or alternatively, R* and R*®

,or

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and R¥" is independently H, C1_6 alkyl, C2s alkenyl, or Cos alkynyl; and
nis0,1, 2, 3, or4.

[0166] In some embodiments, the compounds of the invention are compounds of Formula (H):

R“@ (CHa), (CHz)n—-—RX
T;C R14

R11__._
R13

(H)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R'" and R, which are the same or different, is a hydrogen, Ci.g alkyl, Cz.s alkenyl, Cz.
alkynyl, Ci.5 alkoxy, halogen, Cis haloalky!; Ci.s haloalkoxy; hydroxyl, nitro, C2.s acyl group,

Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R'2 is hydrogen, C1.s alkyl, a 3- to 7-membered cycloalkyl, Cz.5 alkenyl, Cz alkynyl, C1.5 alkoxy,
Cis alkyl having a 3- to 7-membered cycloalky! group substituent, Cis haloalkyl, C1.5
haloalkoxy, Cs-10 aryl, a 5- or 6-membered heterocyclic group, an aralkyl group having a Ce-
10 aryl moiety and a C1.s alkylene moiety, or a Ci. alkyl group having a 5- or 6-membered

heterocyclic substituent;
R'* and R are the same or different and each is a hydrogen atom, Ci.s alkyl, or C1s haloalkyl;
X'is CHorN;
Z'" is oxygen or sulfur;

W' is oxygen or CHz when bond a is present and OH when bond a is absent;
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qis 2, 3,or4
RX is CH,OH, COH, COOCH,CONR*R*®, SO3H,
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each R* and R* is independently alkyl, aryl, or heteroaryl; or alternatively, R and R*®

H

together with the carbon atom to which R* and R*® are attached form a heterocycle;
each R*® and RX is independently H, C1 alkyl, Co¢ alkenyl, or C2 alkynyl; and
nis0,1,2,3, or4.

[0167] In some embodiments, the compounds of the invention are compounds of Formula (J):

(C#)r—C (CHz)n——RX
21 | ' a \ j R24 R25

@x
)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R22 S
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each of R?' and R%, which are the same or different, is a hydrogen, C1 alkyl, Co5 alkenyl, Cos
alkynyl, C1 alkoxy, halogen, C15 haloalkyl; C.5 haloalkoxy; hydroxyl, nitro, C,- acyl group,
Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R? is hydrogen, C1 alkyl, a 3- to 7-membered cycloalkyl, Cx-s alkenyl, Ca alkynyl, 1 alkoxy,
C1.¢ alkyl having a 3- to 7-membered cycloalky! group substituent, Ci.s haloalkyl, C1.5
haloalkoxy, Ce-10 aryl, a 5- or 6-membered heterocyclic group, an aralkyl group having a Ce-
10 aryl moiety and a C.3 alkylene moiety, or a C1.s alkyl group having a 5- or 6-membered
heterocyclic substituent;

R?** and R? are the same or different and each is a hydrogen atom, C alkyl, or C1s haloalkyl;
X?is CH or N;

Z? is oxygen or sulfur;

W2 is oxygen or CHz when bond a is present and OH when bond a is absent;

ris 2, 3, or4.

RX is CH.OH, COH, COOCH;CONRXR*5, SO3H,
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each R and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R¥ is independently H, C1 alkyl, C2_s alkenyl, or Cos alkynyl, and
nis0,1,2, 3, or4.

[0168] Regarding the Formula (G), examples of the alkyl groups having 1 to 8 carbon atoms
which can be R!, R?, R4 R®, R8, R’, the substituent of the 5-membered heterocyclicgroup for A,
or the substituent of the alkylene chain having 2 to 6 carbon atoms for B include methyl, ethyl,
propyl, isopropyl, butyl, i-butyl, t-butyl, pentyl and hexyl.

[0169] Examples of the alkenyl groups having 2 to 8 carbon atoms which can be R', R?, the
substituent of the 5-membered heterocyclic group for A, or the substituent of the alkylene chain

having 2 to 6 carbon atoms for B include vinyl and allyl.

[0170] Examples of the alkynyl groups having 2 to 8 carbon atoms which can be R, R* the
substituent of the 5-membered heterocyclic group for A, or the substituent of the alkylene chain

having 2 to 6 carbon atoms for B include propargyl.

[0171] Examples of the 3- to 7-membered cycloalkyl groups which can be the substituent of the
5-membered heterocyclic group for A, or the substituent of the alkylene chain having 2 to 6

carbon atoms for B include cyclopropyl, cyclopentyl and cyclohexyl.

[0172] Examples of the alkoxy groups having 1 to 8 carbon atoms which can be R", R*, the
substituent of the 5-membered heterocyclic group for A, or the substituent of the alkylene chain
having 2 to 6 carbon atoms for B include methoxy, ethoxy, propoxy, isopropoxy, butoxy, i-
butoxy, t-butoxy, pentyloxy and hexyloxy.

[0173] Examples of the halogen atoms which can be R, R*, or the substituent of the alkylene
chain having 2 to 6 carbon atoms for B include fluorine, chlorine, and bromine.
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[0174] Examples of the alky! groups having 1 to 8 carbon atoms and a halogen atom
substituent which can be R', R%, R®, R¢, the substituent of the 5-membered heterocyclic group
for A, or the substituent of the alkylene chain having 2 to 6 carbon atoms for B include methyl,
ethyl, propyl, isopropyl, butyl and t-butyl which have substituents such as 1 to 3 fluorine,
chiorine or bromine atoms. In some embodiments, the alkyl group having 1 to 8 carbon atoms
and a halogen atom substituent is trifluoromethyl, chloromethyl, chloroethyl, 2-bromoethyl, or 2-
fluoroethyl.

[0175] Examples of the alkoxy groups having 1 o 8 carbon atoms and a halogen atom
substituent which can be R', R4, the substituent of the 5-membered heterocyclic group for A, or
the substituent of the alkylene chain having 2 to 6 carbon atoms for B include methoxy, ethoxy,
propoxy, isopropyloxy, butyloxy and t-butyloxy which have substituents such as 1 to 3 fluorine,
chlorine or bromine atoms. In some embodiments, the alkoxy group having 1 to 8 carbon atoms
and a halogen atom substituent is trifluoromethyloxy, chloromethyloxy, 2-chloroethyloxy, 2-

bromoethyloxy, or 2-fluoroethyloxy.

[0176] Examples of the acyl groups having 2 to 8 carbon atoms which can be R' or R?, include

acetyl and propionyl.

[0177] Examples of the aryl groups having 6 to 10 carbon atoms which can be R', R, or the

substituent of the 5-membered heterocyclic group for A, include phenyl.

[0178] Examples of the 5- or 6-membered heterocyclic groups which can be R', R?, or the
substituent of the 5-membered heterocyclic group for A, include pyridyl.

[0179] Examples of the alkyl groups having 1 to 8 carbon atoms and a 3- to 7-cycloalkyl group
substituent which can be the substituent of the 5-membered heterocyclic group for A, include
methyl, ethyl, propyl, isopropyl, butyl, i-butyl, t-butyl, pentyl and hexyl which have cyclopropyl,
cyclopentyl, or cyclophexyl substituent.

[0180] Examples of the aralkyl groups (which have an aryl moiety of 6 to 10 carbon atoms and
an alkylene moiety of 1 to 8 carbon atoms) which can be the substituent of the 5-membered

heterocyclic group for A, include benzyl and phenethyl.

[0181] Examples of the alkyl groups having 1 to 8 carbon atoms and a 5- or 6-membered
heterocyclic group which can be the substituent of the 5-membered heterocyclic group for A,
include methyl, ethyl, propyl, isopropyl, butyl, i-butyl, t-butyl, pentyl and hexyl which have a
pyridyl substituent.

[0182] Examples of the alkyl groups having 1 to 8 carbon atoms, alkenyl groups having 2 to 8
carbon atoms, alkynyl groups having 2 to 8 carbon atoms, alkoxy groups having 1 to 8 carbon
atoms, halogen atoms, alkyl groups having 1 to 8 carbon atoms and a halogen atom
substituent, alkoxy groups having 1 to 8 carbon atoms and a halogen atom substituent, acyl

groups having 2 to 8 carbon atoms, aryl groups having 6 to 10 carbon atoms, and 5- or 6-
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membered heterocyclic groups which can be R or R' of the Formula (H) or R?! or R of the

Formula (J) are those described hereinabove for R' and R* of the Formula (G).

[0183] Examples of the alkyl groups having 1 to 8 carbon atoms, 3- to 7-membered cycloalkyl
groups, alkenyl groups having 2 to 8 carbon atoms, alkynyl groups having 2 to 8 carbon atoms,
alkoxy groups having 1 to 8 carbon atoms, alkyl groups having 1 to 8 carbon atoms and a 3- to
7-membered cycloalkyl group substituent, alkyl groups having 1 to 8 carbon atoms and a
halogen atom substituent, alkoxy groups having 1 to 8 carbon atoms and a halogen atom
substituent, aryl groups having 6 to 10 carbon atoms, 5- or 6-membered heterocyclic groups,
aralkyl groups having an aryl moiety of 6 to 10 carbon atoms and an alkylene moiety of 1 t0 8
carbon atoms, and alkyl groups having 1 to 8 carbon atoms and a 5- or 6-membered
heterocyclic substituent which can be R of the Formula (H) or R? of the formula (J) include
those described hereinabove for the substituent of the 5-membered heterocyclic group for A of
the Formula (G).

[0184] Examples of the alkyl groups having 1 to 8 carbon atoms and alkyl groups having 1 to 8
carbon atoms and a halogen atom substituent which can be R'* or R'S of the Formula (H) or R%

or R% of the Formula (J) include those described hereinabove for R® and R® of the Formula (G).

[0185] R in the Formula (G), R in the formula (H), and R?' in the formula (J) can be attached
to the benzene ring or the like in a single or plural number (1 to 3). If each of R!, R and R*' is

present in a plural number, the plural groups can be the same or different.

[0186] R* in the Formula (G), R* in the Formula (H), and R% in the Formula (J) can be
attached to the benzene ring or the like in a single or plural number (1 to 3). If each of R* R™

and R% is present in a plural number, the plural groups can be the same or different.

[0187] The substituent group of the 5-membered heterocyclic group for A in the Formula (G),
R'2 in the formula (H), and R? in the Formula (J) can be attached to the heterocyclic ring in a
single or plural number (1 or 2). If each of the substituent group of the 5-membered heterocyclic
group for A, R'? and R?? is present in plural number, the plural groups can be the same or
different.

[0188] The compounds of the Formulas (G), (H) and (J) can be pharmacologically acceptable

salts such as alkali metal salts, for example, sodium salts, potassium salts, or lithium salts.

[0189] The compounds of the Formulas (G), (H) and (J) can be present in the optically active
forms, and in the form of optical isomers such as compounds of a racemic form or geometric

isomers such as compounds of a cis- or trans form.

{0190] In some embodiments, the compound of Formula (G), (H), or (J) is a compound shown

in Table 5 or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.
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Table 5

Structure

Name

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylpheny!)-3-(1-isopropy!-
3-(4-(trifluoromethyl)phenyl)-
1H-pyrazol-5-yl)propan-1-one

1-(4~((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(3-isopropyl-
5-(4-
(trifluoromethyl)phenyl)thiophe
n-2-yl)propan-1-one

1-(4~(2-hydroxyethoxy)-3-
methylphenyl)-3-(3-isopropyl-
5-(4-
(trifluoromethyl)phenyl)thiophe
n-2-yl)propan-1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(1-isopropyl-
3-(4-(triflucromethyl)phenyl)-
1H-pyrazol-5-yl)propan-1-ol

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylphenyl)-3-(3-isopropyl-
5-(4-
(trifluoromethyl)phenyl)thiophe
n-2-yl)propan-1-ol

1-(4-(2-hydroxyethoxy)-3-
methylphenyl)-3-(3-isopropyl-
5-(4-
(trifluoromethyl)phenyl)thiophe
n-2-yl)propan-1-ol

5.2.8. Compounds of Formula (K)

[0191] In some embodiments, the compounds of the invention are compounds of Formula (K):
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R3
>
44 (CH2)p—RX
r R4 R5
(K)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
A is CH or nitrogen;

B, when bond a is present, is oxygen or C(R8)(R®) in which each of R® and R? is independently
hydrogen or Cys alkyl; B, when bond a is absent, is OH,;

W' is a bond, C(=0), or (C(R'°)(R""))m in which each of R™® and R'" is independently a
hydrogen or Ci.s alkyl group and mis 1, 2, or 3;

X and Y differ from each other, and each is an oxygen atom, a sulfur atom, a nitrogen atom, or

CR™2 in which R'?is a hydrogen or Ci. alkyl;

Z' is a bond, oxygen, sulfur, or C(R"™)(R") in which each of R'® and R'* is independently a
hydrogen or Cy.¢ alkyl;

each of R', R?, and R®, is independently a hydrogen, Ci.s alkyl, C2s alkenyl, Cos alkynyl, C1s
alkoxy, halogen, Ci.s haloalkyl; Ci.s haloalkoxy; hydroxyl, nitro, Ca.s acyl group, Ce-1¢ aryl, or
a 5- or 6-membered heterocyclic group;

each of R* and R?® is independently hydrogen, Ci.s alkyl, C1.s haloalkyl;

each of R® and R’ is independently hydrogen, Ci.s alkyl, C2.s alkenyl, Ca.s alkynyl, or Ci.s
haloalkyl

ris1,2, 3,4, or5;

RX is CH,OH, COH, COOCH2CONR**R*5, SOsH,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*

1

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R* and R is independently H, Ci_¢ alkyl, Co—s alkeny!, or Cz_s alkynyl; and
nis0,1,2, 3, or4.

[0192] In the Formula (K), examples of the alkyl groups having 1 to 8 carbon atoms for R, R?,
R3, R*%, R, R%, R, R R®, R, R', R'2, R"® and R include methyl, ethyl, propyl, isopropyl,
butyl, i-butyl, t-butyi, penty} and hexyl.

[0193] Examples of the alkenyl groups having 2 to 8 carbon atoms for R, R?, R®, R® and R”
include vinyl and allyl.

[0194] Examples of the alkynyl groups having 2 to 8 carbon atoms for R, R?, R?, R® and R’
include propargyl.

[0195] Examples of the alkoxy groups having 1 to 8 carbon atoms for R', R?, and R® include
methoxy, ethoxy, propoxy, isopropoxy, butoxy, i-butoxy, t-butoxy, pentyloxy and hexyloxy.
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[0196] Examples of the halogen atoms for R', R%, and R® include fluorine, chiorine, and

bromine.

[0197] Examples of the alkyl groups having 1 to 8 carbon atecms which are substituted with a
halogen atom for R', R?, R%, R* RS, R, and R include methyl, ethyl, propyl, isopropyl, butyl,
and t-butyl which are substituted with 1 to 3 halogen atoms such as fluorine, chiorine, and
bromine. In one embodiment, substituents are trifluoromethyl, chioromethyl, 2-chloroethyl, 2-
bromoethyl, or 2-flouroethyl.

[0198] Examples of the alkoxy groups having 1 to 8 carbon atoms which are substituted with a
halogen atom for R', R?, and R® include methoxy, ethoxy, propoxy, isopropoxy, butoxy, and t-
butoxy which are substituted with 1 to 3 halogen atoms such as fluorine, chlorine, or bromine.
In one embodiment, substituents are trittuoromethyloxy, chloromethyloxy, 2-chioroethyloxy, 2-

bromoethyloxy, or 2-flouroethyloxy.

[0199] Examples of the acyl groups having 2 to 8 carbon atoms for R7, R? and R? include acetyl
and propionyl.

[0200] Examples of the aryl groups having 6 to 10 carbon atoms for R', R? and R? include
phenyl.

[0201] Examples of the 5- or 6-membered heterocyclic groups for R', R? and R? include pyridyl.

[0202] R', R? and R? in the Formula (K) can be attached to the benzene ring or the like in

numbers of 1 to 3 in which the same or different groups can be attached to the same ring.

[0203] The compounds provided herein which are represented by the Formula (K) can be in the
form of a pharmacologically acceptable salts such as alkali metal salts, e.g., salts of sodium,
potassium and lithium.

[0204] The compounds provided herein can be in the optically active forms, and in the form of
optical isomers such as compounds of a racemic form or geometric isomers such as

compounds of a cis- or trans form.

[0205] In some embodiments, the compound of Formula (K) is a compound shown in Table 6

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.
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Table 6

Structure

Name

HO

1-(4-((1-hydroxy-2-
methylpropan-2-yljoxy)-3-
methylphenyl)-3-(4-((4-(4-
isopropylphenyl)piperazin-1-
yhmethyl)-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one

1-(4-((1-hydroxy-2-
methylpropan-2-yl)oxy)-3-
methylpheny!)-3-(4-((4-(4-
isopropylphenyl)piperazin-1-
yl)methyl)-2-(4-
(trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-ol

5.2.9. Compounds of Formula (L)
[0206] In some embodiments, the compounds of the invention are compounds of Formula (L):

N 22
@*R

)

R23

/{7_22

(L)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

(CH2)—RX

R24 "R2

B, when bond a is present, is oxygen; B, when bond a is absent, is OH;
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W2 is a bond, C(=0), ar CHj;
Z%is oxygen or sulfur;

each of R?', R%, and R® is independently a hydrogen, C1.s alkyl, C2.s alkenyl, Cz.s alkynyl, C1
alkoxy, halogen, C..s haloalkyi; C1 haloalkoxy; hydroxyl, nitro, Cz2s acyl group, Cs-10 aryl, or
a 5- or 6-membered heterocyclic group;

each of R and R% is independently hydrogen, Ci alkyl, Ci.s haloalkyl;
RX is CH,OH, COH, COOCH,CONRXRX5, SO3H,

O—ll‘fl‘—OF{X6 o—-p——o—g—oRX6 O—F|’—O——F|3—O-—l|°——0Rx6
“14 éRxe %4 ORX6 éRxs “‘«4 ORX6 (ORX6 QR*6

%V(* Mss v& %

N '/<N ‘/(N N
rr[é \f‘l(u\<S ~ (N\(S \f,or’/»gé\f

each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R

’ 3

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and RX’ is independently H, C1s alkyl, Co—s alkenyl, or Co¢ alkynyl; and
nis0,1,2 3, or4

[0207] In the Formula (L), the alkyl groups having 1 to 8 carbon atoms, alkenyl groups having 2
to 8 carbon atoms, alkyny! groups having 2 to 8 carbon atoms, alkoxy groups having 1 to 8

carbon atoms, halogen atoms, alkyl groups having 1 to 8 carbon atoms which are substituted
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with a halogen atom, alkoxy groups having 1 to 8 carbon atoms which are substituted with a
halogen atom, hydroxyis, nitros, acyl groups having 2 to 8 carbon atoms, aryl groups having 6
to 10 carbon atoms, and 5- or 6-membered heterocyclic groups for R?', R% and R can in

some embodiments be those described for R', R? and R? in the Formula (K).

[0208] In the Formula (L), the alkyl groups having 1 to 8 carbon atoms and alkyl groups having
1 to 8 carbon atoms which are substituted with a halogen atom for R? and R? can in some
embodiments be those described for R* and RS in the Formula (K).

[0209] R?', R% and R% in the Formula (L) can be attached to the benzene ring or the fike in

numbers of 1 to 3 in which the same or different groups can be attached to the same ring.

[0210] The compounds provided herein which are represented by the Formula (L) can be in the
form of a pharmacologically acceptable salts such as alkali metal salts, e.g., salts of sodium,

potassium and lithium.

[0211] The compounds provided herein can be in the optically active forms, and in the form of
optical isomers such as compounds of a racemic form or geometric isomers such as

compounds of a cis- or trans form.

5.2.10. Compounds of Formula (M) and (N)
[0212] In In some embaodiments, the compounds of the invention are compounds of Formula
(M):

1 1
R\/=W\

e

R® R*

(M)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof , wherein:

each of W' and W? is independently nitrogen or CH;

X is nitrogen or CH;

Y is oxygen or sulfur;

Z is a bond, oxygen, sulfur or NR5, in which R® is hydrogen or Cy. alkyl;

each of R' and R? is independently hydrogen, halogen, hydroxyl, nitro, amino, C1.s alkyl, 3- to 7-
membered cycloalkyl group, Cos alkenyl, Co.g alkynyl, Ci.s alkoxy, Ci.s alkyl having a 3- to 7-
membered cycloalkyl substituent, Cq.g haloalkyl, Ci.s haloalkoxy, Cs-10 aryl, 5- or 6-
membered heterocyclic group, an aralkyl group having Cs-1 aryl moiety and a C1.s alkylene,
or Ci.g alkyl having a 5- or 6-membered heterocyclic substituent;

each of R® and R* is independently hydrogen, Ci.s alkyl, or C1.s haloalkyl;
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A is a 5-membered heterocycle which is pyrazole, thiophene, furan, isoxazole, isothiazole or
pyrrole, in which the 5-membered heterocycle is unsubstituted or substituted with halogen,
hydroxyl, nitro, amino, C1. alkyl, 3- to 7-membered cycloalky! group, Czs alkenyl, Cog
alkynyl, C1 alkoxy, C1.s alkyl having a 3- to 7-membered cycloalkyl substituent, C1.s
haloalkyl, C1s haloalkoxy, Cs-10 aryl, a 5- or 6-membered heterocyclic group, an aralkyl
group having a Ce-10 aryl moiety and Ci.s alkylene moiety, or C1s alkyl group having a 5-or
6-membered heterocyclic substituent;

B is a bond or C1s alkylene which is unsubstituted or substituted with C1. alkyl, 3- to 7-
membered cycloalkyl, C1.s alkoxy or a halogen substituent, optionally wherein the Cis

alkylene has a double or triple bond;
riso, 1,2, 0r3;

RX is CH20H, COH, COOCH,CONR*R*®, SO3H,

] 3
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each R* and R*S is independently alkyl, aryl, or heteroaryl; or alternatively, R*“ and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*¢ and R¥ is independently H, Ci_s alkyl, C2- alkenyl, or C.—¢ alkynyl; and
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nis0,1,2, 3, or4.

[0213] In some embodiments, the compounds of the invention are compounds of Formula (N):

(N)

a or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

W8 is nitrogen or CH;
Z' is oxygen or sulfur;

each of R" and R" is independently hydrogen, halogen, hydroxyl, nitro, amino, C+.s alkyl, C1.s
alkoxy, Ci.s haloalkyl, or C+s haloalkoxy’

each of R" and R" is independently hydrogen or Ci.5 alkyl;

Al is a 5-membered heterocycle which is pyrazole or thiophene, in which the 5-membered
heterocycle is unsubstituted or substituted with halogen, hydroxyl, nitro, amino, C1. alkyl,

C1.¢ alkoxy, C1.s haloalkyl, or C1.s haloalkoxy:
mis 2, 3, or 4

RX is CH,OH, COH, COOCH,CONR*‘RX®, SO;H,
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R¥’ is independently H, C alkyl, Cs- alkenyl, or Ca alkynyl; and

nis0, 1,2 3, or4.

[0244] In some embodiments of compounds of Formula (M), the alkyl group having 1 to 8
carbon atoms for R!, R?, R® R* RS, a substituent attached to the 5-membered hetero ring of A
(when present), and a substituent attached to an alkylene chain having 1 to 8 carbon atoms can

be methyl, ethyl, propyl, isopropyl, butyl, i-butyl, t-butyl, pentyl, or hexyl.

[0215] In one embodiment, the alkenyl group having 2 to 8 carbon atoms for R, R? and a
substituent is attached to the 5-membered hetero ring of A and is vinyl or aliyi.

[0216] In one embodiment, the alkyny 1 group having 2 to 8 carbon atoms for R!, R?, wherein a
substituent is attached to the 5-membered hetero ring of A and is propargyl.

[0217] In one embodiment, the 3- to 7-membered cycloalkyl group for R', R%, wherein a
substituent is attached to the 5-membered hetero ring of A. In another embodiment, a
substituent is attached to the alkylene chain having 1 to 8 carbon atoms and is cyclopentyl or

cyclohexyl.

[0218] In one embodiment, the alkoxy group having 1 to 8 carbon atoms for R', R?, wherein a
substituent is aftached to the 5-membered hetero ring of A. In another embodiment, a
substituent is attached to the alkylene chain having 1 to 8 carbon atoms and is methoxy,

ethoxy, propoxy, isopropoxy, butoxy, i-butoxy, t-butoxy, pentyloxy, or hexyloxy.

[0219] In one embodiment, R' and R? is halogen, a substituent is attached to the 5-membered
hetero ring of A. In another embodiment, a substituent is attached to the alkylene chain having

1 to 8 carbon atoms and is fluorine, chlorine, or bromine.
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[0220] In one embodiment, the alkyl group having 1 to 8 carbon atoms and a halogen
substituent for R, R2, R5, wherein a substituent is attached to the 5-membered hetero ring of A
and is methyl, ethyl, propyl, isopropyl, butyl or t-butyl which has 1 to 3 halogen substituents
such as fluorine, chlorine or bromine. In another embodiment, the substituents are selected

from trifluoromethyl, chloromethyl, 2-chloroethyl, 2-bromoethyl, and 2-fluoroethyl.

[0221] In one embodiment, the alkoxy group having 1 to & carbon atoms and a halogen
substituent for R, R?, wherein a substituent is attached to the 5-membered hetero ring of A and
is methoxy, ethoxy, propoxy, isopropoxy, butyloxy or t-butyloxy which has 1 to 3 halogen
substituents such as fluorine, chlorine or bromine. In one embodiment, the substituents are
selected from trifluoromethyloxy, chioromethyloxy, 2-chloroethyloxy, 2-bromoethyloxy, and 2-
fluoroethyloxy.

[0222] In one embodiment, the aryl group having 6 to 10 carbon atoms for R', R? and a
substituent is attached to the 5-membered hetero ring of A and is phenyl.

[0223] In one embodiment, the 5- or 6-membered heterocyclic group for R', R?, and a
substituent is attached to the 5-membered hetero ring of A and is pyridyl.

[0224] In one embodiment, the alkyl group having 1 to 8 carbon atoms and 3- to 7-membered
cycloalkyl group for R?, R2, and a substituent is attached to the 5-membered hetero ring of A
and is methyl, ethyl, propyl, isopropyl, butyl, i-butyl, t-butyl, pentyl, or hexyl which has a
cyclopropyl substituent, a cyclopentyl substituent, or a cyclohexyl substituent.

[0225] In one embodiment, the aralkyl having an aryl moiety of 6 to 10 carbon atoms and an
alkylene moiety of 1 to 8 carbon atoms for R, RZ, and a substituent is attached to the 5-

membered hetero ring of A and is benzyl or phenethyl.

[0226] In one embodiment, the alkyl group having 1 to 8 carbon atoms and 5- or 6-membered
heterocyclic group for R?, R?, and a substituent is attached to the 5-memberedhetero ring of A
and is methyl, ethyl, propyl, isopropyl, butyl, i-butyl, t-butyl, pentyl, or hexyl which has a pyridyl
substituent.

[0227] In one embodiment, the 5-membered hetero ring, which may have a substituent for A, is
pyrazole or thiophene having a substituent. in another embodiment, pyrazole is having a
substituent.

[0228] In one embodiment, the alkylene chain having 1 to 8 carbon atoms which has
substituent for B is an alkylene chain having | to 4 carbon atoms. In another embodiment, the

alkylene chain is an ethylene chain or a propylene chain.
{0229] In one embodiment, nis 0.

[0230] In some embodiment of the compounds of Formula (N), the halogen atom, alkyl group
having 1 to 8 carbon atoms, alkoxy group having 1 to 8 carbon atoms, alkyl group having 1 to 8
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carbon atoms and a halogen substituent, and alkoxy group having 1 to 8 carbon atoms and a
halogen substituent for R and R'? can be those described hereinbefore for R' and R? of the
Formula (M).

[0231] In one embodiment, the alkyl group having 1 to 8 carbon atoms for R'® and R can be

those described hereinbefore for R® and R* of the Formula (M).

[0232] In one embodiment, the halogen atom, alkyl group having 1 to 8 carbon atoms, alkoxy
group having 1 to 8 carbon atoms, alky! group having 1 to 8 carbon atoms and a halogen
substituent, and alkoxy group having 1 to 8 carbon atoms and a halogen substituent which is
attached to pyrazole or thiophene for A' in the Formula (N) are those described hereinbefore for
the substituents attached to the 5-membered hetero ring of A of the Formula (M).

[0233] In one embodiment, R' of the Formula (M) and R"" of the Formula (N), the benzene ring
or the like can have 1 to 3 number of R' or R which are the same or different from each other.
In another embodiment, the benzene ring or the like can have 1 to 3 substituents other than a

hydrogen atom.

[0234] In one embodiment, R? of the Formula (M) and R'? of the Formula (N), the benzene ring
of the benzisoxazole ring or the like can have 1 to 3 number of R? or R'? which are the same or
different from each other. In another embodiment, the benzene ring of the benzisoxazole ring or

the like can have 1 to 3 substituents other than a hydrogen atom.

[0235] In one embodiment, the substituent attached to the 5-membered hetero ring for A of the
Formula (M) and the substituent attached to pyrazole or thiophene for A' of the Formula (N) can

be present in 1 or 2 number which can be the same or different from each other.

[0236] The compounds provided herein which are represented by the Formula (M) and (N) can
be in the form of a pharmacologically acceptable salts such as alkali metal salts, e.g., salts of

sodium, potassium and lithium.

[0237] The compounds provided herein can be in the optically active forms, and in the form of
optical isomers such as compounds of a racemic form or geometric isomers such as

compounds of a cis- or trans form.

[0238] In some embodiments, the compound of Formula (M) or (N) is a compound shown in

Table 7 or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.
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Table 7

Structure Name

2-((3-(2-(1-isopropyl-3-(4-
(trifluoromethyl)phenyt)-1H-
pyrazol-5-yljethyl)-5-
methylbenzo[d]isoxazol-6-
yhoxy)-2-methylpropan-1-ol

2-((3-(2-(1-isopropyl-3-(4-
(trifluoromethyl)phenyl)-1H-
pyrazol-5-yl)ethyl)-5-
methylbenzo[dlisoxazol-6-
ylyoxy)ethan-1-ol

HO\/\O

5.2.11. Compounds of Formula (O), (P) and (Q)
{0239] In some embodiments, the compounds of the invention are compounds of Formula (O):

R2
=
R vt
7> M (CRR)m—A—B ! Zn—R
"/ A
_,_WZ ia
G
©)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
each of W' and W? independently is CH or nitrogen;

X is NR® or CR®R; wherein R® is hydrogen, C1.s alkyl, C1s haloalkyl, C1.5 alkyl substituted with
C1.s atkoxy, Ca7 cycloalkyl, C1.g alkyl substituted with Cs.7 cycloalky!, C 1-8 alky! substituted
with phenyl, Cz acyl, or Cz.s alkenyl, and each of R® and R” independently is hydrogen or
C1-s alkyl;
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Y is (CRER%;, wherein each of R® and R® independently is hydrogen or C1 atkyl, and ris 1, 2,
3, 0r4; or

X and Y are combined to form CR'*=CR"" or ethynylene, wherein each of R'® and R"'
independently is hydrogen or Ci.g alkyl;

G, when bond a is present, is O, S or CR'"R'3, wherein each of R'? and R" independently is
hydrogen or C1s alkyl; G, when bond a is absent, is OH;

A is a five-membered heterocyclic ring which is thiazole, oxazole, imidazole, pyrazole,
thiophene, furan, or pyrrole, wherein the heterocyclic ring is unsubstituted or substituted
with Cis alkyl, Cas alkenyl, Czs alkynyl, C+.s alkoxy, halogen, Ci.s haloalkyl, C1s haloalkoxy,
hydroxyl, nitro, Cz.s acyl, Ce-1p aryl, or a five-membered or six-membered heterocyclic
group;

B is a C1g alkylene, Czs alkenylene or Czs alkynylene chain, wherein the chain is unsubstituted
or substituted with C1.5 alkyl, Cs7 cycloalkyl, Ci.s alkoxy, or halogen;

each of R and R? independently is hydrogen, Cs alkyl, Cas alkenyl, G5 alkynyl, C1.5 alkoxy,
halogen, C1.s haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, C2¢ acyl, Ce-10 aryl, or a five-
membered or six-membered heterocyclic group;

each of R® and R* independently is hydrogen or C1.g alkyl;
mis 0,1, 2, or 3;

RX is CH20H, COH, COOCH2CONRXR*, SO3H,

SR
HO COOH o 0
(@) o] o
O O [6) o
i ° 9 R

0—P—OR*®  o—p—0—pP—0R® O—P—0—
‘»4 \ X6 "«4 “‘»4 1 | |
OR , ORX® ORX® | ORX6 OR*¢ OR*®
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each R* and R*S is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*®
together with the carbon atom to which R** and R® are attached form a heterocycle;

each R* and R¥ is independently H, C1s alkyl, C2- alkenyl, or Cz— alkynyl; and
nis0, 1, 2, 3, or4.

[0240] In some embodiments, the compounds of the invention are compounds of Formuia (P):

R2a

P)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
G?, when bond a is present, is O, S or CHy;, G, when bond a is absent, is OH.

A2 is five-membered heterocyclic ring which is thiazole, oxazole, or thiophene, wherein the five-
membered heterocyclic ring is unsubstituted or is substituted with C1.g alkyl, C1.g alkoxy,

halogen, Ci.s haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, or Cos acyl;
B2 is a C1.5 alkylene or C.g alkenylene chain;

each of R' and R2 independently is hydrogen, Ci.s alkyl, C+.s alkoxy, halogen, C1 haloalkyl,
C1.s haloalkoxy, hydroxyl, nitro, or C2.s acyl;

RX is CH,OH, COH, COOCHCONR*R*?, SOsH,
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HO, 9
COOH o o
1 ((/vr \(CL °
O O , ’ (e} o)
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and RX®

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*¢ and R*' is independently H, Ci_6 alkyl, C2—s alkenyl, or Cz.5 alkynyl; and
nis 0,1, 2, 3, or 4.

[0241] In some embodiments, the compounds of the invention are compounds of Formula (Q):

2b
R R3b

l
/:M/N—(CHz)n—RX

Q@
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

GP, when bond a is present, is O, S or CH,; G, when bond a is absent, is OH;
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AP is five-membered heterocyclic ring which is thiazole, oxazole, or thiophene, wherein the five-
membered heterocyclic ring is unsubstituted or is substituted with C1. alkyl, C1.s alkoxy,

halogen, C1.s haloalkyl, C1.¢ haloatkoxy, hydroxyl, nitro, or Czg acyl;
BP is a C1.s alkylene or Czs alkenylene chain;

each of R™ and R? independently is hydrogen, C1 alkyl, C1. alkoxy, halogen, C1.5 haloalkyl,
C1.s haloalkoxy, hydroxyl, nitro, or C2 acyl;

R js hydrogen or Ci.s alky!;

R* is CH,OH, COH, COOCHCONRX‘R*®, SOzH,

0 O

) s

HO, ?
COOH o 0
1 ﬁ \(CL ’
O O ) b 1 O v O I

I 1o 0 (@] (e} O
O—P—ORX® o_é!—o_.!_ORxe o—||3—o—||=—o—P—0R><6
1“4_ CI)RXB , .“14 (lJRXG (l)RXG , m,‘é ORX6 ORXG ORX6

O\SS\S

H (‘? i (!?

N I

"7,{ E{N S}/ \C\%N %_O___T._NHZ P—NH, é_‘S‘—NHg
(o} S o] , OR s , O

N—N OH »  OH ? Q
4 \\N N—RJ\ OH OH
N SNy B || |
N N N
Ao Ho o o 0 o

ON er ‘/zN { N
VARG YaY

each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

, Oor

together with the carbon atom to which R*4 and R*® are attached form a heterocycle;
each R* and R¥ is independently H, Ci alkyl, Cas alkenyl, or C»¢ alkynyl; and
nis 0,1, 2, 3, or4.

[0242] In some embodiments, in the Formula (0), R', R?, R®, R%, R®, R® R7, R®, R®, R", R"",

R'2, R'S, a substituent of the five-membered heterocyclic ring represented by A, and a
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substituent of the Cy 5 alkylene, Czs alkenylene or C..g alkynylene chain represented by B can
be C 1. alkyl. Examples of the C1.5 alky! include methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, pentyl and hexyl.

[0243] In one embodiment, R, R?, R®, and a substituent of the five-membered heterocyclic ring

represented by A can be C.,.s alkenyl. Eamples of the C..s alkenyl include vinyl and allyl.

[0244] In one embodiment, R, R?, and a substituent of the five-membered heterocyclic ring

represented by A can be Cu.s alkynyl. Examples of the Cz.g alkynyl include propargyl.

[0245] In one embodiment, R', R?, a substituent of the five-membered heterocyclic ring
represented by A, and a substituent of the Cy.5 alkylene, C»s alkenylene or C.s alkynylene
chain represented by B can be C, s alkoxy. Examples of the C 15 alkoxy in-clude methoxy,

ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, t-butoxy, pentyloxy, and hexyloxy.

[0246] In one embodiment, R', R?, a substituent of the five-membered heterocyclic ring
represented by A, and a substituent of the C1 s alkylene, C2 alkenylene or Cz.5 alkynylene
chain represented by B can be halogen. Examples of the halogen include fluorine, chlorine, and
bromine.

[0247] In one embodiment, R", RZ, R%, and a substituent of the five-membered heterocyclic ring
represented by A can be C, g alkyl substituted with halogen. Examples of the C.s alkyl
substituted with halogen include methyl, ethyl, propyl, isopropyl, butyl, and t-butyl which are
substituted with 1-3 halogens such as fluorine, chiorine, and bromine. Preferred are
trifluoromethyl, chioromethyl, 2-chloroethyl, 2-bromoethyl!, and 2-fluoroethyi.

[0248] In one embodiment, R, R?, and a substituent of the five-membered heterocyclic ring
represented by A can be Cq s alkoxy substituted with halogen.

[0249] Examples of the C 1 alkoxy substituted with halogen include methoxy, ethoxy, propoxy,
isopropoxy, butoxy, and t-butoxy which are substituted with 1-3 halogen atoms such as fluorine
atom, chlorine atom, or bromine atom. In one embodiment, R', R?, and a substituent of the five-
membered heterocyclic ring are trifluoromethoxy, chloromethoxy, 2-chloroethoxy, 2-
bromoethoxy, and 2-flucroethoxy.

[0250] In one embodiment, R', R?, R®, and a substituent of the five-membered heterocyclic ring
represented by A can be Cys acyl. Examples of the C.s acyl include acetyl and propionyl.

[0251] In one embodiment, R, R?, and a substituent of the five-membered heterocyclic ring

represented by A can be CA.\Q aryl. Examples of the Ce. ¢ ary! include phenyl.
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[0252] In one embodiment, R, R?, and a substituent of the five-membered heterocyclic ring
represented by A can be a five-membered or six-membered heterocyclic group. Examples of

the five-membered or six-membered heterocyclic group include pyridyl.
[0253] In one embodiment, R® can be Ci.s alkyl substituted with C1.s alkoxy.

[0254] Examples of the Ci. alkyl substituted with C+_ alkoxy include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, t-butyl, pentyl and hexyl which are substituted with methoxy, ethoxy,
propoxy, isopropoxy, butoxy, isobutoxy, t-butoxy, pentyloxy, or hexyloxy.

[0255] in one embodiment, R® can be cycloaltkyl of three-membered to seven-membered ring.
Examples of the cycloalkyl of three-membered to seven-membered ring include cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyi.

[0256] In one embodiment, R® can be C1.5 alkyl substituted with cycloalkyl of three-membered
to seven-membered ring. Examples of the C 1.5 alkyl substituted with cycloalkyl of three-
membered to seven-membered ring include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-
butyl, pentyl and hexy! which are substituted with cyclopropyl, cyclobutyl, cyclopentyl, or

cyclohexyi.
[0257] In one embodiment, R® can be Ci.s alky! substituted with pheny!.
[0258] Examples of the C1¢ alky! substituted with phenyl include benzyl and phenethyl.

[0259] In one embodiment, a substituent of the C1. alkylene, C2s alkenylene or Cos alkynylene
chain represented by B can be cycloalkyl of three-membered to seven-membered ring.
Examples of the cycloalky! of three-membered to seven-membered ring include cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl.

[0260] In some embodiments, in the Formula (P), R'2, R?%, and a substituent of five-membered
heterocyclic ring represented by A® can be Cy.g alkyl, C1¢ alkoxy, halogen, C 1.5 alkyl substituted
with halogen, Ci.s alkoxy substituted with halogen, and C,.s acyl. Examples of them are the
same as the examples of R', R?, and the substituent of the five-membered heterocyclic ring

represented by A in the Formula (O).

[0261] In some embodiments, in the Formula (Q), R'®, R%, and a substituent of five-membered
heterocyclic ring represented by A° can be Cys alkyl, C1.s alkoxy, halogen, C+.s alky! substituted
with halogen, Ci.s alkoxy substituted with halogen, and C,s acyl. Examples of them are the
same as the examples of R, R%, and the substituent of the five-membered heterocyclic ring
represented by A in the Formula (O).
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[0262] In one embodiment, in the Formula (Q), R* can be C1.5 alkyl. Examples are the same

as the examples of R® in the Formula (Q).

[0263] In one embodiment, each of R, R? in the Formula (O), R™, R?2 in the Farmula (P),
R™ and RZ in the Formula (Q) can be one to three groups attached to the rings, such as

benzene ring. The two or three groups can be different from each other.

[0264] The compounds having the Formulae (O), (P), and (Q) can be present in the form of a
pharmaceutically acceptable salt. Examples of the salt include an alkali metal salt, such as

sodium salt, potassium salt and lithium salt.

[0265] The compounds having the Formulae (O), (P), and (Q) can also be present in the form

of an optical isomer such as enantiomer or racemic body, or a geometrical isomer such as cis

or trans. Also provided are isomers of these compounds.

[0266] In some embodiments, the compound of Formula (0), (P), or (Q) is a compound shown

in Table 8 or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

Table 8

Structure Name
1-(4-(3-hydroxypropyl)-3-
methylphenyl)-3-(4-isopropyl-

N 2-(4-
W \ (trifluoromethyl)phenyl)thiazol-
5-yl)propan-1-one
F S
F
0]

1-(4-((2-

0]
R hydroxyethyl)(methyl)amino)ph
F S enyl)-3-(4-isopropyl-2-(4-
F \ I (trifluoromethyl)phenyhthiazol-
N \ s 5-yl)propan-1-one

5.2.12. Compounds of Formula (R) and (S)
[0267] In some embodiments, the compounds of the invention are compounds of Formula (R):.

RZ
Rl =W T
< S (CH)—A—B— s/\LX—Y_(CHz) —RX
& 7 (CHalm o 7 "
WZ \E
R)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of W' and W? is independently CH or N;
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Xis NR® or CR*R®, in which R® is C1.5 alkyl, C1.¢ haloalkyl, C1s alkyl substituted with C1.5 alkoxy,
C1.s alkyl substituted with a 3-7 membered cycloalkyl, C1.¢ alkyl substituted with a pheny!
group, Czs acyl, or C2; alkenyl;

each of R* and R% is independently hydrogen or Cis alkyl;

Y is (CR®R7);, in which each of R® and R” is independently hydrogen or C1s alkyl and ris 1, 2, 3,
or 4,

Ais a 5 or 8-membered heterocyclic group which is thiazole, oxazole, imidazole, pyrazole,
thiophene, furan, pyrrole, pyridine or pyrimidine, or a phenyl group, wherein the 5 or 6-
membered heterocyclic group or phenyl group is unsubstituted or substituted with C+.s alkyl,
3-7 membered cycloalkyl, Cz.s alkenyl, Cy alkynyl, C4.s alkoxyl, C1.5 alkyl group substituted
with a 3-7 membered cycloalkyl group, C1.s haloalkyl, Ci.s haloalkoxy, Ce-10 aryl, a 5 or 6-
membered heterocyclic group, aralkyl group comprising a Ce-10 aryl group and a Ci. alkyl

group, or Cq.s alkyl group substituted with a 5 or 6-membered heterocyclic group;

B is a bond or C.s alkylene which is unsubstituted or substituted with Ci.5 alkyl, a 3-7
membered cycloalkyl group, C1.s alkoxy or a halogen, and which may have a double bond

or triple bond when the carbon number of the alkylene chain is 2 or more;
Dis N or CH;
Eis OorS;

each of R! and R? is independently H, C..5 alkyl, C2.s alkenyl, Cz.s alkynyl, C+. alkoxy, halogen,
C1.s haloalkyl, C1.3 haloalkoxy, nitro, C2s acyl, Ce-10 aryl, or a 5 or 6-membered heterocyclic

group;
mo, 1,2, or3;

RX is CH,OH, COH, COOCH>CONR*‘R*%, SO3H,
Q
O
°© 5 0 0
By ©
O 0] , , o , O, o |
HO. 2
COOH o o
I ﬁ \/C(L O
R
(o] (@] ' , ) O, 0 )
(o)

I
O—-F"—ORXEs 0—b—0—b—ore  0—P—0—
W‘*{ ORXS , % ([)RXB (‘JRxe , \“4 'e) RXG ORXB ORXB
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4 b &
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*¢ and RX is independently H, C1- alkyl, Cz_¢ alkenyl, or Cz-¢ alkynyl; and
nis0,1,2, 3,0or4.

[0268] In some embodiments, the compounds of the invention are compounds of Formula (S):

)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

A'is a 5 or 6-membered heterocyclic group which is thiazole, oxazole, pyridine or pyrimidine, or
a phenyl group, wherein the 5 or 6-membered heterocyclic group or phenyl! group is
unsubstituted or substituted with C+.s alkyl or C1 haloalkyl;

B'is Co4 alkylene;
each of R and R'? is independently H, C1.s alkyl, halogen, or C1s haloalkyl;

R'3 is Cy.5 alkyl or Ci.g haloalkyl, optionally wherein the N to which R'? is attached is attached to
the 6th position of benzisoxazole;

RX is CH,OH, COH, COOCH,CONRX**R*5, SO3H,
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5

S

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and R¥" is independently H, C1s alkyl, C2-s alkenyl, or C- alkynyl; and
nis0,1, 2, 3, or4.

[0269] In some embodiments, of the compounds having the Formula (R), both W' and W2 are
CH.

[0270] In some embodiments of the compounds having the Formula (R), X is CR*R>, CHa, or
NR?, and R? is an alkyl group having 1 to 8 carbon atoms. In another embodiment, R? is a
methy! group.

[0271] In some embodiments of the compounds having the Formula (R), Y is CH,.

[0272] In some embodiments of the compounds having the Formula (R), Z is a carboxylic

group.
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[0273] In some embodiments of the compounds, having the Formula (R), A is thiazole or
oxazole which may have a substituent selected from the group consisting of an alkyl group
having 1 to 8 carbon atoms, an alkenyl group having 2 to 8 carbon atoms, an alkyny! group
having 2 to 8 carbon atoms, an alkyl group having 1 to 8 carbon atoms and a halogen atom
substituent, an aryl group having 6 to 10 carbon atoms or a 5 or 6-membered heterocyclic
group; pyrazole which may have a substituent selected from the group consisting of an alkyl
group having 1 to 8 carbon atoms, an alkenyl group having 2 to 8 carbon atoms, an alkynyl
group having 2 to 8 carbon atoms, an alkyl group having 1 to 8 carbon atoms and a halogen

atom substituent, an aryl group having 6 to 10 carbon atoms or a 5 or 6-membered heterocyclic

group.

[0274] In some embodiments of the compounds having the Formula (R), B is an ethylene
chain.

[0275) In some embodiments of the compounds having the Formula (R), D is N.
[0276] In some embaodiments of the compounds having the Formula (R), E is O.

[0277] In some embodiments of the compounds having the Formula (R), each of R' and R? is
independently H, an alkyl group having 1 to 8 carbon atoms, an alkenyl group having 2 to 8
carbon atoms, an alkoxy group having 1 to 8 carbon atoms, a halogen atom, an alky! group
having 1 to 8 carbon atoms and a halogen atom substituent or an alkoxy group having 1 to 8

carbon atoms and a halogen atom substituent.
[0278] In some embodiments of the compounds having the Formula (R), mis 0.

[0279] In some embodiments of the compounds having the Formula (S), R™ is an alkyl group

having 1 to 8 carbon atoms. In another embodiment, R is a methyl group.
[0280] In some embodiments of the compounds having the Formula (S), pis 1.

[0281] In some embodiments of the compounds having the Formula (S), A is thiazole, oxazole
or phenyl which may have a substituent selected from the group consisting of an alkyl group
having 1 to 8 carbon atoms or an alky! group having 1 to 8 carbon atoms and a halogen atom
substituent. In another embodiment, A" is thiazole which may have an alkyl group having 1 to 8

carbon atoms as a substituent.

[0282] In some embodiments of the compounds having the Formula (S), B' is an ethylene

chain.
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[0283] In some embodiments of the compounds having the Formula (S), R" is an alkyl group
having 1 to 8 carbon atoms, a halogen atom or an alkyl group having 1 to 8 carbon atoms and a

halogen atom substituent.

[0284] In some embodiments of the compounds having the Formula (S), R'? is H, an alky!
group having 1 to 8 carbon atoms or an alky! group having 1 to 8 carbon atoms and a halogen

atom substituent.

[0285] The compounds having the Formulae (R) and (S) can also be present in the form of an
optical isomer such as enantiomer or racemic body, or a geometrical isomer such as cis or

trans. Also provided are isomers of these compounds.

[0286] The compounds having the Formulae (R) and (S) can be present in the form of a
pharmaceutically acceptable salt. Examples of the salt include an alkali metal salt, such as
sodium salt, potassium salt and lithium salt.

[0287] In some embodiments, the compound of Formula (R) or (S) is 2 compound shown in
Table 9 or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

Table 9

Structure Name

F (trifluoromethyl)pheny!)thiazol-
= 5-yhethyl)benzoldlisoxazol-6-
yl)(methyl)amino)ethan-1-ol

F 2-((3-(2-(4-isopropyl-2-(4-
N\
\_8
N
l
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Table 9
Structure Name
F E 2-((3~(2~(4-isopropyl-2-(4-
(trifluoromethyl)phenyljthiazol-
F 5-yl)ethyl)-5-

methylbenzo[d]isoxazol-6-
yl)(methyl)amino)ethan-1-ol

N
HOL g
1

5.2.13. Compounds of Formula (T)

[0288] In some embodiments, the compounds of the invention are compounds of Formula (T):

N—/(CHa)p—RX

(T)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

B?is Co.4 alkylene;
R2 is C1-5 alkyl;
each of R?' and R% is independently H, C1.s alkyl, halogen, or C1s haloalkyl;

R2 is C1.s alkyl or C1 haloalkyl, optionally wherein the N to which R% is attached is attached to
the 6th position of benzisoxazole;

RX is CHOH, COH, COOCH,CONRX‘R*5, SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycls;

each RX® and R* is independently H, C1_s alkyl, C2-¢ alkenyl, or C2— alkynyl; and

nis0, 1,2, 3, or4.

[0289] In some embodiments, R* is an alkyl group having 1 to 8 carbon atoms or an alkyl
group having 1 to 8 carbon atoms and a halogen atom substituent. In another embodiment,

R% is a methyl group.
[0290] In some embodiments, n is an integer of 1 to 4. In some embodiments, n is 1.

[0291] In some embodiments, R% is an alkyl group having 1 to 8 carbon atoms. in another

embodiment, R% is methyl.

[0292] In some embodiments, B? is an alkylene chain having 2 to 4 carbon atoms. In another

embodiment, B? is an ethylene chain.

[0293] In some embodiments, each of R?' and R?? is independently H, an alkyl group having 1
to 8 carbon atoms, a halogen atom, an alkyl group having 1 to 8 carbon atoms and a halogen
atom substituent. In another embodiment, R?' is an alkyl group having 1 to 8 carbon atoms, a
halogen atom or an alkyl group having 1 to 8 carbon atoms and a halogen atom substituent. in
yet another embodiment, R?2 is H, an alkyl group having 1 to 8 carbon atoms or an alkyl group

having 1 to 8 carbon atoms and a halogen atom substituent.
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[0294] In some embodiments, N(R%)((CH.).-R*) is attached to the 6th position of
benzisoxazole.

[0295] The compounds having the Formula (T) can also be present in the form of an optical
isomer such as enantiomer or racemic body, or a geometrical isomer such as cis or trans. Also

provided are isomers of these compounds.

[0296] The compounds having the Formula (T) can be present in the form of a
pharmaceutically acceptable salt. Examples of the salt include an alkali metal salt, such as
sodium salt, potassium salt and lithium salt.

5.2.14, Compounds of Formula (U)

[0297] In some embodiments, the compounds of the invention are compounds of Formula (U):

3 ? R5
(C)m—(C Jo—B~—Y —(C,;)n‘RX
R6
(L)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R" is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1.s alkyl, Cs.7 cycloalkyl, C2-
C8 alkenyl, C2g alkynyl, C1 alkoxy, Cy alkyl having a 3- to 7-membered cycloalky!
substituent, C1¢ haloalkyl, C1s alkyl having a Ci.s alkoxy substituent, C1.s haloalkoxy, Cz.
acyl, Ce-10 aryl group, a 5- or 6-membered heterocyclic group, an aralkyf group having a Ce-
10 aryl moiety and a Cs.3 alkylene moiety, or a C1.s alkyl group having a 5- or 6-membered
heterocyclic substituent;

R?is hydrogen, C1.s alkyl, Cz alkenyl, C1.5 alkyl having a 3- to 7-membered cycloalkyl
substituent, C+.5 haloalkyl, C1.4 alkyl group having a C1.s alkoxy substituent, C..s acyl, Ce-10
aryl, or an aralkyl group having a Ce-10 aryl moiety and a C1.s alkylene moiety:

each of R? R* R’ and R® independently is hydrogen, C1.¢ alkyl, or C1 haloalkyl;

Xis oxygen, sulfur or NR'; where R” is hydrogen, C1.s alkyl, C1s haloalkyl, an aralkyl group
having a Cs-10 aryl moiety and a C+.s alkylene moiety, Czs acyl, or Cz3 alkenyl;

Y is oxygen, sulfur, NR® or a bond, where R? is hydrogen, C alkyl, C1.s haloalkyl, Ca.s acyl, or
Co.g alkenyl;

pisOor1,
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A, when bond a is present, is oxygen CHz, N-NH2 or N-OR?, where R® is hydrogen, Ci. alkyl,
C1.¢ haloalkyl, Cz acyl, Czs alkenyl, or an aralkyl group having a Ce-10 aryl moiety and a C.
s alkylene moiety; A, when bond a is absent, is OH;

B s, in the case of p=1, a benzene ring having or not having a substituent which is halogen,
hydroxyl, nitro, amino, C1- alkyl, Cs+ cycloalkyl, C..s alkenyl, Co.s alkynyl, C1.s alkoxy, Cis
alkyl having a 3- to 7-membered cycloalkyl substituent, C+.¢ haloalkyl, C1.s alkyl having a C1.
s alkoxy substituent, C1.5 haloalkoxy, C2s acyl, Ce-10 aryl group, or an aralkyl group having a
Ce-10 aryl moiety and a C1-C8 alkylene moiety of 1-8 carbon atoms, and, in the case of p=0,
a condensed ring which is indole, benzofuran, benzisoxazole or 1,2-benzisothiazole, in

which said condensed ring has or does not have a substituent which is

halogen, hydroxyl, nitro, amino, C1.s alkyl group, Cs.7 cycloalkyl, Co.s alkenyl, C2.s alkynyl, Ci.s
alkoxy, C1s alkyl having a 3- to 7-membered cycloalkyl substituent, C1.s haloalkyl, C1.5 alkyl
having a C1-C8 alkoxy substituent, C1. haloalkoxy group, Cz.s acyl, Cs-10 aryl, or an aralkyl
group having a Ce-10 aryl moiety and a C1.g alkylene moiety;

Y is bonded to the benzene ring of B;

(C(R®)(R*))m is bonded to the condensed ring of B at its 3-position:
m is an integer of 1 to 4;

nis0,1,2,3,4,o0r5;

Y is a bond in the case of n=0;

R*is CH,OH, COH, COOCH,CONR*“R*%, SO3H,

’ 1 ¥ ’ ]

I
0—P—0R® o b o f opee O—FI’—O—P—O—P—ORXB

M{_ éRxe éRxs ORX® “4 ORX8 éRxe C’)RXG

) 1, 3

O
—0=0
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each R** and R¥® is independently alkyl, aryl, or heteroary|; or alternatively, R** and R*®

together with the carbon atom to which R* and R*® are attached form a heterocycle;
each R* and R¥’ is independently H, C1-s alkyl, C2-¢ alkenyl, or Cz-s alkynyl.

[0298] In some embodiments, R' represents hydrogen, halogen, hydroxyl, nitro, amino, cyano,
carboxyl, an alkyl group having 1-8 carbon atoms, a 3- to 7-membered cycloalkyl group, an
alkeny! group having 2-8 carbon atoms, an alkynyl group having 2-8 carbon atoms, an alkoxy
group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a 3- to 7-
membered cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and having a
halogen substituent, an alky! group having 1-8 carbon atoms and an alkoxy substituent having
1-8 carbon atoms, an alkoxy group having 1-8 carbon atoms and having a halogen substituent,
an acyl group having 2-8 carbon atoms, an aryl group having 6-10 carbon atoms, a 5- or 6-
membered heterocyclic group, an aralkyl group having an aryl moiety of 6-10 carbon atoms and
an alkylene moiety of 1-8 carbon atoms, or an alkyl group having 1-8 carbon atoms and a 5-or

6-membered heterocyclic substituent.

[0299] In some embodiments, R? represents hydrogen, an alkyl group having 1-8 carbon
atoms, an alkenyl group having 2-8 carbon atoms, an alkyl group having 1-8 carbon atoms and
having a 3- to 7-membered cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and
having a halogen substituent, an alkyl group having 1-8 carbon atoms and having an alkoxy
substituent having 1-8 carbon atoms, an acyl group having 2-8 carbon atoms, an aryl group
having 6-10 carbon atoms, or an aralkyl group having an aryl moiety of 6-10 carbon atoms and
an alkylene moiety of 1-8 carbon atoms.

[0300] In some embodiments, each of R®, R* R® and R® independently represents hydrogen,
an alkyl group having 1-8 carbon atoms, or an alkyl group having 1-8 carbon atoms and having
a halogen substituent.
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[0301] In some embodiments, X is oxygen, sulfur or NR?, R” representing hydrogen, an alkyl
group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a halogen
substituent, an aralkyl group having an aryl moiety of 6-10 carbon atoms and an alkylene
moiety of 1-8 carbon atoms, an acy! group having 2-8 carbon atoms, or an alkenyl group having
2-8 carbon atoms.

[0302] In some embodiments, Y is oxygen, sulfur, NR or a bond, R® representing hydrogen, an
alkyl group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a
halogen substituent, an acyl group having 2-8 carbon atoms, or an alkenyl group having 2-8

carbon atoms.
[0303] In some embodiments, p is 0 or 1.

[0304] In some embodiments, A is oxygen, CHz, N-NH; or N-OR?, R® representing hydrogen,
an alkyl group having 1-8 carbon atoms, an alky! group having 1-8 carbon atoms and having a
halogen substituent, an acyl group having 2-8 carbon atoms, an alkenyl group having 2-8
carbon atoms, or an aralkyl group having an aryl moiety of 6-10 carbon atoms and an alkylene

moiety of 1-8 carbon atoms.

[0305] In some embodiments, B represents, in the case of p=1, a benzene ring having or not
having a substituent selected from the group consisting of halogen, hydroxyl, nitro, amino, an
alkyl group having 1-8 carbon atoms, 3- to 7-membered cycloalkyl group, an alkenyl group
having 2-8 carbon atoms, an alkynyl group having 2-8 carbon atoms, an alkoxy group having 1-
8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a 3- to 7-membered
cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and having a halogen
substituent, an alkyl group having 1-8 carbon atoms and having an alkoxy substituent having 1-
8 carbon atoms, an alkoxy group having 1-8 carbon atoms and having a halogen substituent,
an acyl group having 2-8 carbon atoms, an aryl group having 6-10 carbon atoms, or an aratky!
group having an aryl moiety of 6-10 carbon atoms and an alkylene moiety of 1-8 carbon atoms,
and, in the case of p=0, a condensed ring selected from the group consisting of indole,
benzofuran, benz-isoxazole and 1 ,2-benzisothiazole, in which said condensed ring has or does
not have a substituent selected from the group consisting of halogen, hydroxyl, nitro, amino, an
alkyl group having 1-8 carbon atoms, 3- to 7-membered cycloalkyl group, an alkenyl group
having 2-8 carbon atoms, an alkynyl group having 2-8 carbon atoms, an alkoxy group having 1-
8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a 3- to 7-membered
cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and having a halogen
substituent, an alkyl group having 1-8 carbon atoms and having an alkoxy sub-stituent having
1-8 carbon atoms, an alkoxy group having 1-8 carbon atoms and having a hatogen substituent,
an acyl group having 2-8 carbon atoms, an ary! group having 6-10 carbon atoms, or an aralkyl
group having an aryl moiety of 6-10 carbon atoms and an alkylene moiety of 1-8 carbon atoms.

[0306] In some embodiments, Y is bonded to the benzene ring of B.
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[0307] In some embodiments, -(C(R*)(R*))m~ is bonded to the condensed ring of B at its 3-

position.

[0308] In some embodiments, m is an integer of 1 to 4.
[0309] In some embodiments, n is an integer of 0 to 5.
[0310] In some embodiments, Y is a bond in the case of n=0.

[0311] The compounds having the Formula (U) can also be present in the form of an optical
isomer such as enantiomer or racemic body, or a geometrical isomer such as cis or trans. Also

provided are isomers of these compounds.

[0312] The compounds having the Formula (U) can be present in the form of a
pharmaceutically acceptable salt. Examples of the salt include an alkali metal salt, such as

sodium salt, potassium salt and lithium sait.

5.2.15. Compounds of Formula (V)
[0313} In some embodiments, the compounds of the invention are compounds of Formula (V):

RQ R12 5
l \ K R13 Q1 T
e S'\(é) wC_C‘j\}/w_EC)s——RX
—C 16
IIR“ Lf \\ / R

V)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1.s alkyl, Cs.7 cycloalkyl, C2-
C8 alkenyl, Czg alkynyl, C1g alkoxy, Ci.s alkyl having a 3- to 7-membered cycloalky!
substituent, C1.5 haloalkyl, C1.¢ alkyl having a Ci.s alkoxy substituent, C1g haloalkoxy, Czs
acyl, Ce-10 aryl group, a 5- or 6-membered heterocyclic group, an aralky! group having a Ce-
10 aryl moiety and a C1.4 alkylene moiety, or a Cq.s alkyl group having a 5- or 6-membered

heterocyclic substituent;

R™is hydrogen, Ci.s alkyl, C2 alkenyl, C1s alkyl having a 3- to 7-membered cycloalkyl
substituent, C+.¢ haloalkyl, C1 alkyl group having a C+.s alkoxy substituent, Cz.s acyl, Ce-10

aryl, or an aralkyl group having a Ce-10 aryl moiety and a C..3 alkylene moiety;
each of R™®, R™, R and R'® independently is hydrogen, C1.s alkyl, or C1. haloalkyl;

Y' is oxygen, sulfur, NR' or a bond, where R is hydrogen, C1 alkyl, C1 haloalkyl, Cz. acyl,
or Cpg alkenyl;

A', when bond a is present, is oxygen CHz, N-NH or N-OR'™, where R'® is hydrogen, C1.s alkyl,
Ca-s haloalkyl, C2s acyl, C2s alkenyl, or an araikyl group having a Ce-10 aryl moiety and a C;.
s alkylene moiety; A', when bond a is absent, is OH;
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Q' is hydrogen, halogen, hydroxyl, nitro, amino, C1.s alkyl group, Ca7 cycloalkyl, Cos alkenyl, Cp.
g alkynyl, C1s alkoxy, C1.g alkyl having a 3- to 7-membered cycloalkyl substituent, C1.s
haloalkyl, C1.s alkyl having a C+. alkoxy substituent, C1s haloalkoxy, Czs acyl, Ce-1¢ aryl, or

an aralkyl group having a Cs-1¢ aryl moiety and a C1.s alkylene moiety;
ris1,2,3,0r4,
sis 1,2 3 4, or5;

RX is CH,OH, COH, COOCHCONRX**R*?, SO3H,
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each R* and R*® is independently alkyl, aryl, or heteroary!; or aiternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*¢ and R¥ is independently H, Cs alky!, C. alkenyl, or Co alkynyl.

[0314] In some embodiments, R" represents hydrogen, halogen, hydroxyl, nitro, amino, cyano,
carboxyl, an alkyl group having 1-8 carbon atoms, a 3- to 7-membered cycloalkyl group, an
alkenyl group having 2-8 carbon atoms, an alkynyl group having 2-8 carbon atoms, an alkoxy

group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a 3- to 7-
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membered cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and having a
halogen substituent, an alky! group having 1-8 carbon atoms and an alkoxy substituent having
1-8 carbon atoms, an alkoxy group having 1-8 carbon atoms and having a halogen substituent,
an acyl group having 2-8 carbon atoms, an aryl group having 6-10 carbon atoms, a 5- or 6-
membered heterocyclic group, an aralkyl group having an aryl moiety of 6-10 carbon atoms and
an alkylene moiety of 1-8 carbon atoms, or an alkyl group having 1-8 carbon atoms and a 5-or

6-membered heterocyclic substituent.

[0315] In some embodiments, R'? represents hydrogen, an alkyl group having 1-8 carbon
atoms, an alkenyl group having 2-8 carbon atoms, an alkyl group having 1-8 carbon atoms and
having a 3- to 7-membered cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and
having a halogen substituent, an alkyl group having 1-8 carbon atoms and having an alkoxy
substituent having 1-8 carbon atoms, an acyl group having 2-8 carbon atoms, an ary! group
having 6-10 carbon atoms, or an aralkyl group having an aryl moiety of 6-10 carbon atoms and

an alkylene moiety of 1-8 carbon atoms.

[0316] In some embodiments, each of R, R'4, R™ and R'® independently represents
hydrogen, an alkyl group having 1-8 carbon atoms, or an alkyl group having 1-8 carbon atoms

and having a halogen substituent.

[0317] In some embodiments, Y ' is oxygen, sulfur, NR or a bond, R representing hydrogen,
an alkyl group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a
halogen substituent, an acyl group having 2-8 carbon atoms, or an alkenyl group having 2-8

carbon atoms.

[0318] In some embodiments, A" is oxygen CHz, N-NH2 or N-OR", R representing hydrogen,
an alkyl group having 1-8 carbon atoms, an alky! group having 1-8 carbon atoms and having a
halogen substituent, an acyl group having 2-8 carbon atoms, an alkenyl group having 2-8

carbon atoms, or an aralkyl group having an aryl moiety of 6-10 carbon atoms and an alkylene

moiety of 1-8 carbon atoms.

[0319] In some embodiments, Q' represents hydrogen, halogen, hydroxyl, nitro, amino, an
alkyl group having 1-8 carbon atoms, a 3- to 7-membered cycloalkyl group, an alkenyl group
having 2-8 carbon atoms, an alkynyl group having 2-8 carbon atoms, an alkoxy group having 1-
8 carbon atoms, an alky! group having 1-8 carbon atoms and having a 3- to 7-membered
cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and having a halogen
substituent, an alky! group having 1-8 carbon atoms and an alkoxy substituent having 1-8
carbon atoms, an alkoxy group having 1-8 carbon atoms and having a halogen substituent, an
acyl group having 2-8 carbon atoms, an aryl group having 6-10 carbon atoms, or an aralkyl

group having an aryl moiety of 6-10 carbon atoms and an alkylene moiety of 1-8 carbon atoms.
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[0320] In some embodiments, ris an integer of 1 to 4.

[0321] In some embodiments, s is an integer of 1 to 5.
[0322] The compounds having the Formula (V) can also be present in the form of an optical
isomer such as enantiomer or racemic body, or a geometrical isomer such as cis or trans. Also

provided are isomers of these compounds.

[0323] The compounds having the Formula (V) can be present in the form of a
pharmaceutically acceptable salt. Examples of the salt include an alkali metal salt, such as

sodium salt, patassium salt and lithium salt.

[0324] In some embodiments, the compound of Formula (V) is a compound shown in Table 10

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

Table 10

Structure Name

OH 1-(4~(3-hydroxypropyl)-3-
methylphenyl)-3-(3-isopropyl-6-
(trifluoromethyl)benzo[blthiophen-
2-yl)propan-1-one

1-(4-(3-hydroxypropyl)-3-
methylphenyl)-3-(3-isopropyl-6-
(trifluoromethyl)benzo[b]thiophen-
2-yl)propan-1-ol

5.2.16. Compounds of Formula (W)
[0325] In some embodiments, the compounds of the invention are compounds of Formula (W):

(cx A0 RY

R24 N\ / R26
O
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(W)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R?' is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1s alkyl, Ca.7 cycloalkyl, C2-
C8 alkenyl, Cz.5 alkynyl, C1.5 alkoxy, Cis alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.s haloalkyl, C1.5 alkyl having a C.s alkoxy substituent, Ci.s haloalkoxy, Cz-s
acyl, Ce~10 aryl group, a 5- or 6-membered heterocyclic group, an aralkyl group having a Ce-
10 aryl moiety and a Cy.s alkylene moiety, or a Cy.s alkyl group having a 5- or 6-membered
heterocyclic substituent;

R*2is hydrogen, C1.s alkyl, C2s alkenyl, Ci5 alkyl having a 3- to 7-membered cycloalkyl
substituent, C1¢ haloalkyl, C1 alkyl group having a Cis alkoxy substituent, Cz.5 acyl, Cs-10
aryl, or an aralkyl group having a Ce-10 aryl moiety and a C1.5 alkylene moiety;

each of R, R*, R% and R% independently is hydrogen, C1. alkyl, or C+.5 haloalkyl;

Y2 is oxygen, sulfur, NR? or a bond, where R% is hydrogen, Ci.s alkyl, C1s haloalkyl, Czs acyl,
or Cag alkenyl;

Q? is hydrogen, halogen, hydroxyl, nitro, amino, C1.s alkyl group, Cas cycloalkyl, Co.¢ alkenyl, Co-
s alkynyl, C alkoxy, Ci¢ alkyl having a 3- to 7-membered cycloalky! substituent, C1.s
haloalkyl, C1.s alkyl having a C1.s alkoxy substituent, C1.s haloalkoxy, Czs acyl, Ce-10 aryl, or

an aralkyl group having a Ce-10 aryl moiety and a Ci.s alkylene moiety;
tis1,2,3,0r4;
uist,2,3,4,or5;

R* is CH20H, COH, COOCH;CONRXR*5, SO3H,

0 (0]

o o o o o

l
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each R* and RX is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R¥ is independently H, Ci_s alkyl, Co-¢ alkenyl, or Co alkynyl.

[0326] In some embodiments, R*' represents hydrogen, halogen, hydroxyl, nitro, amino, cyano,
carboxyl, an alkyl group having 1-8 carbon atoms, a 3- to 7-membered cycloalkyl group, an
alkenyl group having 2-8 carbon atoms, an alkynyl group having 2-8 carbon atoms, an alkoxy
group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a 3- to 7-
membered cycloalkyl substituent, an alkyl group having 1-8 carbon atoms and having a
halogen substituent, an alkyl group having 1-8 carbon atoms and an alkoxy substituent having
1-8 carbon atoms, an alkoxy group having 1-8 carbon atoms and having a halogen substituent,
an acyl group having 2-8 carbon atoms, an aryl group having 6-10 carbon atoms, a 5- or 6-
membered heterocyclic group, an aralky! group having an aryl moiety of 6- 10 carbon atoms
and an alkylene moiety of 1-8 carbon atoms, or an alky! group having 1-8 carbon atoms and a
5- or 6-membered heteracyclic substifuent.

[0327] In some embodiments, R?? represents hydrogen, an alkyl group having 1-8 carbon
atoms, an alkenyl group having 2-8 carbon atoms, an alkyl group having 1-8 carbon atoms and
having a 3- to 7-membered cycloalky! substituent, an alkyl group having 1-8 carbon atoms and
having a halogen substituent, an alkyl group having 1-8 carbon atoms and having an alkoxy
substituent having 1-8 carbon atoms, an acyl group having 2-8 carbon atoms, an aryl group
having 6-10 carbon atoms, or an aralkyl group having an aryl moiety of 6-10 carbon atoms and
an alkylene moiety of 1-8 carbon atoms.

[0328] In some embodiments, each of R?®, R%, R® and R% independently represents
hydrogen, an alkyl group having 1-8 carbon atoms, or an alkyl group having 1-8 carbon atoms

and having a halogen substituent.
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[0329] In some embodiments, Y2 is axygen, sulfur, NR?® or a bond, R?® representing hydrogen,
an alkyl group having 1-8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a
halogen substituent, an acyl group having 2-8 carbon atoms, or an alkenyl group having 2-8

carbon atoms.

[0330] In some embodiments, Q? represents hydrogen, halogen, hydroxyl, nitro, amino, an
alkyl group having 1-8 carbon atoms, a 3- to 7-membered cycloalkyl group, an alkenyl group
having 2-8 carbon atoms, an alkyny! group having 2-8 carbon atoms, an alkoxy group having 1-
8 carbon atoms, an alkyl group having 1-8 carbon atoms and having a 3- to 7-membered
cycloalkyl substituent, an alky! group having 1-8 carbon atoms and having a halogen
substituent, an alkyl group having 1-8 carbon atoms and an alkoxy substituent having 1-8
carbon atoms, an alkoxy group having 1-8 carban atoms and having a halogen substituent, an
acyl group having 2-8 carbon atoms, an aryl group having 6-10 carbon atoms, or an aralky!

group having an aryl moiety of 6- 10 carbon atoms and an alkylene moiety of 1-8 carbon atoms.
[0331] in some embodiments, tis an integer of 1 to 4.

[0332] In some embodiments, u is an integer of 1 to 5.
[0333] The compounds having the Formula (W) can also be present in the form of an optical
isomer such as enantiomer or racemic body, or a geometrical isomer such as cis or trans. Also

provided are isomers of these compounds.

[0334] The compounds having the Formula (W) can be present in the form of a
pharmaceutically acceptable salt. Examples of the salt include an alkali metal salt, such as

sodium salt, potassium salt and lithium salt.

[0335] In some embodiments, the compound of Formula (W) is a compound shown in Table 11

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.
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Table 11

Structure

Name

3-(3-(2-(3-isopropyl-6-
(trifluoromethyl)benzo[b]thiophen-
2-yl)ethyl)-5-
methylbenzo[dlisoxazol-6-
yl)propan-1-ol

HO\/\O

2-((3+(2-(3-isopropyl-6-
(triflucromethyl)benzo[b]thiophen-
2-yhethyl)-5-
methylbenzo[dlisoxazol-6-
ylhoxy)ethan-1-ol

5.2.17. Compounds of Formula (X)

[0336] In some embodiments, the compounds of the invention are compounds of Formula (X):

X)

R1

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R'is hydrogen, halogen, Ci.4 alkyl, C14 haloalkyl, CN, C1.4 alkoxy, C1.4 haloalkoxy, or Cas

cycloalkyl!,
Q'is CHorN;
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RZis hydrogen, halogen, CN, Ci.4 alkyl, C1.4 haloalkyl, Cs cycloalkyl, Cs4 alkoxy, Ci4
haloalkoxy, S(Ci- alkyl), SO2(C1.4-alkyl), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, C=C-R?, O(CHz)mR?%, NH(C1.4 alkyl), N(C1.4 alkyl)2, or C(O)(C1.4 alkyl), wherein
aryl and heteroaryl are unsubstituted or substituted with halogen, OH, CN, C..4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and whereinmis 1, 2, or 3;

Xis1or2;

R2A and R are each independently C1.4 alkyl, C1.4 haloalkyl, or Cs.6 cycloalkyl,
each R®js independently hydrogen, halogen, C14 alkyl, CN, or C1.4 alkoxy;

R® is CHs or CDs;

R* is CH,OH, COH, COOCH,CONR*R*, SO3H,

’ ) 1 )

0. AN S, S SN s H ° o
o
N
ER/N 7"3?1) ﬂ/ RSN %‘O_%_NHz ||=||’—NH2 %%’“NHz
, S , , ORY OR¥ | O ,
- OH OH i o T
— OH
N \
b AN TN ] /\f‘j
o’ of 0 o

o S 0 S
(( %N f(N f(
N\<N\; N\< \ég N\< \5 N\<N\f
( o r S ’ r S or ( o
each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle; and

each R*® and R¥ is independently H, C1s alkyl, Co6 alkenyl, or Cz— alkynyl.
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CF3
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N
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/\;\/\/O
HO
In some embodiments, the compound is (“Compound

VI"), or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

5.2.18. Compounds of Formula (Y)
[0337] In some embodiments, the compounds of the invention are compounds of Formula (Y):

RZ
‘7/\ /(Rzo)x
J

1
e

N

/
R3
1

N
RX\/Y/\/O\[‘/\&
R

(Y)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R'is hydrogen, halogen, C1.4 alkyl, C1.4 haloalkyl, CN, C1.4 alkoxy, C1. haloalkoxy, or Cs.6
cycloalkyl;

Q'is CHorN;

R? is hydrogen, halogen, CN, Ci.4 alkyl, C1.4 haloalkyl, Css cycloalkyl, Cq alkoxy, Ci4
haloalkoxy, $(Ci.4 alkyl), SO2(C1.4-alkyl), 5- or 8-membered heterocycle, aryl, 5-membered
heteroaryl, C=C-R*, O(CH2)»R?*, NH(C14 alkyl), N(C1.4 alkyl)2, or C(O)(C1.« alky!), wherein
aryt and heteroaryl are unsubstituted or substituted with halogen, OH, CN, Ci.4 alkyl, formyl,

acetyl, acetoxy, or carboxy, and whereinm s 1, 2, or 3;
xis 1or2;
R?* and R?® are each independently Cs.4 alkyl, C14 haloalkyl, or Ca.5 cycloalkyl;
each R is independently hydrogen, halogen, C1.4 alkyl, CN, or C14 alkoxy;
R3is CH; or CDs;
R* is CH20H, COH, COOCH,CONRX*RX5, SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*¢

together with the carbon atom to which R** and R*® are attached form a heterocycle; and
each R*® and R* is independently H, C1-¢ alkyl, Cas alkenyl, or Cos alkynyl.

5.2.19. Compounds of Formula (Z)

[0338] In some embodiments, the compounds of the invention are compounds of Formula (Z):

(R”’)x

7

/“\

Q

N

X

R7<\A/

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
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R is hydrogen, halogen, Ci.4 alkyl, C1.4 haloalkyl, CN, C1.4 alkoxy, C14 haloalkoxy, or Css
cycloalkyl;

Q'is CHorN;

R2 is hydrogen, halogen, CN, C1. alkyl, C1.4 haloalkyl, Css cycloalkyl, C14 alkoxy, Ci.«
haloalkoxy, S(C+.4 alkyl), SO2(C1s-alkyl), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, CEC-R?, O(CH2)mR?8, NH(C1.4 alkyl), N(C14 alkyl)z, or C(O)(C1.4 alkyl), wherein
aryl and heteroaryl are unsubstituted or substituted with halogen, OH, CN, C1.4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and whereinmiis 1, 2, or 3;

Xis 1or2;

R2* and R?® are each independently Ci.4 alkyl, C1.4 haloalkyl, or Css cycloalkyl;
each R®is independently hydrogen, halogen, Ci4 alkyl, CN, or C1.4 alkoxy;
R®is CHs or CD3;

RX is CH.OH, COH, COOCH,CONR**R*®, SO;H,

o o o \
Q\o}‘,gf ,/«]:_0( ,\/@ ,‘/&0,

i ° 9 P10
O-—P-ORXS o—-—P—o——P——ORX5 O——P—O—IT—O——P—ORXG
l ORX8 ’ l ORX® éRxe ’ "“4 (IDRxe ORX6 (Iijs ,
o
(I? ll H
&ﬂ/ C%N —o0— PN, %—T-—NHQ %—ﬁ—NHz
, ORX"  ORX
N—N OH OH Q
4 \\N N—l\\l\ OH OH
A H o o’ o 0 , o ,
o) S o) )

102



WO 2022/189856 PCT/1B2022/000106

each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX®
together with the carbon atom to which R** and R*® are attached form a heterocycle; and

each R*® and R* is independently H, C1_s alky!, Co—s alkenyl, or Cz-¢ alkynyl.

5.2.20. Compounds of Formula (AA)

[0339] In some embodiments, the compounds of the invention are compounds of Formula (AA):

R? 20
SR,

AN

—N

N/

0 R3

R’l
(AA)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
L is (CH2)s, which is unsubstituted or substituted by one methyl group;

R’ is hydrogen, halogen, C1.4 alkyl, C1.4 haloalkyl, CN, Ci.4 alkoxy, C1.4 haloalkoxy, or Ca
cycloalkyl;

R? is hydrogen, halogen, CN, C1.4 alkyl, C1-4 haloalkyl, Ca¢ cycloalkyl, Ci4 alkoxy, Ci4
haloalkoxy, $(Ci.s alkyl), SO(C.s-alky!), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, C=C-R?*, O(CH2)mR?5, NH(C1.4 alkyl), N(C1.4 alkyt)z, or C(O)(C1-s alkyl), wherein
aryl and heteroaryl are unsubstituted or substituted with halogen, OH, CN, C1.4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and wherein mis 1, 2, or 3;

xisOor1;

R? and R?® are each independently Cq.4 alkyl, C1.4 haloalkyl, or Cs.5 cycloalkyl;
R? is C1.4 haloalkyl, NO;, CN, halogen, or C(O)O(Cy.4 alkyl);

R%is hydrogen, halogen, C1.4 alkyl, CN, or C14 alkoxy;

R¥ is CH,OH, COH, COOCH,CONR**R*5, SO;H,
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each R™ and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*

together with the carbon atom to which R** and R*® are attached form a heterocycle; and
each R*® and RX is independently H, Ci-s alkyl, C2_s alkenyl, or C.— alkynyl.

5.2.21. Additional Compounds

[0340] In some embodiments, the compound of the invention is

o)
/©1\/\OH
N
CFB‘Q\N\/ N s

N

(“Compound VII") or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof.

[0341] In some embodiments, the compound of the invention is
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/\

S\/g\/o
HO\/\O/Q/ [ j\ oF

(“Compound VIII") or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug

Q)

3

thereof.

5.3. Compositions of the invention
[0342] In some embodiments, the compositions of the invention comprise (i) an effective

amount of a compound of the invention and (ii) a pharmaceutically acceptable carrier or vehicle.

[0343] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some embodiments, the
compositions of the invention comprise (i) an effective amount of a racemate of Compound | or
a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof and (ii) a
pharmaceutically acceptable carrier or vehicle. In some embodiments, the compositions of the
invention comprise (i) an effective amount of a mixture of enantiomers of Compound | or a
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof and (ii) a
pharmaceutically acceptable carrier or vehicle. In some embodiments, the compositions of the
invention comprise (i) an effective amount of Compound | or a pharmaceutically acceptable
salt, solvate, ester, amide, or prodrug thereof, wherein Compound | has an hydroxyl-bearing
allylic carbon atom having an (R)-enantiomer, and (ii) a pharmaceutically acceptable carrier or
vehicle. In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof, wherein Compound | has an hydroxyl-bearing allylic carbon atom having an (R)-
enantiomer, and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the compositions
are substantially free of the (S)-enantiomer of Compound | or a pharmaceutically acceptable
salt or thereof. In some embodiments, the compositions of the invention comprise (i) an
effective amount of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug thereof, wherein Compound | has an hydroxyl-bearing allylic carbon atom having an
(S)-enantiomer, and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of Compound
I or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound | has an hydroxyl-bearing allylic carbon atom having an (S)-enantiomer, and (ii) a
pharmaceutically acceptable carrier or vehicle, wherein the compositions are substantially free
of the (R)-enantiomer of Compound | or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof. In some embodiments, the compositions of the invention comprise (i)

an effective amount of a non-racemic mixture of an (R)-enantiomer and an (S)-enantiomer of
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Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof
and (ii) a pharmaceutically acceptable carrier or vehicle. In some embodiments, the non-
racemic mixture has an excess of (R)-enantiomer relative to (S)-enantiomer. In some
embodiments, the non-racemic mixture has an excess of (S)-enantiomer relative to (R)-

enantiomer.

[0344] In some embodiments, the compositions of the invention comprise (i) an effective
amount of a (Z)-isomer of Compound | or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of a (Z)-
isomer of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the compositions are
substantially free of the (E)-isomer of Compound | or a pharmaceutically acceptable salt or
thereof. In some embodiments, the compositions of the invention comprise (i) an effective
amount of an (E)-isomer of Compound | or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of an (E)-
isomer of Compound | or a pharmaceutically acceptable szalt, solvate, ester, amide, or prodrug
thereof and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the compositions are
substantially free of the (Z)-isomer of Compound | or a pharmaceutically acceptable salt,
solvate, ester, amide, or prodrug thereof. In some embodiments, the compositions of the
invention comprise (i) an effective amount of a non-equal mixture of a (Z)-isomer and an (E)-
isomer of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some embodiments, the
non-equal mixture has an excess of (Z)-isomer relative to (E}-isomer. In some embodiments,

the non-equal mixture has an excess of (E)-isomer relative to (Z)-isomer.

[0345] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof, wherein Compound | is an (Z)-isomer and has an hydroxyl-bearing allylic carbon atom
having an (R)-stereochemistry, and (i) a pharmaceutically acceptable carrier or vehicle,. In
some embodiments, the compositions of the invention comprise (i) an effective amount of
Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein Compound | is an (Z)-isomer and has an hydroxyl-bearing allylic carbon atom having
an (R)-stereochemistry, and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the
compositions are substantially free of Compounds ((2)-(S)-1), ((E)-(R)-1), or ((E)-(S)-1), or a
pharmaceutically acceptable salt or thereof. In some embodiments, the compositions of the
invention comprise (i) an effective amount of Compound | or a pharmaceutically acceptable

salt, solvate, ester, amide, or prodrug thereof, wherein Compound | is an (Z)-isomer and has an
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hydroxyl-bearing allylic carbon atom having an (S)-stereochemistry, and (ii) a pharmaceutically
acceptable carrier or vehicle. In some embodiments, the compositions of the invention
comprise (i) an effective amount of Compound | or a pharmaceutically acceptable salt, solvate,
ester, amide, or prodrug thereof, wherein Compound | is an (Z)-isomer and has an hydroxyl-
bearing allylic carbon atom having an (S)-stereochemistry, and (i) a pharmaceutically
acceptable carrier or vehicle, wherein the compositions are substantially free of Compounds
((Z)«(R)-1}, ((E)-(R)-1), or ((E)-(S)-1), or a pharmaceutically acceptable salt or thereof. In some
embodiments, the compositions of the invention comprise (i) an effective amount of Compound
I or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound | is an (E)-isomer and has an hydroxyl-bearing allylic carbon atom having an (R)-
stereochemistry, and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compasitions of the invention comprise (i) an effective amount of Compound
| or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound | is an (E)-isomer and has an hydroxyl-bearing allylic carbon atom having an (R)-
stereochemistry, (ii) a pharmaceutically acceptable carrier or vehicle, wherein the compositions
are substantially free of Compounds (E)-(S)-1), ((Z)-(R)-1), or ((Z)-(S)-1), or a pharmaceutically
acceptable salt or thereof. In some embodiments, the compositions of the invention comprise (i)
an effective amount of Compound | or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof, wherein Compound | is an (E)-isomer and has an hydroxyl-bearing
allylic carbon atom having an {S)-stereochemistry, and (ii) a pharmaceutically acceptable
carrier or vehicle. In some embodiments, the compositions of the invention comprise (i) an
effective amount of Compound | or a pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug thereof, wherein Compound | is an (E)-isomer and has an hydroxyl-bearing allylic
carbon atom having an (S)-stereochemistry, and (ii) a pharmaceutically acceptable carrier or
vehicle, wherein the compositions are substantially free of Compounds ((E)-(R)-1), ((Z)-(R)-1), or

((Z)-(S)-1), or a pharmaceutically acceptable salt or thereof.

[0346] In some embodiments, the composition of the invention comprises (i) an effective
amount of Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (i) a pharmaceutically acceptable carrier or vehicle. In some embodiments, the
composition of the invention comprises (i) an effective amount of a (Z)-isomer of Compound Ii
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof and (ii) a
pharmaceutically acceptable carrier or vehicle. in some embodiments, the composition of the
invention comprises (i) an effective amount of a (Z)-isomer of Compound |l or a
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof and (ii) a
pharmaceutically acceptable carrier or vehicle, wherein the compositions are substantially free
of the (E)-isomer of Compound Il or a pharmaceutically acceptable salt or thereof. In some
embodiments, the composition of the invention comprises (i) an effective amount of an (E)-

isomer of Compound il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
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thereof and (ii) a pharmaceutically acceptable carrier or vehicle. in some embodiments, the
composition of the invention comprises (i) an effective amount of an (E)-isomer of Compound ||
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof and (ii) a
pharmaceutically acceptable carrier or vehicle, wherein the compositions are substantially free
of the (Z)-isomer of Compound |l or a pharmaceutically acceptable salt or thereof. In some
embodiments, the compositions of the invention comprise (i) an effective amount of a non-equal
mixture of a (Z)-isomer and an (E)-isomer of Compound Il or a pharmaceutically acceptable
salt, solvate, ester, amide, or prodrug thereof and (ii) a pharmaceutically acceptable carrier or
vehicle. In some embodiments, the non-equal mixture has an excess of (Z)-isomer relative to
(E)-isomer. In some embodiments, the non-equal mixture has an excess of (E)-isomer relative
to (Z)-isomer.

[0347] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some embodiments,
the compositions of the invention comprise (i) an effective amount of a racemate of Compound
lIl or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof and (i) a
pharmaceutically acceptable carrier or vehicle. In some embodiments, the compositions of the
invention comprise (i) an effective amount of a mixture of enantiomers of Compound lil or a
pharmaceutically acceptable salt, scivate, ester, amide, or prodrug thereof and (i) a
pharmaceutically acceptable carrier or vehicle. In some embodiments, the compositions of the
invention comprise (i) an effective amount of Compound Il or a pharmaceutically acceptable
salt, solvate, ester, amide, or prodrug thereof, wherein Compound Ill has an hydroxyl-bearing
allylic carbon atom having an (R)-enantiomer, and (ii) a pharmaceutically acceptable carrier or
vehicle. In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound lll or a pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug thereof, wherein Compound lil has an hydroxyl-bearing allylic carbon atom having an
{R)-enantiomer, and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the
compositions are substantially free of the (S)-enantiomer of Compound Ill or a pharmaceutically
acceptable salt or thereof. In some embodiments, the compositions of the invention comprise (i)
an effective amount of Compound 1l or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof, wherein Compound Ill has an hydroxyl-bearing allylic carbon atom
having an (S)-enantiomer, and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of Compound
It or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound Ill has an hydroxyl-bearing allylic carbon atom having an (S)-enantiomer, and (ii) a
pharmaceutically acceptable carrier or vehicle, wherein the compositions are substantially free
of the (R)-enantiomer of Compound Ill or a pharmaceutically acceptable salt, solvate, ester,

amide, or prodrug thereof. In some embodiments, the compositions of the invention comprise (i)
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an effective amount of a non-racemic mixture of an (R)-enantiomer and an (S)-enantiomer of
Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof
and (ii) a pharmaceutically acceptable carrier or vehicle. In some embodiments, the non-
racemic mixture has an excess of (R)-enantiomer relative to (S)-enantiomer. In some
embodiments, the non-racemic mixture has an excess of (S)-enantiomer relative to (R)-

enantiomer.

[0348] In some embodiments, the compositions of the invention comprise (i) an effective
amount of a (Z)-isomer of Compound Ill or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of a (Z)-
isomer of Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (ii} a pharmaceutically acceptable carrier or vehicle, wherein the compositions are
substantially free of the (E)-isomer of Compound Ilf or a pharmaceutically acceptable salt or
thereof. In some embodiments, the compositions of the invention comprise (i) an effective
amount of an (E)-isomer of Compound Ill or a pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of an (E)-
isomer of Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the compositions are
substantially free of the (Z)-isomer of Compound lll or a pharmaceutically acceptable salt,
solvate, ester, amide, or prodrug thereof. In some embodiments, the compositions of the
invention comprise (i) an effective amount of a non-equal mixture of a (Z)-isomer and an (E)-
isomer of Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof and (ii) a pharmaceutically acceptable carrier or vehicle. In some embodiments, the
non-equal mixture has an excess of (Z)-isomer relative to (E)-isomer. In some embodiments,

the non-equal mixture has an excess of (E)-isomer relative to (Z)-isomer.

[0349] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound Ill or a pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug thereof, wherein Compound Il is an (Z)-isomer and has an hydroxyl-bearing allylic
carbon atom having an (R)-stereochemistry, and (ii) a pharmaceutically acceptable carrier or
vehicle,. In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound Il or a pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug thereof, wherein Compound [l is an (Z)-isomer and has an hydroxyl-bearing allylic
carbon atom having an (R)-stereochemistry, and (ii} a pharmaceutically acceptable carrier or
vehicle, wherein the compositions are substantially free of Compounds ((Z)-(S)-Ill), ((E)-(R)-Ifl),
or ((E)-(S)-1ll), or a pharmaceutically acceptable salt or thereof. In some embodiments, the

compositions of the invention comprise (i) an effective amount of Compound lll or a
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pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein Compound
lIl'is an (Z)-isomer and has an hydroxyl-bearing allylic carbon atom having an (S)-
stereochemistry, and (i) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of Compound
HIl or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound Il is an (Z)-isomer and has an hydroxyl-bearing allylic carbon atom having an (S)-
stereochemistry, and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the
compositions are substantially free of Compounds ((2)-(R)-II), ((E}-(R)-lil), or ((E)-(S)-HII), or a
pharmaceutically acceptable salt or thereof. In some embodiments, the compositions of the
invention comprise (i) an effective amount of Compound Il or a pharmacedtically acceptable
salt, solvate, ester, amide, or pradrug thereof, wherein Compound Il is an (E)-isomer and has
an hydroxyl-bearing allylic carbon atom having an (R)-stereochemistry, and (i) a
pharmaceutically acceptable carrier or vehicle. In some embodiments, the compositions of the
invention comprise (i) an effective amount of Compound 11l or a pharmaceutically acceptable
salt, solvate, ester, amide, or prodrug thereof, wherein Compound Il is an (E)-isomer and has
an hydroxyl-bearing allylic carbon atom having an (R)-stereochemistry, (ii) a pharmaceutically
acceptable carrier or vehicle, wherein the compositions are substantially free of Compounds
(E)-(S)-I), ((Z)-(R)-INN), or ((Z)-(S)-I!), or a pharmaceutically acceptable salt or thereof. In some
embodiments, the compositions of the invention comprise (i) an effective amount of Compound
il or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound Hl is an (E)-isomer and has an hydroxyl-bearing allylic carbon atom having an (S)-
stereochemistry, and (ii) a pharmaceutically acceptable carrier or vehicle. In some
embodiments, the compositions of the invention comprise (i) an effective amount of Compound
HI or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein
Compound lll is an (E)-isomer and has an hydroxyl-bearing allylic carbon atom having an (S)-
stereochemistry, and (ii) a pharmaceutically acceptable carrier or vehicle, wherein the
compositions are substantially free of Compounds ((E)-(R)-1l1}, ((Z)-(R)-1), or ((Z)~(S)-1lI), or a

pharmaceutically acceptable salt or thereof.

[0350] In some embodiments, the compositions of the invention comprise (i} an effective
amount of Compound IV or a pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug thereof and (i) a pharmaceutically acceptable carrier or vehicle.

[0351] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound V or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug

thereof and (ii) a pharmaceutically acceptable carrier or vehicle.

[0352] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound V1 or a pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle.
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[0353] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound Vla or a pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle.

[0354] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound VIb or a pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle.

[0355] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound Vii or a pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle.

[0356] In some embodiments, the compositions of the invention comprise (i) an effective
amount of Compound VIII or a pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug thereof and (ii) a pharmaceutically acceptable carrier or vehicle.

[0357] In some embaodiments, the compositions of the invention further comprise another

therapeutically active agent.

[0358] A composition of the invention further comprising another therapeutically active agent is
a “combination of the invention.” The present invention provides combinations of the invention.

The combination of the invention can comprise one or more therapeutically active agents.

[0359] In some embodiments, the other therapeutically active agent is a lipid lowering drug, a
statin, a cholesterol absorption inhibitor, an antibody against PCSK9, an siRNA PCSK9, an
anti-fibrotic agent, a thyroid hormone, a selective thyroid receptor-8 agonist, apoptosis signal-
regulating kinase 1 (ASK1) inhibitor, acetyl-CoA carboxylase (ACC) inhibitor, an integrin
antagonist, or a non-steroidal Farnesoid X receptor (FXR) agonist.

[0360] In some embodiments, the lipid lowering drug is gemfibrozil, fenofibrate, bezafibrate,
clofibrate, ciprofibrate, clinofibrate, etofylline, pirifibrate, simfibrate, tocofibrate, or pemafibrate. In

some embodiments, the lipid lowering drug is gemfibrozil, fenofibrate, bezafibrate, or pemafibrate.

[0361] In some embodiments, statin is atorvastatin, simvastatin, pravastatin, rosuvastatin,
fluvastatin, lovastatin, pitavastatin, mevastatin, dalvastatin, dihydrocompactin, or cerivastatin, or a
pharmaceutically acceptable salt or solvate thereof. In some embodiments, statin is atorvastatin,

simvastatin, pravastatin or rosuvastatin, or a phammaceutically acceptable salt or solvate thereof,
[0362] In some embodiments, the cholesterol absorption inhibitor is ezetimibe.

[0363] In some embodiments, the antibody against PCSK9 is evolocumab alirocumab,
bococizumab, 1D05-1gG2 (Merck), RG7652 (Genentech), LY3015014 (Eli Lilly), or LGT-209
(Novartis/Cyon Therapeutics). In some embodiments, the antibody against PCSK9 is
evolocumab or alirocumab.
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[0364] In some embodiments, the siRNA PCSK3 is an siRNA interfering with praduction of
PCSKS such as inclisiran.

[0365] In some embodiments, the anti-fibrotic agent is nitazoxamide, tizoxanide, or tizoxanide

glucuronide, nintedanib, imatinib, or a pharmaceutically acceptable salt or solvate thereof.

[0366] In some embodiments, the selective thyroid receptor-f agonist is VK2809 (Viking
Therapeutics), MGL-3196 (Madrigal Pharmaceuticals), MGL-3745 (Madrigal Pharmaceuticals),
SKL-14763, sobetirome, BCT304 (ITL Pharma), ZYT1 (Zydus Cadila), MB-0781 (Metabasis), or

eprotirome.
[0367] In some embodiments, the ASK1 inhibitor is selonsertib.
[0368] In some embodiments, the ACC inhibitor is firsocostat.

[0369] In some embodiments, the integrin antagonist is an a5B1 inhibitor or a pan integrin
inhibitor. In some embodiments, the integrin antagonist is IDL-2965 (Indalo Therapeutics). in
some embodiments, the integrin antagonist is CLT-28643 (ClanoTech AB).

[0370] In some embodiments, the integrin antagonist is 3-(6-Methoxypyridin-3-yl)-3-(4-(3-
(5.6,7,8-tetrahydro-1,8-naphthyridin-2-- yl)propyl)-1H-indazol-1-yl)propanoic acid; 3-(6-
Methoxypyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-- yl)ethy!)-1H-indazol-1-
yl)propanoic acid; 3-(6-Methoxypyridin-3-yl)-3-(4~(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2--
yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (S)-2-(((Benzyloxy)carbonyl)amino)-3-(5-(2-(5,6,7,8-
tetrahydro-1,8-naphth- yridin-2-yl)ethoxy)-2H-indazol-2-yl)propanoic acid; 3-Phenyl-3-(5-(3-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)propoxy)-1H-in- dazol-1-yl)propanoic acid; (S)-3-(6-
Methoxypyridin-3-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-yl)ethoxy)-2H-indazol-2-
yl)propanoic acid; (S)-3-(6-Methoxypyridin-3-yl)-3-(6-(2-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-
yl)ethyl)-2H-indazol-2-yl)propanoic acid; (S)-3-(6-Methoxypyridin-3-yl)-3-(6-((2-methyi-5,6,7,8-
tetrahydro-1,8-naph- thyridin-3-yl)methyl)-2H-indazol-2-yl)propanoic acid; (S)-3-(6-
Methoxypyridin-3-y1)-3-(6-(3-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-yl)propyl)-2H-indazol-2-
yl)propanoic acid; (S)-3-(6-Methoxypyridin-3-yl}-3-(6-(2-(2-methyl-5,8,7,8-tetrahydro-1,8-na-
phthyridin-3-yl)ethyl)-2H-indazol-2-yl)propanoic acid; 3-(6-Methoxypyridin-3-yl)-3-(5~(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-- yl)ethoxy)pyrazolo[4,3-b]pyridin-1-yl)propanoic acid; 3-(5-(2-
((4,5-Dihydroimidazol-2-yl)amino)ethoxy)-1H-indazol-1-y1)-3-(6-me- thoxypyridin-3-yl)propanoic
acid; 3-(5-(2-(5,6,7,8-Tetrahydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl- )-2-((2,4,6-
trimethylphenyl)sulfonamido)propanoic acid; 2-(((Benzyloxy)carbonyl)amino)-3-(5-(2-(5,8,7,8-
tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(Quinoxalin-2-y!)-3-
(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)eth- oxy)-1H-indazol-1-yl)propanoic acid; (R)-3-
(Quinoxalin-2-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl- Jethoxy)-1H-indazol-1-
yl)propanoic acid; (S)-3-(Quinoxalin-2-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl-
Jethoxy)-1H-indazol-1-yl)propanoic acid; 3-(3,5-Dichloropheny!)-3-(4~(3-(5,6,7,8-tetrahydro-1,8-
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naphthyridin-2-yl)- propyl)-1H-indazol-1-yl)propanoic acid; 3-(Quinoxalin-2-yl)-3-(4-(3-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)pro- pyl)-1H-indazol-1-yl)propanoic acid; 3-(6-Methoxypyridin-
3-y1)-3-(5-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-- yl)propyl)-1H-indazol-1-yl)propanoic acid;
3-(3,5-Dichlorophenyl)-3-(5-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)- propyl)-1H-indazol-1-
yl)propanoic acid; 3-(Quinoxalin-2-yl)-3-(5-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)pro- pyh-
1H-indazol-1-yl)propanoic acid; 3-(3-(Dimethylcarbamoyl)phenyi)-3-(5-(3-(5,6,7,8-tetrahydro-
1,8-naphthyri- din-2-yl)propyl)-1H-indazol-1-yl)propanoic acid; 3-(3-
(Dimethylcarbamoyl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyri- din-2-yl)ethyl)-1H-
indazol-1-yl)propanoic acid; 3-(Dibenzo[b,d]furan-3-yi)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2- -yl)ethyl)-1H-indazol-1-yl)propanoic acid; 3-(3-((Dimethylamino)methyl)phenyl)-
3-(5-(2-(5,6,7.8-tetrahydro-1,8-napht- hyridin-2-yl)ethyl)-1H-indazol-1-yl)propanoic acid; 3-
(Quinoxalin-2-yl)-3-(5-(2-(5,8,7,8-tetrahydro-1,8-naphthyridin-2-yl)eth- yl)-1H-indazol-1-
yhpropanoic acid; 3-(3,5-Dichlorophenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)-
ethyl)-1H-indazol-1-yl)propanoic acid; 3-(3-(Dimethylcarbamoyl)phenyl)-3-(4-(2-(5,6,7,8-
tetrahydro-1,8-naphthyri- din-2-yl)ethoxy)-1H-indazol- 1-yl)propanoic acid; 3-(Dibenzo[b,d]furan-
3-y1)-3-(4-(2-(5,6,7 8-tetrahydro-1,8-naphthyridin-2- -yl)ethoxy)-1H-indazol-1-yl)propanoic acid;
6.6,6-Trifluoro-3-(4-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yi)propyl)- -1H-indazol-1-
yhhexanoic acid; 3-(3,5-Dichlorophenyl)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)-
ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(Quinoxalin-2-yl)-3-(4-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)eth- oxy)-1H-indazol-1-yl)propanoic acid; 3-(6-Methoxypyridin-3-yl)-3-(5-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-- yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3~(3-
(Dimethylcarbamoyl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyri- din-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; (S)-2-(((Benzyloxy)carbonylyamino)-3-(5-(3-(5,6,7,8-tetrahydro-1,8-
naphth- yridin-2-yl)propyl)-1H-indazol-1-yl)propanoic acid; (R)-3-(3-
(Dimethylcarbamoyl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; (S)-3-(3-(Dimethylcarbamoyl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-
1,8-napht- hyridin-2-yhethoxy)-1H-indazol-1-yl)propanoic acid; 2-(((Benzyloxy)carbonyl)amino)-
3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (R)-3-
(6-Methoxypyridin-3-yl)-3-(5-(2-(5,6,7 8-tetrahydro-1,8-naphthyridi- n-2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; (S)-3-(6-Methoxypyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-
yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-Chloropyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-y- l)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(3,5-Dichlorophenyl)-3-(5-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)- ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(3-Fluoro-
4-methoxyphenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin- -2-yl)ethoxy)-1H-indazol-1-
yhpropanoic acid; 3-Cyclopropyl-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethoxy)-1- H-
indazol-1-yl)propanoic acid; 3-(5-(2-(5,6,7,8-Tetrahydro-1,8-naphthyridin-2-yl)ethoxy - 1H-
indazol-1-y}- Joctanoic acid; 3-(2,3-Dihydrobenzofuran-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-
naphthyrid- in-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(Quinolin-3-yl)-3-(5-(2-(5,6,7,8-
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tetrahydro-1,8-naphthyridin-2-yl)ethox- y)-1H-indazol-1-yl)propanoic acid (48); 3-(5-(2-(5,8,7.8-
Tetrahydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl- }-3~(thiophen-2-yl)propanoic acid; 3-
(Pyridin-3-yl)-3-(5-(2-(5,8,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethoxy- )-1H-indazol-1-
yl)propanoic acid; 3-(5-(2-(5,6,7,8-Tetrahydro-1,8-naphthyridin-2-y!)ethoxy)-1H-indazol-1-yl-
Jpropancic acid; 3-(3-Cyanophenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethox- y)-
1H-indazol-1-yl)propanoic acid; 3-(5-Fluoropyridin-2-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-y- l)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(Dibenzo[b,d}furan-2-yi)-3-(5-(2-
(5.6,7,8-tetrahydro-1,8-naphthyridin-2- -yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(4,6-
Dimethylpyrimidin-2-yl)-3-(5-(2-(5,6,7 ,8-tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-1-
yhpropanoic acid; 3-(2-Methylbenzo|d]thiazol-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyr-
idin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(4-Phenoxyphenyt)-3-(5-(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yl)eth~ oxy)-1H-indazol-1-yl)propanoic acid; 3-(3-
Morpholinophenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-y1)- ethoxy)-1H-indazol-1-
ylpropanoic acid; 3-(3-(1H-Pyrrol-1-yl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin- -2-
yhethoxy)-1H-indazol-1-yl)propanoic acid; 3-(3-((Dimethylamino)methyl)phenyl)-3-(5-(2-
(5,6,7,8-tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(Pyridin-2-
y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethoxy- )-1H-indazol-1-yl)propanoic acid; 3-
(3-(2-Oxopyrrolidin-1-yl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphth- yridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; 3-(1-Propylpyrazol-4-yl)-3-(5-(2~(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-y- l)ethoxy)-1H-indazol- 1-yl)propanoic acid; (S)-3-(6-Methoxypyridin-3-yl)-3-(5-
(2-(5.6,7,8-tetrahydro-1,8-naphthyridi- n-2-yl)ethyl)-2H-indazol-2-yl)propanoic acid; (S)-3-(6-
Methoxypyridin-3-yl)-3-(6-(2-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-yl)ethoxy)-2H-indazol-2-
yl)propanoic acid; 3-(2-Methylpyrimidin-5-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2- -
ylethoxy)-1H-indazol-1-yl)propanoic acid; (S)-3~(6-Methoxypyridin-3-yi)-3-(5-(3-(5,6,7,8-
tetrahydro-1,8-naphthyridi- n-2-yl)propyl)-2H-indazol-2-yl)propanoic acid; 3-(3-(3,5-
Dimethylpyrazol-1-yl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-na- phthyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; 4-(4-(Benzyloxy)pheny!)-3-(5-(2-(5,8,7,8-tetrahydro-1,8-
naphthyridin-2-yl- Jethoxy)-1H-indazol-1-yl)butanoic acid; 3-(6-Mesthoxypyridin-3-yl)-3-(3-methyl-
5-(2-(5.6,7 8-tetrahydro-1,8-naphth- yridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(1-
Methyl-2-oxo-1,2-dihydropyridin-4-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,- 8-naphthyridin-2-yl)ethoxy)-
1H-indazol-1-yl)propanoic acid; (3S)-3-(6-Methoxypyridin-3-y1)-3-(6-(2-(1,2,3,4-tetrahydro-1,8-
naphthyrid- in-2-yhethyl)-2H-indazol-2-yl)propanoic acid; 4-Phenyl-2-((5-(2-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-yl)ethoxy)-1H-in- dazol-1-yl)methy!)butanoic acid; 3-(1-(tert-
Butoxycarbonyl)piperidin-4-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8- -naphthyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; 3-(Pyridin-4-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yhethoxy- }-1H-indazol-1-yl)propanoic acid; 2-(1-(5-(2«5,6,7,8-Tetrahydro-1,8-naphthyridin-2-
yhethoxy)-1H-indazol-1- -yl)cyclopropyl)acetic acid; 3-(2-Ethoxypyrimidin-5-y|)-3-(5-(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2- -yljethoxy)-1H-indazol-1-yl)propancic acid; 4-(4-Fluorophenyl)-3-
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(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)etho- xy)-1H-indazol-1-yl)butanoic acid; 3-(5-
Methoxypyrazin-2-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-- yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; 3-(Quinoxalin-8-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)eth- oxy)-
1H-indazol-1-yl)propanoic acid; (S)-3-(Quinolin-3-yl)-3-(6-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)e- thyl)-2H-indazol-2-yl)propanoic acid; (S)-3-(6-((2-Methyl-5,6,7,8-tetrahydro-
1,8-naphthyridin-3-yl)methy!)-2H-i- ndazol-2-yl)-3-(quinolin-3-yl)propanoic acid; (3S)-3-
(Quinolin-3-y1)-3-(6-(2-(1,2,3,4-tetrahydro-1,8-naphthyridin-2-yl)- ethyl)-2H-indazol-2-
yl)propanoic acid; (S)-3-(3-(2-Oxopyrrolidin-1-yl)phenyl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-na-
phthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (R)-3-(3-(2-Oxopyrrolidin-1-yl)phenyl)-3-
(5-(2-(5,6,7,8-tetrahydro-1,8-na- phthyridin-2-yl)ethoxy)- 1H-indazol-1-yl)propanoic acid; 3-(5-
Fluoro-6-methoxypyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphth- yridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; (S)-3-(Quinolin-3-yl}-3-(6-(3-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)p- ropyl)-2H-indazol-2-yl)propanoic acid; (3S)-3-(Quinolin-3-yl)-3-(6-(3-(1,2,3,4-tetrahydro-
1,8-naphthyridin-2-yl)- propyl)-2H-indazol-2-yl)propanoic acid; 3-(5-(Hydroxymethyl)pyridin-3-
yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthy- ridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
(6-(2-Hydroxy-2-methylpropoxy)-5-methylpyridin-3-yt)-3-(5-(2-(5,6,7,8-t- etrahydro-1,8-
naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(3,4-Dihydro-2H-pyrido[3,2-
bl[1,4]oxazin-6-yl)-3-(5-(2-(5,6,7,8-tetrahy- dro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; 3-(2-Methoxypyrimidin-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-- 2-
yh)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(2-(2-Oxopyrrolidin-1-yl)pyridin-4-yl)-3-(5-(2-
(5,6,7,8-tetrahydro-1,8-- naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
(Isoquinolin-6-yl)-3-(5-(2-(5,6,7 ,8-tetrahydro-1,8-naphthyridin-2-yl)et- hoxy)-1H-indazol-1-
yl)propanoic acid; 3-(Pyrido[2,3-b]pyrazin-7-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-
yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(1,8-Naphthyridin-2-yl)-3-(5-(2-(5,6,7,8-tetrahydro-
1,8-naphthyridin-2-- yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3~(3,4-Dihydro-2H-pyrido[3,2-
b][1,4]oxazin-7-yl)-3-(5-(2-(5,6,7,8-tetrahy- dro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; (S)-2-(((Benzyloxy)carbonyl)amino)-3-(5-((5,6,7,8~tetrahydro-1,8-naphthyr-
idin-2-yl)methoxy)-2H-indazol-2-yl)propanoic acid; (R)-3-(5-(Hydroxymethyl)pyridin-3-yl)-3-(5-
(2-(5,8,7,8-tetrahydro-1,8-nap- hthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (S)-3-(5-
(Hydroxymethyl)pyridin-3-yl)-3-(5-(2-(5,6,7 8-tetrahydro-1,8-nap- hthyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propancic acid; 3-(1,8-Naphthyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-
naphthyridin-2-- yhethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(2-Oxopyrrolidin-1-yl)pyridin-3-
y1)-3-(5-(2-(5,8,7,8-tetrahydro-1,8— naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
(5-(2-(5,6,7,8-Tetrahydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl- }-3-(1-(tetrahydro-2H-
pyran-2-yl)pyrazolo[3,4-b]pyridin-5-yl)propanoic acid; 3~(5-(1,3-Dioxolan-2-yl)pyridin-3-yl)-3-(5-
(2-(5,6,7,8-tetrahydro-1- ,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl}propanoic acid; 3-(5-
((Dimethylamino)methyl)pyridin-3-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8- -naphthyridin-2-yl)ethoxy)-
1H-indazol-1-yl)propanoic acid; 3-(1H-Pyrazolo[3,4-b]pyridin-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-
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1,8-naphth- yridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (S)-3-(2-Ethoxypyrimidin-5-yl)-3-
(5~(2-(5,6,7,8-tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (R)-3-
(2-Ethoxypyrimidin-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-
1-yl)propanoic acid; 3-(2,3-Dihydro-[1,4]dioxino[2,3-b]pyridin-7-yl)-3-(5-(2-(5,6,7,8-tetrahyd- ro-
1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(Benzo[d]thiazol-6-yl)-3-(5-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-y- l)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(2-
Morpholinopyrimidin-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-
1-yl)propanoic acid; 3-(2-(Methylamino)pyrimidin-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthy-
ridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(6-Methoxypyridin-3-y1)-3-(5-(3-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-- yl)propyl)-1H-pyrazolo[4,3-b]pyridin-1-yl)propanoic acid; 3-(6-
Methoxypyridazin-3-yl}-3-(5-(2-(5,8,7,8-tetrahydro-1,8-naphthyridin-- 2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; 3-([1,2,4]Triazolo[4,3-a]pyridin-6-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-na-
phthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5,6,7,8-Tetrahydro-1,8-naphthyridin-
2-y1)-3-(5-(2-(5,6,7,8-tetrahydro-- 1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid,;
3-(1-Methyl-1H-pyrazolo[3,4-b]pyridin-5-yl}-3~(5-(2-(5,6,7,8-tetrahydro-1- ,8-naphthyridin-2-
yhethoxy)-1H-indazol-1-yi)propanoic acid; (S)-3-(2-Methoxypyrimidin-5-yl}-3-(6-(2-(5,6,7,8-
tetrahydro-1,8-naphthyri- din-2-yl)ethyl)-2H-indazol-2-yl)propanoic acid; 3-(2-(Azetidin-1-
yhpyrimidin-5-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; 3-(2-Methyl-2H-pyrazolo[3,4-b]pyridin-5-yl}-3-(5-(2-(5,6,7,8-tetrahydro-1- ,8-
naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(Oxazol-5-yl)pyridin-3-yl)-3-(5-(2-
(5.6,7,8-tetrahydro-1,8-naphthyri- din-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(7-Ethyl-
5,6,7 ,8-tetrahydroimidazo[1,2-a]pyrazin-3-y1)-3-(5-(2-(5,6,7,8- -tetrahydro-1,8-naphthyridin-2-
yhethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(((tert-Butoxycarbonyl)amino)methyl)pyridin-3-
yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8- -naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
(5-Morpholinopyridin-3-y!)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin- -2-yi)ethoxy)-1H-
indazol-1-yl)propanoic acid; 3-(5-(Methyisulfonyl)pyridin-3-yl}-3-(5-(2-(5,6,7,8-tetrahydro-1,8-
naphth-yridin-2-yl)ethoxy)- 1H-indazol-1-y!)propanoic acid; 3-(3-Methyl-3H-imidazo[4,5-b]pyridin-
6-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,- 8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid;
3-(5-(Pyrrolidin-1-yl)pyridin-3-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; (R)-3-(Pyrido[2,3-b]pyrazin-7-yl)-3~(5-(2-(5,6,7,8-tetrahydro-1,8-
naphthy- ridin-2-yi)ethoxy}-1H-indazol-1-yl)propanoic acid; (S)-3-(Pyrido[2,3-b]pyrazin-7-yl)-3-
(5-(2-(5,6,7,8-tetrahydro-1,8-naphthy- ridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
([1,2,4]Triazolo[4,3-a]pyridin-7-yl}-3~(5-(2-(5,6,7 ,8-tetrahydro-1,8-na- phthyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; 3~(5-(Aminomethyl)pyridin-3-y!)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-
naphthyri- din-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-([1,3]Dioxolo[4,5-b]pyridin-6-yl)-3-
(5-(2-(5,6,7 8-tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3~(5-
(1,3-Dioxolan-2-yl)-6-methoxypyridin-3-y!)-3-(6-(2-(5,6,7,8-tetrahyd- ro-1,8-naphthyridin-2-
yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(6-(1H-Pyrazol-1-yl)pyridin-2-yl)-3-(5-(2-(5,6,7,8-
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tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(1-(Pyridin-4-yl)-1H-
pyrazol-4-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naph- thyridin-2-yl)ethoxy)-1H-indazo!-1-
yl)propanoic acid; 3-(2-Methyl-2H-pyrazolo[4,3-b]pyridin-6-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1- ,8-
naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(1-Methyl-1H-pyrazolo[4,3-
b]pyridin-6-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1- ,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; (R)-3-(5-(1,3-dioxolan-2-yl)pyridin-3-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8- -
naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (S)-3-(5-(1,3-dioxolan-2-yl)pyridin-3-
yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8- -naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
(1-methyi-1H-imidazo[4,5-b]pyridin-6-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,- 8-naphthyridin-2-
yt)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(1H-pyrazol-5-yl)pyridin-3-yl)-3-(5-(2-(5,6,7,8-
tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(6-
morpholinopyrazin-2-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin- -2-yl)ethoxy)-1H-indazol-1-
ylpropanoic acid; 3-(5-(1-methyi-1H-pyrazol-4-yl)pyridin-3-yl)-3-(5-(2-(5,8,7,8-tetrahydro-- 1,8-
naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(2-hydroxypropan-2-yl)pyridin-3-
y)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-- naphthyridin-2-yl)ethoxy)-1H-indazol-1-y!)propanoic acid;
(R)-3-(5~(2-hydroxypropan-2-yl)pyridin-3-y!)-3-(5-(2-(5,8,7,8-tetrahydro-- 1,8-naphthyridin-2-
yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (S)-3-(5-(2-hydroxypropan-2-yl)pyridin-3-y1)-3-(5-(2-
(5,6,7,8-tetrahydro~ 1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (R}-3-(2-
methoxypyrimidin-5-yl}-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyri- din-2-yl)ethoxy)-1H-indazol-1-
yhpropanoic acid; (S)-3~(2-methoxypyrimidin-5-y!)-3~(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyri- din-
2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(6-methoxypyrazin-2-y|}-3-(5-(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-- yl)ethoxy)-1H-indazol-1-yl)propancic acid; (R)-3-(5-(2-
oxopyrrolidin-1-yl)pyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-- 1,8-naphthyridin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; (S)-3-(5-(2-oxopyrrolidin-1-yl)pyridin-3-yi)-3-(5-(2-(5,6,7,8-
tetrahydro-- 1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propancic acid; 3-(5-(morpholine-4-
carbonyl)pyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8- -naphthyridin-2-yl)ethoxy)-1H-indazol-1-
yl)propanoic acid; 3-(5-(dimethylcarbamoyl)pyridin-3-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-nap-
hthyridin-2-ylethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(4-methylpiperazine-1-
carbonyl)pyridin-3-y1}-3-(5-(2~(5,6,7,8-tetrah- ydro-1,8-naphthyridin-2-yl)ethoxy)- 1H-indazol-1-
yl)propanoic acid; 3-(5-cyclopropylpyridin-3-yt)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridi- n-2-
yhethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(4-methylpiperazin-1-yl)pyridin-3-yi)-3-(5-(2-
(5.8,7,8-tetrahydro-1,- 8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanocic acid; 3-(5-
(azetidine-1-carbonyh)pyridin-3-yi)-3-(5~(2~(5,6,7,8-tetrahydro-1,8-- naphthyridin-2-yl)ethoxy)-
1H-indazol-1-yl)propanoic acid; 3-(5-((2-(dimethylamino)ethyl)carbamoyl)pyridin-3-y1)-3-(5-(2-
(5,6,7.,8-te- trahydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol- 1-yl)propanocic acid; (S)-3-(2-
methylpyrimidin-5-yl)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyrid- in-2-yl)ethoxy)-1H-indazol-1-
yhpropanoic acid; (R)-3-(2-methylpyrimidin-5-y1)-3-(6-(2~(5,8,7,8-tetrahydro-1,8-naphthyrid- in-
2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(1H-pyrazol-1-yl)pyridin-3-y)-3~(5-(2-(5,6,7.8-
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tetrahydro-1,8-napht- hyridin-2-yi)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(2-(5,6,7,8-
tetrahydro-1,8-naphthyridin-2-yi)ethoxy)-1H-indazol-1-yl- )hexancic acid; 3-(5-
(dimethylamino)pyridin-3-y1)-3-(5-(2(5,6,7,8-tetrahydro-1,8-naphthyr- idin-2-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; 3-cyclohexyl-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yl)ethoxy)-1H- -indazol-1-yl)propanoic acid; (R)-3-(5-(methylsuffonyl)pyridin-3-yl)-3-(5-(2-
(5,6,7,8-tetrahydro-1,8-na- phthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (S)-3-(5-
(methy! sulfonyl)pyridin-3-y1)-3-(5-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)- ethoxy)-1H-
indazol-1-yl)propanoic acid; 3-(5-(((methoxycarbonylyamino)methyl)pyridin-3-yl)-3-(5-(2-

(5,8,7 8-tetra- hydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; (R)-3-(5-
(((methoxycarbonyl)amino)methy!)pyridin-3-yl)-3-(5-(2-(5,6,7,8-t- etrahydro-1,8-naphthyridin-2-
yhethoxy)-1H-indazol-1-yi)propanoic acid; (S)-3-(5~(((methoxycarbony!)amino)methyl)pyridin-3-
y1)-3-(5-(2-(5,6,7,8-t- etrahydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yl)propanoic acid; 3-
(5-(methylsulfonamidomethyl)pyridin-3-yi)-3-(5-(2-(5,6,7,8-tetrahydro-1- ,8-naphthyridin-2-
yhethoxy)-1H-indazol-1-yl)propanoic acid; 3-(5-(acetamidomethyl)pyridin-3-yl)-3-(5-(2-(5,6,7,8-
tetrahydro-1,8-napht- hyridin-2-yl)ethoxy)- 1H-indazol-1-yl)propanocic acid; 3-(5-(2-(5,6,7,8-
Tetrahydro-1,8-naphthyridin-2-yl)ethoxy)-1H-indazol-1-yi- }-3-(5,6,7,8-tetrahydro-1,8-
naphthyridin-3-yl)propanoic acid; 4-((6-(2-Carboxy-1-(5-(2-(5.6,7,8-tetrahydro-1,8-naphthyridin-
2-yl)ethoxy- )-1H-indazol-1-yl)ethyl)pyrazin-2-ylyamino)butanoic acid; 3-(6-Methoxypyridin-3-yl)-
3-(4-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-- yl)ethyl)-1H-indazol-1-yl)propanoic acid; (R)-3-
(5-(2-((R)-7-methyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethoxy- }-1H-indazol-1-yl}-3-(2-
methylpyrimidin-5-yl)propanoic acid; (S)-3-(5-(2-((R)-7-methyl-5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)ethoxy- )-1H-indazol-1-yl)-3~(2-methylpyrimidin-5-yl)propanoic acid; (R)-3-(5-
(2-((8)-7-methy!-5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethoxy- )-1H-indazol-1-yl)-3-(2-
methylpyrimidin-5-yl)propanoic acid; (S)-3-(5-(2-((S)-7-methyl-5,6,7,8-tetrahydro-1,8-
naphthyridin-2-yl)ethoxy- )-1H-indazol-1-yl)-3-(2-methylpyrimidin-5-yl)propanoic acid; 3-(6-
Methoxypyridin-3-yl)-3-(5-(2-(1-methyl-1,2,3,4-tetrahydropyridof2,3-- b]pyrazin-6-yl)ethoxy)-1H-
indazol-1-yl)propanoic acid; (S)-3-(5-(2-(3,4-dihydro-2H-pyrido[3,2-b][1,4]oxazin-6-yl}ethoxy)-
1H-inda- zol-1-yl)-3-(6-methoxypyridin-3-yl)propanoic acid; and (R)-3-(6~(2-(3,4-dihydro-2H-
pyrido[3,2-b][1,4]oxazin-6-yl)ethoxy)-1H-inda- zol-1-yl)-3-(6-methoxypyridin-3-yl)propanocic acid;
or a pharmaceutically acceptable salt thereof. See US 2019/0256496, which is hereby

incorporated by reference it its entirety.

[0371] In some embodiments, the integrin antagonist is (S)-3-(3-(2-methoxyethoxy)phenyl)-4-
((R)-3-(2-(5,6,7 8-~tetrahydro-1,8-nap- hthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic acid; (S)-3-(3-
{(R)-2-methoxypropoxylphenyl)-4-((R)-3-(2-(5,6,7,8-tetrahydro-1,- 8-naphthyridin-2-
yl)ethyl)pyrrolidin-1-yl)butanoic acid; (S)-3-(3-((S)-2-methoxypropoxylphenyl)-4-4R)-3-(2-
(5,8,7,8-tetrahydro-1,8- -naphthyridin-2-yl)ethyl)pyrrolidin-1-ylYoutanoic acid; (S)-3-(3-(2-
methoxy-2-methylpropoxy)phenyl)-44(R)-3-(2-(5,6,7,8-tetrahydr- o-1,8-naphthyridin-2-
yl)ethyl)pyrrolidin-1-yl)butanoic acid; 3-(3-(((S)-1-methoxypropan-2-ylJoxy)phenyl)-4-((R)-3-(2-
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(5,6,7,8-tetrahyd- ro-1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic acid; (S)-4-((R)-3-(2-
(5,6,7,8-tetrahydro-1,8-naphthyridin-2-yl)ethy!)pyrrolidi- n-1-yt}-3-(3-(((S)-tetrahydrofuran-3-
yhoxy)phenyhbutanoic acid; (S)-4-((R)-3-(2-(5.6,7,8-tetrahydro-1,8-naphthyridin-2-
ylethyl)pyrrolidi- n-1-y1)-3-(3-(((R)-tetrahydrofuran-3-yl)oxy)phenyl)butanoic acid; (S)-3+(3,5-
Bis(2-methoxyethoxy)phenyl)-4-((R)-3-(2-(5,6,7,8-tetrahydro-1,- 8-naphthyridin-2-
yhethyl)pyrrolidin-1-ylbutanoic acid; (3S)-4-((R)-3-(2-(5,6,7,8-Tetrahydro-1,8-naphthyridin-2-
yhethyl)pyrrolid- in-1-yt)-3-(3-(tetrahydrofuran-3-yl)phenyebutanocic acid; (3S)-4-((R)-3-(2-
(5,6,7,8-Tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyrrolid- in-1-y1)-3-(3-(tetrahydrofuran-3-
yl)phenyebutanoic acid; (S)-3-(3-((1-methoxy-2-methylpropan-2-yl)oxy)phenyl)-4-4R)-3-(2-
(5,6,7,8-- tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic acid; (8)-3-(3-(((R)-1-
methoxypropan-2-yljoxy)phenyl)-4-((R)-3-(2-(5,6,7,8-tetr- ahydro-1,8-naphthyridin-2-
ylethyl)pyrrolidin-1-yl)butanoic acid; (S)-3-(3-(2-Isopropoxyethoxy)phenyl)-4-((R)-3-(2-(5,6,7,8-
tetrahydro-1,8-- naphthyridin-2-yl)ethyl)pyrrolidin-1-yl}butanoic acid; (S)-4-((R)-3-(2-(5,6,7.8-
Tetrahydro-1,8-naphthyridin-2-yl)ethyl)pyrrolidi- n-1-y1)-3-(3-(((R)-tetrahydrofuran-2-
yhmethoxy)phenyl)butanoic acid; (S)-4-((R)-3-(2-(5,6,7,8-tetrahydro-1,8-naphthyridin-2-
yhethyl)pyrrolidi- n-1-y1)-3-(3-(((S)-tetrahydrofuran-2-yl)methoxy)pheny!)butanoic acid; (S)-3-(2-
Fluoro-5-(2-methoxyethoxy)pheny!)-4-((R)-3-(2-(5,6,7,8-tetrahydr- 0-1,8-naphthyridin-2-
ylethyl)pyrrolidin-1-yl)butanoic acid; 3-(3-((1,3-Dimethoxypropan-2-yeoxy)phenyl)-4-((R)-3-(2-
(5,6,7,8-tetrahydr- 0-1,8-naphthyridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic acid; 3-(3-(2-
Fluoroethoxy)-5-(2-methoxyethoxy)pheny!)-4-((R)-3-(2-(5,6,7,8-tet- rahydro-1,8-naphthyridin-2-
yhethyl)pyrrolidin-1-yl)butanoic acid; 3-(3-(3-Methoxypropoxy)phenyl)-4-((R)-3-(2-(5,6,7,8-
tetrahydro-1,8-naphth- yridin-2-yl)ethyl)pyrrolidin-1-yl)butanoic acid; or 3-(3-(Oxetan-3-
ylmethoxy)phenyl)-4-((R)-3-(2-(5,6,7,8-tetrahydro-1,8-naph- thyridin-2-yl)ethyl)pyrrolidin-1-
yl)butanoic acid; or a pharmaceutically acceptable salt thereof. See US 2019/0112306, which is
hereby incorporated by reference it its entirety.

[0372] In some embodiments, the integrin antagonist has the structure
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pharmaceutically acceptable salt thereof. See US Patent No. 10,214,522, which is hereby
incorporated by reference it its entirety.

[G373] In some embodiments, the integrin antagonist has the structure
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OH

) Br

, or a pharmaceutically
acceptable salt thereof. See US 2018/0072684, which is hereby incorporated by reference it its
entirety.

[0374] In some embadiments, the non-steroidal Farnesoid X receptor (FXR) agonist is

cilofexor.

[0375] In some embodiments, the combinations of the invention comprise selonsertib,

firsocostat or cilofexor. In some embodiments, the combinations of the invention comprise
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selonsertib and firsocostat. In some embodiments, the combinations of the invention comprises
selonsertib and cilofexor. In some embodiments, the combinations of the invention comprises
fircosostat and cilofexor. In some embodiments, the combinations of the invention comprise

selonsertib, firsocostat and cilofexor,

[0376] In some embodiments, the pharmaceutically acceptable carrier or vehicle includes, but
is not limited to, a binder, filler, diluent, disintegrant, wetting agent, lubricant, glidant, coloring

agent, dye-migration inhibitor, sweetening agent or flavoring agent.

[0377] Binders or granulators impart cohesiveness to a tablet to ensure the tablet remaining
intact after compression. Suitable binders or granulators include, but are not limited to,
starches, such as corn starch, potato starch, and pre-gelatinized starch (e.g., STARCH 1500);
gelatin; sugars, such as sucrose, glucose, dextrose, molasses, and lactose; natural and
synthetic gums, such as acacia, alginic acid, alginates, extract of Irish moss, Panwar gum,
ghatti gum, mucilage of isabgol husks, carboxymethylceliulose, methylcellulose,
polyvinylpyrrolidone (PVP), Veegum, larch arabogalactan, powdered tragacanth, and guar gum;
celluloses, such as ethyl cellulose, cellulose acetate, carboxymethyl cellulose calcium, sodium
carboxymethyl cellulose, methyl cellulose, hydroxyethylcellulose (HEC), hydroxypropylcellulose
(HPC), hydroxypropyl methyl cellulose (HPMC); microcrystaliine celluloses, such as AVICEL-
PH-101, AVICEL-PH-103, AVICEL RC-581, AVICEL-PH-105 (FMC Corp., Marcus Hook, PA);

and mixtures thereof.

[0378] Suitable fillers include, but are not limited to, talc, calcium carbonate, microcrystalline
cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-
gelatinized starch, and mixtures thereof. In some embodiments, the binder is
hydroxypropylcellulose.

[0379] The binder or filler can be present from about 2% to about 49% by weight of the
compositions of the invention provided herein or any range within these values. In some
embodiments, the binder or filler is present in the composition of the invention from about 5% to
about 15% by weight. In some embodiments, the binder or filler is present in the composition of
the invention at about 5%, about 6%, about 7%, about 8%, about 9%, about 8%, about 10%,
about 11%, about 12%, about 13%, about 14%, or about 15% by weight or any range within
any of these values.

[0380] Suitable diluents include, but are not limited to, dicalcium phosphate, calcium sulfate,
lactose, sorbitol, sucrose, inositol, cellulose, kaolin, mannitol, sodium chioride, dry starch, and
powdered sugar. Certain diluents, such as mannitol, lactose, sorbitol, sucrose, and inositol,
when present in sufficient quantity, can impart properties to some compressed tablets that
permit disintegration in the mouth by chewing. Such compressed tablets can be used as
chewable tablets. In some embodiments, the diluent is lactose monochydrate. In some
embodiments, the diluent is lactose monohydrate Fast-Flo 316 NF.
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[0381] The compositions of the invention can comprise a diluent, e.g., from about 5% to about
49% of a diluent by weight of composition or any range between any of these values. In some
embodiments, the diluent is present in the compositions of the invention from about 156% to
about 30% by weight. In some embodiments, the diluent is present in the composition of the
invention at about 15%, about 16%, about 17%, about 18%, about 19%, about 18%, about
20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%,
about 28%, about 29%, or about 30% by weight or any range within any of these values.

[0382] Suitable disintegrants include, but are not limited to, agar; bentonite; celiuloses, such as
methylcellulose and carboxymethylcellulose; wood products; natural sponge; cation-exchange
resins; alginic acid; gums, such as guar gum and Veegum HV; citrus pulp; cross-linked
celluloses, such as croscarmellose; cross-linked polymers, such as crospovidone; cross-linked
starches; calcium carbonate; microcrystalline cellulose, such as sodium starch glycolate;
polacrilin potassium; starches, such as corn starch, potato starch, tapioca starch, and pre-
gelatinized starch; clays; aligns; and mixtures thereof. The amount of disintegrant in the
compositions of the invention can vary. In some embodiments, the disintegrant is
croscarmellose sodium. In some embodiments, the disintegrant is croscarmeliose sodium NF
(Ac-Di-Sol).

[0383] The compositions of the invention can comprise a disintegrant, e.g., from about 0.5% to
about 15% or from about 1% to about 10% by weight of a disintegrant. In some embaodiments,
the compositions of the invention comprise a disintegrant in an amount of about 5%, about 6%,
abaut 7%, about 8%, about 9%, about 8%, about 10%, about 11%, about 12%, about 13%,
about 14%, or about 15% by weight of the composition or in any range within any of these

values.

[0384] Suitable lubricants include, but are not limited to, calcium stearate; magnesium stearate;
mineral oil; light mineral oil; glycerin; sorbitol; mannitol; glycols, such as glycerol behenate and
polyethylene glycol (PEG); stearic acid; sodium lauryl sulfate; taic; hydrogenated vegetable oil,
including peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, and soybean oil;
zinc stearate; ethyl oleate; ethyl laureate; agar; starch; lycopodium; silica or silica gels, such as
AEROSIL® 200 (W.R. Grace Co., Baltimore, MD) and CAB-O-SIL® (Cabot Co. of Boston, MA);

and mixtures thereof. In some embodiments, the lubricant is magnesium stearate.

[0385] The compositions of the invention can comprise a lubricant, e.g., about 0.1 to about 5%
by weight of a lubricant. In some embodiments, the compositions of the invention comprise a
lubricant in an amount of about 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 0.8%, 1.0%, 1.1%, 1.2%, 1.3%,
1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%,

2.9%, or 3.0%, by weight of the composition or in any range within any of these values.

[0386] Suitable glidants include colloidal silicon dioxide, CAB-O-SIL® (Cabot Co. of Boston,
MA), and talc, including asbestos-free talc.
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[0387] Coloring agents include any of the approved, certified, water soluble FD&C dyes, and
water insoluble FD&C dyes suspended on alumina hydrate, and color lakes and mixtures
thereof.

[0388] Flavoring agents include natural flavors extracted from plants, such as fruits, and
synthetic blends of compounds that provide a pleasant taste sensation, such as peppermint
and methyl salicylate.

[0389] Sweetening agents include sucrose, lactose, mannitol, syrups, glycerin, sucralose, and

artificial sweeteners, such as saccharin, stevioside (Stevia) and aspartame.

[0390] Suitable emulsifying agents include gelatin, acacia, tragacanth, bentonite, and
surfactants, such as polyoxyethylene sorbitan monooleate (TWEEN® 20), polyoxyethylene
sorbitan monoocleate 80 (TWEEN® 80), and triethanolamine oleate. Suspending and dispersing
agents include sodium carboxymethylcellulose, pectin, tragacanth, Veegum, acacia, sodium
carbomethylcellulose, hydroxypropyl methylceliulose, and polyvinylpyrolidone. Preservatives
include glycerin, methyl and propylparaben, benzoic add, sodium benzoate and alcohol.
Wetting agents include propylene glycol monostearate, sorbitan monooleate, diethylene glycol

monolaurate, and polyoxyethylene lauryl ether.
[0391] Solvents include glycerin, sorbitol, ethyl alcohol, and syrup.

[0392] Examples of non-aqueous liquids utilized in emulsions include mineral oil and
cottonseed oil. Organic acids include citric and tartaric acid. Sources of carbon dioxide include

sodium bicarbonate and sodium carbonate.

[0393] The compounds of the invention and the compositions of the invention can be
formulated for administration by a variety of means including orally, parenterally, by inhalation
spray, topically, or rectally in formulations containing pharmaceutically acceptable carriers,
adjuvants and vehicles. The term “parenteral’ as used here includes subcutaneous,
intravenous, intramuscular, and intraarterial injections with a variety of infusion techniques.

Intraarterial and intravenous injection as used herein includes administration through catheters.

[0394] The compounds of the invention and the compositions of the invention can be
formulated in accordance with the routine procedures adapted for desired administration route.
Accordingly, the compositions of the invention can take such forms as suspensions, solutions
or emulsions in oily or aqueous vehicles, and can contain formulatory agents such as
suspending, stabilizing and/or dispersing agents. The compounds of the invention and the
compositions of the invention can be formulated as a preparation suitable for implantation or
injection. Thus, for example, the compositions of the invention can be formulated with suitable
polymeric or hydrophobic materials (e.g., as an emulsion in an acceptable oil) or ion exchange
resins, or as sparingly soluble derivatives (e.g., as a sparingly soluble salt). The compounds of

the invention and the compositions of the invention can be in powder form for constitution with a
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suitable vehicle, e.g., sterile pyrogen-free water, before use. Suitable formulations for each of
these methods of administration can be found, for example, in Remington: The Science and
Practice of Pharmacy, A. Gennaro, ed., 20th edition, Lippincott, Williams & Wilkins,
Philadelphia, PA.

[0395] In some embodiments, the compositions of the invention are suitable for oral
administration. These compositions can comprise solid, semisolid, gelmatrix or liquid dosage
forms suitable for oral administration. As used herein, oral administration includes buccal,
lingual, and sublingual administration. Suitable oral dosage forms include, without limitation,
tablets, capsules, pills, troches, lozenges, pastilles, cachets, pellets, medicated chewing gum,
granules, bulk powders, effervescent or non-effervescent powders or granules, solutions,
emulsions, suspensions, solutions, wafers, sprinkles, elixirs, syrups or any combination thereof.
In some embodiments, compositions of the invention suitable for oral administration are in the
form of a tablet or a capsule. In some embodiments, the composition of the invention is in a
form of a tablet. In some embodiments, the composition of the invention is in a form of a

capsule. In some embodiments, the compound of the invention is contained in a capsule.

[0396] In some embodiments, capsules are immediate release capsules. Non-limiting example

of a capsule is a coni-snap® hard gelatin capsule.

[0397] The compositions of the invention can be in the form of compressed tablets, tablet
triturates, chewable lozenges, rapidly dissolving tablets, multiple compressed tablets, or
enteric-coating tablets, sugar-coated, or film-coated tablets. Enteric-coated tablets are
compressed tablets coated with substances that resist the action of stomach acid but dissolve
or disintegrate in the intestine, thus protecting the active ingredients from the acidic
environment of the stomach. Enteric-coatings include, but are not limited to, fatty acids, fats,
phenylsalicylate, waxes, shellac, ammoniated shellac, and cellulose acetate phthalates. Sugar-
coated tablets are compressed tablets surrounded by a sugar coating, which can be beneficial
in covering up objectionable tastes or odors and in protecting the tablets from oxidation. Film-
coated tablets are compressed tablets that are covered with a thin layer or film of a water-
soluble material. Film coatings include, but are not limited to, hydroxyethylicellulose, sodium
carboxymethylcellulose, polyethylene glycol 4000, and cellulose acetate phthalate. A film
coating can impart the same general characteristics as a sugar coating. Multiple compressed
tablets are compressed tablets made by more than one compression cycle, including layered

tablets, and press-coated or dry-coated tablets.

[0398] In some embodiments, the coating is a film coating. In some embodiments, the film

coating comprises Opadry White and simethicone emulsion 30% USP.

[0399] In some embodiments, the compound of the invention is contained in a tablet. In some
embodiments, the compound of the invention is contained in a compressed tablet. In some

embodiments, the compound of the invention is contained in a film-coated compressed tablet.
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In some embodiments, the compositions of the invention are in the form of film-coated
compressed tablets.

[0400] In some embodiments, the compositions of the invention is prepared by fluid bed
granulation of the compound of the invention with one or more pharmaceutically acceptable
carrier, vehicle, or excipients. In some embodiments, the compositions of the invention
prepared by fluid bed granulation process can provide tablet formulation with good flowability,
good compressibility, fast dissolution, good stability, and/or minimal to no cracking. In some
embodiments, the fluid bed granulation process allows preparation of formulations having high

drug loading, such as over 70% or over 75% of a compound of the invention.

[0401] The compositions of the invention can be in the form of soft or hard capsules, which can
be made from gelatin, methylcellulose, starch, or calcium alginate. The hard gelatin capsule,
also known as the dry-filled capsule (DFC), can comprise of two sections, one slipping over the
other, thus completely enclosing the active ingredient. The soft elastic capsule (SEC) is a soft,
globular shell, such as a gelatin shell, which is plasticized by the addition of glycerin, sorbitol, or
a similar polyol. The soft gelatin shells can contain a preservative to prevent the growth of
microorganisms. Suitable preservatives are those as described herein, including methyl- and
propyl-parabens, and sorbic acid. The liquid, semisolid, and solid dosage forms provided herein
can be encapsulated in a capsule. Suitable liquid and semisolid dosage forms include solutions
and suspensions in propylene carbonate, vegetable oils, or triglycerides. Capsules containing
such solutions can be prepared as described in U.S. Pat. Nos. 4,328,245; 4,409,239: and
4,410,545. The capsules can also be coated as known by those of skill in the art in order to
modify or sustain dissolution of the active ingredient.

[0402] The compositions of the invention can be in liquid or semisolid dosage forms, including
emulsions, solutions, suspensions, elixirs, and syrups. An emulsion can be a two-phase
system, in which one liquid is dispersed in the form of small globules throughout another liquid,
which can be oil-in-water or water-in-oil. Emulsions can include a pharmaceutically acceptable
non-aqueous liquids or solvent, emulsifying agent, and preservative. Suspensions can include a
pharmaceutically acceptable suspending agent and preservative. Aqueous alcoholic solutions
can include a pharmaceutically acceptable acetal, such as a di-(lower alkyl)acetal of a lower
alkyl aldehyde (the term “lower” means an alkyl having between 1 and 6 carbon atoms), e.g.,
acetaldehyde diethy! acetal; and a water-miscible solvent having one or more hydroxy! groups,
such as propylene glycol and ethanol. Elixirs can be clear, sweetened, and hydroalcoholic
solutions. Syrups can be concentrated aqueous solutions of a sugar, for example, sucrose, and
can comprise a preservative. For a liquid dosage form, for example, a solution in a polyethylene
glycol can be diluted with a sufficient quantity of a pharmaceutically acceptable liquid carrier,
e.g., water, to be measured conveniently for administration.
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[0403] The compositions of the invention for oral administration can be also provided in the
forms of liposomes, micelles, microspheres, or nanosystems. Miccellar dosage forms can be
prepared as described in U.S. Pat. No. 6,350,458.

[0404] The compositions of the invention can be provided as non- effervescent or effervescent,
granules and powders, to be reconstituted into a liquid dosage form. Pharmaceutically
acceptable carriers and excipients used in the non-effervescent granules or powders can
include diluents, sweeteners, and wetting agents. Pharmaceutically acceptable carriers and
excipients used in the effervescent granules or powders can include organic acids and a source

of carbon dioxide.

[0405] Coloring and flavoring agents can be used in all of the above dosage forms. And,
flavoring and sweetening agents are especially useful in the formation of chewable tablets and

lozenges.

[0406] The compositions of the invention can be formulated as immediate or modified release
dosage forms, including delayed-, extended, pulsed-, controlled, targeted-, and programmed-

release forms.
[0407] In some embodiments, the compositions of the invention comprise a film-coating.

[0408] The compositions of the invention can comprise another active ingredient that does not
impair the composition’s therapeutic or prophylactic efficacy or can comprise a substance that

augments or supplements the composition’s efficacy.

[0409] The tablet dosage forms can comprise the compound of the invention in powdered,
crystalline, or granular form, and can further comprise a carrier or vehicle described herein,

including binder, disintegrant, controlled-release polymer, lubricant, diluent, or colorant.

{0410] In some embadiments, the compositions of the invention can further comprise an
excipient such as a diluent, a disintegrant, a wetting agent, a binder, a glidant, a lubricant, or
any combination thereof. In some embodiments, a tablet comprises a binder. And, in some
embodiments, the binder comprises microcrystalline cellulose, dibasic calcium phosphate,
sucrose, corn starch, polyvinylpyrridone, hydroxypropy! cellulose, hydroxymethyl cellulose, or
any combination thereof. In other embodiments, the tablet comprises a disintegrant. in other
embodiments, the disintegrant comprises sodium croscarmellose, sodium starch glycolate, or
any combination thereof. In other embodiments, the tablet comprises a lubricant. And, in some
embodiments, the lubricant comprises magnesium stearate stearic acid, hydrogenated oil,

sodium stearyl fumarate, or any combination thereof.

[0411] In some embodiments, the compositions of the invention are in the form of a tablet that

comprises a binder such as any of the binders described herein.
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[0412] In some embodiments, the compositions of the invention are in the form of a tablet that

comprises a disintegrant such as any of the disintegrants described herein.

[0413] In some embodiments, the compositions of the invention are in the form of a tablet that

comprises a lubricant such as any of the lubricants described herein.

[0414] In some embodiments, the compositions of the invention can be in a modified release or
a controlled release dosage form. In some embodiments, the compositions of the invention can
comprise particles exhibiting a particular release profile. For example, the composition of the
invention can comprise a compound of the invention in an immediate release form while also
comprising a statin or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug
thereof in a modified release form, both compressed into a single tablet. Other combination and
modification of release profile can be achieved as understood by one skilled in the art.
Examples of modified release dosage forms suited for pharmaceutical compositions of the
instant invention are described, without limitation, in U.S. Pat. Nos.: 3,845,770; 3,916,899,
3,536,809; 3,598,123; 4,008,719; 5,674,533; 5,059,595; 5,591,767; 5,120,548; 5,073,543;
5,639,476: 5,354,556; 5,639,480; 5,733,566; 5,739,108; 5,891,474; 5,922,356, 5,972,891;
5,080,945; 5,993,855; 6,045,830; 6,087,324; 6,113,943; 6,197,350; 6,248,363 6,264,970;
6,267,081; 6,376,461; 6,419,961; 6,589,548; 6,613,358; and 6,699,500.

[0415] In some embodiments, the compositions of the invention are a matrix-controlled release
dosage form. In some embodiments, the release profile of the compound of the invention and of
the other pharmaceutically active agent is the same or different. Suitable matrix-controlled
release dosage forms are described, for example, in Takada et al in “Encyclopedia of
Controlied Drug Delivery,” Vol. 2, Mathiowitz ed., Wiley, 1999.

[0416] In some embodiments, the matrix-controlled release form comprises an erodible matrix
comprising water-swellable, erodible, or soluble polymers, including synthetic polymers, and

naturally occurring polymers and derivatives, such as polysaccharides and proteins.

[0417] In some embodiments, the erodible matrix of the matrix-controlled release form
comprises chitin, chitosan, dextran, or pullulan; gum agar, gum arabic, gum karaya, locust bean
gum, gum tragacanth, carrageenans, gum ghatti, guar gum, xanthan gum, or scleroglucan;
starches, such as dextrin or maltodextrin; hydrophilic colloids, such as pectin; phosphatides,
such as lecithin: alginates; propylene glycol alginate; gelatin; collagen; cellulosics, such as ethyl
cellulose (EC), methylethy! cellulose (MEC), carboxymethyl cellulose (CMC), carrrboxymethy!
ethyl cellulose (CMEC,) hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC), cellulose
acetate (CA), cellulose propionate (CP), cellulose butyrate (CB), cellulose acetate butyrate
(CAB), cellulose acetate phthalate (CAP), cellulose acetate trimellitate (CAT), hydroxypropyl
methyl cellulose (HPMC), HPMCP, HPMCAS, hydroxypropyl methyl cellulose acetate
trimellitate (HPMCAT), or ethylhydroxy ethylcellulose (EHEC); polyvinyl pyrrolidone; polyvinyl
alcohol; polyvinyl acetate; glycerol fatty acid esters; polyacrylamide; polyacrylic acid;
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copolymers of ethacrylic acid or methacrylic acid (EUDRAGIT®, Rohm America, Inc.,
Piscataway, NJ); poly(2-hydroxyethyl-methacrylate); polylactides; copolymers of L-glutamic acid
and ethyl-L-glutamate; degradable lactic acid-glycolic acid copolymers; poly-D-(-)-3-
hydroxybutyric acid; or other acrylic acid derivatives, such as homopolymers and copolymers of
butylmethacrylate, methylmethacrylate, ethylmethacrylate, ethylacrylate, (2-
dimethylaminoethyl)methacrylate, or (trimethylaminoethyl)methacrylate chloride; or any

combination thereof.

[0418] In other embodiments, the compositions of the invention are in a matrix-controlled
modified release form comprising a non-erodible matrix. In some embodiments, the statin, the
compound of the invention is dissolved or dispersed in an inert matrix and is released primarily
by diffusion through the inert matrix once administered. In some embodiments, the non-erodible
matrix of the matrix-controlled release form comprises an insoluble polymer, such as
polyethylene, polypropylene, polyisoprene, polyisobutylene, polybutadiene,
polymethylmethacrylate, polybutylmethacrylate, chlorinated polyethylene, polyvinylchloride, a
methyl acrylate-methyl methacrylate copolymer, an ethylene-vinylacetate copolymer, an
ethylene/propylene copolymer, an ethylene/ethyl acrylate copolymer, a vinylchloride copolymer
with vinyl acetate, a vinylidene chloride, an ethylene or a propylene, an ionomer polyethylene
terephthalate, a butyl rubber epichlorchydrin rubber, an ethylene/vinyl alcohol copolymer, an
ethylene/vinyl acetate/vinyl alcohol terpolymer, an ethylene/vinyloxyethanol copolymer, a
polyvinyl chloride, a plasticized nylon, a plasticized polyethyleneterephthalate, a natural rubber,
a silicone rubber, a polydimethyisiloxane, a silicone carbonate copolymer, or a hydrophilic
polymer, such as an ethyl cellulose, a cellulose acetate, a crospovidone, or a cross-linked
partially hydrolyzed polyvinyl acetate; a fatty compound, such as a carnauba wax, a

microcrystalline wax, or a triglyceride; or any combination thereof.

[0419] The compositions of the invention that are in a modified release dosage form can be
prepared by methods known to those skilled in the art, including direct compression, dry or wet
granulation followed by compression, melt-granulation foliowed by compression.

[0420] in some embodiments, the compositions of the invention comprise a tablets-in-capsule
system, which can be a multifunctional and muitiple unit system comprising versatile mini-
tablets in a hard gelatin capsule. The mini-tablets can be rapid-release, extended-release,
pulsatile, delayed-onset extended-release minitablets, or any combination thereof. In some
embodiments, combinations of mini-tablets or combinations of mini-tablets and minibeads
comprising multiple active pharmaceutical agents can each have specific lag times, of release
multiplied pulsatile drug delivery system (DDS), site-specific DDS, slow-quick DDS, quick/slow
DDS and zero-order DDS.

[0421] In some embodiments, the compositions of the invention are in an osmotic-controlled

release dosage form.
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[0422] In some embodiments, the osmotic-controlled release device comprises a one-chamber
system, a two-chamber system, asymmetric membrane technology (AMT), an extruding core
system (ECS), or any combination thereof. In some embodiments, such devices comprise at
least two components: (a) the core which contains the active pharmaceutical agent(s); and (b) a
semipermeable membrane with at least one delivery port, which encapsulates the core. The
semipermeable membrane controls the influx of water to the core from an aqueous

environment of use so as to cause drug release by extrusion through the delivery port(s).

[0423] In some embodiments, the core of the osmotic device optionally comprises an osmotic
agent, which creates a driving force for transport of water from the environment of use into the
core of the device. One class of osmotic agents useful in the compositions of invention
comprises water-swellable hydrophilic polymers, which are also referred to as "osmopolymers”
or "hydrogels," including, but not limited to, hydrophilic vinyl and acrylic polymers,
polysaccharides such as calcium alginate, polyethylene oxide (PEO), polyethylene glycol
(PEG), polypropylene glycol (PPG), poly(2-hydroxyethyl methacrylate), poly(acrylic) acid,
poly(methacrylic) acid, polyvinylpyrrolidone (PVP), cross-linked PVP, polyvinyl alcohol (PVA),
PVA/PVP copolymers, PVA/PVP copolymers with hydrophobic monomers such as methyl
methacrylate and vinyl acetate, hydrophilic polyurethanes containing large PEO blocks, sodium
croscarmellose, carrageenan, hydroxyethyl cellulose (HEC), hydroxypropy! cellulose (HPC),
hydroxypropyl methy! cellulose (HPMC), carboxymethyl cellulose (CMC) and carboxyethyl,
cellulose (CEC), sodium alginate, polycarbophil, gelatin, xanthan gum, and sodium starch

glycolate.

[0424] Another class of osmotic agents useful in the compositions of the invention comprises
osmogens, which are capable of imbibing water to affect an osmotic pressure gradient across
the barrier of the surrounding coating. Suitable osmogens include, but are not limited to,
inorganic salts, such as magnesium sulfate, magnesium chloride, calcium chloride, sodium
chloride, lithium chloride, potassium sulfate, potassium phosphates, sodium carbonate, sodium
sulfite, lithium sulfate, potassium chloride, and sodium sulfate; sugars, such as dextrose,
fructose, glucose, inositol, lactose, maltose, mannitol, raffinose, sorbitol, sucrose, trehalose,
and xylitol; organic acids, such as ascorbic acid, benzoic acid, fumaric acid, citric acid, maleic
acid, sebacic acid, sorbic acid, adipic acid, edetic acid, glutamic acid, p-toluenesulfonic acid,

succinic acid, and tartaric acid; urea; and mixtures thereof.

[0425] Osmotic agents of different dissolution rates can be employed to influence how rapidly
the compound of the invention dissolves following administration. For example, an amorphous
sugar, such as Mannogeme EZ (SPI Pharma, Lewes, DE) can be included to provide faster
delivery during the first couple of hours (e.g., about 1 to about 5 hrs) to promptly produce
prophylactic or therapeutic efficacy, and gradually and continually release of the remaining

amount to maintain the desired level of therapeutic or prophylactic effect over an extended
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period of time. In some embodiments, the compound of the invention is released from the
compositions of the invention at such a rate to replace the amount of the compound of the

invention metabolized or excreted by the subject.

[0426] The core can also include a wide variety of other excipients and carriers as described

herein to enhance the performance of the dosage form or to promote stability or processing.

[0427] Materials useful for forming the semipermeable membrane include various grades of
acrylics, vinyls, ethers, polyamides, polyesters, and cellulosic derivatives that are water-
permeable and water-insoluble at physiologically relevant pHs or are susceptible to being
rendered water-insoluble by chemical alteration, such as crosslinking. Examples of suitable
polymers useful in forming the coating, include plasticized, unplasticized, and reinforced
cellulose acetate (CA), cellulose diacetate, celiulose triacetate, CA propionate, cellulose nitrate,
cellulose acetate butyrate (CAB), CA ethyl carbamate, CAP, CA methyl carbamate, CA
succinate, cellulose acetate trimellitate (CAT), CA dimethylaminoacetate, CA ethyl carbonate,
CA chloroacetate, CA ethyl oxalate, CA methyt sulfonate, CA butyl sulfonate, CA p-toluene
sulfonate, agar acetate, amylose triacetate, beta glucan acetate, beta glucan triacetate,
acetaldehyde dimethy! acetate, triacetate of locust bean gum, hydroxlated ethylene-
vinylacetate, EC, PEG, PPG, PEG/PPG copolymers, PVP, HEC, HPC, CMC, CMEC, HPMC,
HPMCP, HPMCAS, HPMCAT, poly(acrylic) acids and esters and poly-(methacrylic) acids and
esters and copolymers thereof, starch, dextran, dextrin, chitosan, collagen, gelatin,
polyaikenes, polyethers, polysulfones, polyethersulfones, polystyrenes, polyvinyl halides,

polyvinyl esters and ethers, natural waxes, and synthetic waxes.

[0428] The semipermeable membranes can also be a hydrophobic microporous membrane,
wherein the pores are substantially filled with a gas and are not wetted by the agueous medium
but are permeable to water vapor, as disclosed in U.S. Pat. No. 5,798,119. Such hydrophobic
but water-vapor permeable membrane are typically composed of hydrophobic polymers such
as polyalkenes, polyethylene, polypropylene, polytetrafluoroethylene, polyacrylic acid
derivatives, polyethers, polysulfones, polyethersulfones, polystyrenes, polyvinyl halides,

polyvinylidene fluoride, polyvinyl esters and ethers, natural waxes, and synthetic waxes.

[0429] The delivery port(s) on the semipermeable membrane can be formed post-coating by
mechanical or laser drilling. Delivery port(s) can also be formed in situ by erosion of a plug of
water-soluble material or by rupture of a thinner portion of the membrane over an indentation in
the core. In addition, delivery ports can be formed during coating process, as in the case of
asymmetric membrane coatings of the type disclosed in U.S. Pat. Nos. 5,612,059 and
5,698,220.

[0430] The total amount of the compound of the invention released and the release rate can
substantially be modulated via the thickness and porosity of the semipermeable membrane, the

composition of the core, and the number, size, and position of the delivery ports.
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[0431] In some embodiments, the pharmaceutical composition in an osmotic controlied-release
dosage form can further comprise additional conventional excipients as described herein to

promote performance or processing of the formulation.

[0432] The osmotic controlled-release dosage forms can be prepared according to
conventional methods and techniques known to those skilled in the art (see, Remington: The
Science and Practice of Pharmacy, supra; Santus and Baker, J. Controlled Release 1995, 35,
1-21: Verma et al., Drug Development and Industrial Pharmacy 2000, 26, 695-708; Verma et
al., J. Controlled Release 2002, 79, 7-27).

[0433] In some embodiments, the pharmaceutical composition provided herein is formulated as
asymmetric membrane technology (AMT) controlled-release dosage form that comprises an
asymmetric osmotic membrane that coats a core comprising the active ingredient(s) and other
pharmaceutically acceptable excipients. See, U.S. Pat. No. 5,612,059 and WO 2002/17918.
The AMT controlled-release dosage forms can be prepared according to conventional methods
and techniques known to those skilled in the art, including direct compression, dry granulation,

wet granulation, and a dip-coating method.

[0434] In some embodiments, the pharmaceutical composition provided herein is formulated as
ESC controlled-release dosage form that comprises an osmotic membrane that coats a core
comprising the compound of the invention, hydroxylethyl cellulose, and other pharmaceutically

acceptable excipients.

[0435] In some embodiments, the compositions of the invention are a modified release dosage
form that is fabricated as a multiparticulate-controlled release dosage form that comprises a
plurality of particles, granules, or pellets, microparticulates, beads, microcapsules and
microtablets, ranging from about 10 ym to about 3 mm, about 50 ym to about 2.5 mm, or from

about 100 um to 1 mm in diameter.

[0436] The multiparticulate-controlled release dosage forms can provide a prolonged release
dosage form with an improved bicavailability. Suitable carriers to sustain the release rate of the
compound of the invention include, without limitation, ethyl cellulose, HPMC, HPMC-phtalate,
colloidal silicondioxide and Eudragit-RSPM.

[0437] Compositions of the invention in pellet form can comprise 50-80% (w/w) of a drug and
20-50% (w/w) of microcrystalline cellulose or other polymers. Suitable polymers include, but are

not limited to, microcrystalline wax, pregelatinized starch and maltose dextrin.

[0438] Beads can be prepared in capsule and tablet dosage forms. Beads in tablet dosage
form can demonstrate a slower dissolution profile than microparticles in capsule form.
Microparticle fillers suitable for compositions and therapeutic or prophylactic methods of the

invention include, without limitation, sorbitan monooleate (Span 80), HPMC, or any combination
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thereof. Suitable dispersions for controlled release latex include, for example, ethyl-acrylate and
methyl-acrylate.

[0439] In some embodiments, the compositions of the invention are in the form or
microcapsules and/or microtablets. In some embodiments, microcapsules comprise extended
release polymer microcapsules containing a statin and a compound of the invention with
various solubility characteristics. Extended release polymer microcapsules can be prepared
with colloidal polymer dispersion in an aqueous environment. In other embodiments,
microcapsules suitable for the compositions and methods provided herein can be prepared

using conventional microencapsulating techniques (Bodmeier & Wang, 1993).

[0440] Such multiparticulates can be made by the processes known to those skilled in the art,
including wet-and dry-granulation, extrusion/spheronization, roller-compaction, melt-congealing,
and by spray-coating seed cores. See, for example, Multiparticulate Qral Drug Delivery; Marcel
Dekker: 1994: and Pharmaceutical Pelletization Technology; Marcel Dekker: 1989. Excipients

for such technologies are commercially available and described in US Pharmacopeia.

[0441] Other excipients as described herein can be blended with the compositions of the
invention to aid in processing and forming the multiparticulates. The resulting particles can
themselves constitute the multiparticulate dosage form or can be coated by various film-forming
materials, such as enteric polymers, water-swellable, or water-soluble polymers. The

multiparticulates can be further processed as a capsule or a tablet.

[0442] In other embodiments, the compositions of the invention are in a dosage form that has
an instant releasing component and at least one delayed releasing component, and is capable
of giving a discontinuous release of the compound in the form of at least two consecutive

pulses separated in time from 0.1 hr to 24 hrs.

[0443] In some embodiments, the compositions of the invention comprise from about 1 mg to
about 1000 mg of a compound of the invention or any amount ranging from and to these
values. In some embodiments, the compositions of the invention comprise from about 1 mg to
about 500 mg of a compound of the invention or any amount ranging from and to these values.
In some embodiments, the compositions of the invention comprise from about 1 mg to about

400 mg of a compound of the invention or any amount ranging from and to these values.

[0444] In other embodiments, the compositions of the invention comprise a compound of the
invention in an amount that is a molar equivalent to about 1 mg to about 1000 mg of a
compound of the invention or any amount ranging from and to these values. In other
embodiments, the compositions of the invention comprise a compound of the invention inan
amount that is a molar equivalent to about 1 mg to about 500 mg of a compound of the
invention or any amount ranging from and to these values. In other embodiments, the

compositions of the invention comprise a compound of the invention in an amount thatis a
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molar equivalent to about 1 mg to about 400 mg of a compound of the invention or any amount

ranging from and to these values.

[0445] In some embodiments, the compositions of the invention comprise a compound of the
invention in an amount of about 10 wi% to about 99 wt% of the total weight of the composition

of the invention.

5.4. Methods of the Invention
[0446] The present invention provides methads for treating or preventing a liver disorder,
dyslipidemia, dyslipoproteinemia, a renal disease, a disorder of glucose metabolism, a disorder
of lipid metabolism, a disorder of glucid metabolism, a cardiovascular disease, a vascular
disease, a metabolic syndrome, a complication associated with metabolic syndrome, a PPAR-
associated disorder, septicemia, a thrombotic disorder, obesity, diabetic nephropathy, diabetic
retinopathy, atherosclerosis, pancreatitis, a cerebrovascular disease, a disorder related to
neovascularization, hypertension, cancer, inflammation, an inflammatory disease, a
neurodegenerative disease, an autoimmune disease, a neoplastic disease, muscle atrophy,
cholestasis, mitochondrial dysfunction, an ocular disease, a lysosomal storage disease, or
impotence, comprising administering io a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. The present invention provides
methods for treating or preventing a kidney disease (e.g., acute kidney injury), comprising
administering to a subject in need thereof an effective amount of a compound of the invention

or a composition of the invention.

[0447] In some embodiments, the present invention provides methods for treating or preventing
a liver disorder, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, the liver
disorder involves pathological disruption, inflammation, degeneration, apoptosis, or proliferation
of liver cells. In some embaodiments, the liver disorder is liver fibrosis, fatty liver disease, non-
alcoholic fatty liver disease (NAFLD) or non-alcoholic steatohepatitis (NASH).

[0448] In some embaodiments, the present invention provides methods for reducing an
abnormally high concentration of alanine transaminase (ALT), aspartate transaminase (AST),
alkaline phosphatase (ALP), bilirubin, gamma-glutamyltransferase (GGT), L-lactate
dehydrogenase (LD), prothrombin time (PT), creatinine, or total protein in a subject’s blood
plasma or blood serum, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. Iin some
embodiments, the present invention provides methods for elevating an abnormally low
concentration of albumin or total protein, in a subject’s blood plasma or blood serum,
comprising administering to a subject in need thereof an effective amount of a compound of the

invention or a composition of the invention.
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[0449] An “abnormally high concentration” of ALT in a subject’s blood plasma or blood serum is
greater than 56 units/liter. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of ALT in a subject’s blood plasma or blood

serum ranges from about 7 units/liter to about 56 units/liter.

[0450] An “abnormally high concentration” of AST in a subject’s blood plasma or blood serum is
greater than 48 units/liter. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of AST in a subject’s blood plasma or blood

serum ranges from about 8 units/liter to about 48 units/liter.

- [0451] An “abnormally high concentration” of ALP in a subject’s blood plasma or blood serum is
greater than 129 units/liter. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of ALP in a subject’s blood plasma or blood

serum ranges from about 40 units/liter to about129 units/liter.

[0452] An "abnormally low concentration” of albumin in a subject’s blood plasma or blood
serum is less than 3.5 g/dL. In some embodiments, the elevating is to a normal concentration.
In some embodiments, the normal concentration of albumin in a subject’s blood plasma or
blood serum ranges from about 3.5 g/dL to about 5.0 g/dL.

[0453] An “abnormally high concentration” of bilirubin in a subject’s blood plasma or blood
serum is greater than 1.2 mg/dL. In some embodiments, the reducing is to a normal
concentration. in some embodiments, the normal concentration of bilirubin in a subject’s blood

plasma or blood serum ranges from about 0.1 mg/dL to about 1.2 mg/dL.

[0454] An “abnormally high concentration” of GGT in a subject’s blood plasma or blood serum
is greater than 61 units/liter. In some embodiments, the reducing is to a normal concentration.
In some embodiments, the normal concentration of GGT in a subject’s blood plasma or blood

serum ranges from about 8 units/liter to about 61 units/liters.

[0455] An “abnormally high concentration” of LD in a subject’s blood plasma or blood serum is
greater than 222 units/liter. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of LD in a subject’s blood plasma or blood serum

ranges from about 122 units/liter to about 222 units/liters.

[0456] An “abnormally high concentration” of PT in a subject’s blood plasma or blood serum is
greater than 12.5 seconds. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of PT in a subject’s blood plasma or blood serum
ranges from about 9.4 seconds to about 12.5 seconds.

[0457] An “abnormally high concentration” of creatinine in a subject’s blood plasma or blood
serum is greater than 1.5 mg/dL, which corresponds to a glomerular filtration rate (GFR) of
approximately 30 mL/min and indicative of renal failure. In some embodiments, the reducing is

to a normal concentration. In some embodiments, the normal concentration of creatinine in a
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subject’s biood plasma or blood serum ranges from about 0.84 mg/dL to about 1.21 mg/dL.
(about 74.3 pmol/L. to about 107 umol/L).

[0458] An “abnormally high concentration” of total protein in a subject’s blood plasma or blood
serum is greater than 7.9 g/dL. An “abnormally low concentration” of total protein in a subject’s
blood plasma or blood serum is less than 6.3 g/dL. In some embodiments, the reducing is to a
normal concentration. In some embodiments, the elevating is to a normal concentration. In
some embodiments, the normal concentration of total protein in a subject’s blood plasma or
blood serum ranges from about 6.3 g/dL to about 7.9 g/dL.

[0459] In some embodiments, the present invention provides methods for treating or preventing
NAFLD or NASH, comprising administering to a subject in need thereof an effective amount of
a compound of the invention or the composition of the invention.

[0460] in some embodiments, the present invention provides methods for treating or preventing
dyslipidemia, comprising administering to a subject in need thereof an effective amount of the
compound of the invention or the composition of the invention. In some embodiments, the
dyslipidemia is hyperlipidemia or an abnormally low concentration of high density lipoprotein
cholesterol (HDL-C) in the subject’s biood plasma or blood serum. The term “dyslipidemia”

refers to a disorder that leads to or is manifested by an aberrant level of circulating lipids.

[0461] In some embodiments, the present invention provides methods for restoring blood
plasma or blood serum concentration of total-cholesterol, low density lipoprotein cholesterol
(LDL-C), HDL-C, non-HDL-C or free triglycerides to a normal or recommended concentration or
ratio. Accordingly, to the extent that levels of lipids in the blood plasma or blood serum are
abnormally high, the compounds of the invention or the compositions of the invention can be
administered to a patient to restore normal levels. Normal levels of lipids are well known to
those skilled in the art. For example, normal blood levels of total-cholesterol, low density
lipoprotein cholesterol (LDL-C), HDL-C, non-HDL-C, free triglycerides and others parameters
relating to lipid metabolism can be found at the web site of the American Heart Association, The
National Lipid Association and that of the National Cholesterol Education Program of the
National Heart, Lung and Blood Institute. In some embodiments, a recommended concentration
of HDL-C in the blood ptasma or the blood serum is above 35 mg/dl. In some embodiments, a
recommended concentration of LDL-C in the blood plasma or the blood serum is below 100
mg/dl. In some embodiments, a recommended LDL-C:HDL-C ratio in the blood plasma or in the
blood serum is below 5:1, in some embodiments, 3.5:1. In some embodiments, a
recommended concentration of free triglycerides in the blood plasma or the blood serum is less
than 200 mg/di.

[0462] In some embodiments, the present invention provides methods for treating or preventing
hyperlipidemia, comprising administering to a subject in need thereof an effective amount of a

compound of the invention or a composition of the invention. in some embodiments,
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hyperlipidemia is hypercholesterolemia, familial hypercholesterolemia, hypertriglyceridemia, or
familial combined hyperlipidemia. In some embodiments, hyperlipidemia is characterized by an
abnormally reduced or deficient lipoprotein lipase level or activity in the subject’s blood plasma
or blood serum, or an abnormally high concentration of ketone bodies, lipoprotein(a) cholesterol
(Lp(a)-C), low density lipoprotein (LDL), very low density lipoproteins cholesterol (VLDL-C) or
non-esterified fatty acids (NEFA) in the subject’s blood plasma or blood serum. In some
embodiments, the reduced or deficient lipoprotein lipase level or activity is a result of a
lipoprotein lipase mutation. In some embodiments, the reduced or deficient lipoprotein lipase

level or activity is a result of a mutation in a gene encoding a lipoprotein lipase.

[0463] Non-limiting examples of ketone bodies include acetoacetate, beta-hydroxybutyrate,
and acetone. An “abnormally high concentration” of ketone bodies in a subject’s blood plasma
or blood serum is 1 mg/dL or greater (< 0.1 mmol/L). In some embodiments, the present
invention provides methods for reducing an abnormally high concentration of ketone bodies in a
subject’s blood plasma or blood serum, wherein the concentration is 1 mg/dL or greater. In
some embodiments, the reducing is to a normal level. In some embodiments, the normal level
is less than 1 mg/dL (< 0.1 mmol/L). See Devkota, B. P. et al. Medscape emedicine, updated
Oct. 30, 2015.

[0464] An “abnormally high concentration” of VLDL-C in a subject’s blood plasma or blood
serum is greater than 30 mg/dL (1.7 mmol/L). In some embodiments, the present invention
provides methods for reducing VLDL-C concentration in a subject's blood plasma or blood
serum, wherein the VLDL-C concentration is greater than 30 mg/dL. In some embodiments, the
reducing is to a normal level. In some embodiments, the normal level ranges from 2 mg/dL to
30 mg/dL (0.1 to 1.7 mmol/L).

[0465] An “abnormally high concentration” of NEFA is in a subject’s blood plasma or blood
serum in a non-fasting state is 0.9 mM or greater. An “abnormally high concentration” of NEFA
in a subject’s blood plasma or blood serum in a fasting state is greater than 1.8 mM at a fasting
state. An “abnormally high concentration” of NEFA in a subject’s blood plasma or blood serum
at 15-hour fasting is greater than 1.1 nM. An “abnormally high concentration” of NEFA in a
subject’s blood plasma or blood serum at 20-hour fasting is greater than 1.3 mM. An
“abnormally high concentration” of NEFA in a subject's blood plasma or blood serum at 15-hour
fasting is greater than 1.1 nM. An “abnormally high concentration” of NEFA in a subject’s blood
plasma or blood serum at 24-hour fasting is greater than 1.8 mM. In some embodiments, the
present invention provides methods for reducing NEFA concentration in a subject’s blood
plasma or blood serum, wherein the NEFA concentration is greater than 0.9 mM, in some
embodiments greater than 1.1 mM, in some embodiments greater than 1.5 mM and in some
embodiments greater than 1.8 mM. In some embodiments, the reducing is to a normal level. In

some embodiments, the normal level is 1.8 mM or less, in some embodiments 1.5 mM or less,

174



WO 2022/189856 PCT/1IB2022/000106

in some embodiments 1.1 mM or less and in some embodiments 0.9 mM or less. See Horowitz,
G. L. et al. Medscape emedicine, updated July 25, 2019.

[0466] In some embodiments, the present invention provides methods for treating or preventing
dyslipoproteinemia, comprising administering to a subject in need thereof an effective amount
of a compound of the invention or a composition of the invention. In some embediments, the
dyslipoproteinemia is characterized by an abnormally high concentration of LDL, apolipoprotein
(a) or VLDL in a subject’s blood plasma or blood serum, or an abnormally low concentration of
high density lipaprotein (HDL) or lipoprotein lipase in a subject’s blood plasma or blood serum.
In some embodiments, the abnormaily low concentration of the lipoprotein lipase is associated
with: a lipoprotein lipase mutation, hypoalphalipoproteinemia, a lipoprotein abnormality
associated with diabetes, a lipoprotein abnormality associated with obesity, a lipoprotein
abnormality associated with Alzheimer’s disease, or familial combined hyperlipidemia. The term
“dyslipoproteinemia” refers to a disorder that leads to or is manifested by an aberrant
concentration of circulating lipoproteins in a subject’s blood plasma or blood serum. To the
extent that the concentrations of lipoproteins in the blood plasma or blood serum are too high,
the compounds of the invention or the compositions of the invention can be administered to the
subject to restore to normal concentrations of lipoproteins. Conversely, to the extent that the
concentrations of lipoproteins in the blood plasma or blood serum are too low, the compounds
of the invention or the compositions of the invention can be administered to the subject to
restore to normal concentrations. Normal concentrations of lipoproteins are reported in medical
treatises known to those of skill in the art.

[0467] In some embodiments, the present invention provides methods for treating or preventing
a renal disease, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, the renal
disease is a glomerular disease, a tubular disease, a tubulointerstitial disease, acute or rapidly
progressive renal failure, chronic renal failure, nephrolithiasis, or a tumor. In some
embodiments, the renal disease is hypertension, nephrosclerosis, microangiopathic hemolytic

anemia, atheroembolic renal disease, diffuse cortical necrosis, or a renal infarct.

[0468] In some embodiments, the glomerular disease is an acute glomerulonephritis, a chronic
glomerulonephritis, a rapidly progressive glomerulonephritis, a nephrotic syndrome, a focal
proliferative glomerulonephritis, a glomerular lesion associated with systemic disease,
Goodpasture syndrome, multiple myeloma, diabetes, neoplasia, sickle cell disease or a chronic
inflammatory disease. In some embodiments, the glomerular lesion associated with systemic

disease is systemic lupus erythematosus.

[0469] In some embadiments, the tubular disease is an acute tubular necrosis, an acute renal
failure, a polycystic renal disease, medullary sponge kidney, a medullary cystic disease,

nephrogenic diabetes, or a renal tubular acidosis.
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[0470] In some embodiments, the tubulointerstitial disease is pyelonephritis, a drug- or toxin-
induced tubulointerstitial nephritis, a hypercalcemic nephropathy, or a hypokalemic
nephropathy.

[0471] In some embodiments, the tumor is renal cell carcinoma or nephroblastoma.

[0472] In some embodiments, the renal disease is hypertension. In some embodiments, the
hypertension is an essential hypertension, hyperpiesa, hyperpiersis, a malignant hypertension,

a secondary hypertension, or a white-coat hypertension.
[0473] In some embodiments, the renal disease is a kidney disease.

[0474] In some embodiments, the present invention provides methods for treating or preventing
a disorder of glucose metabolism, comprising administering to a subject in need thereof an
effective amount of a compound of the invention or a composition of the invention. The term
“disorder of glucose metabolism” refers to a disorder that leads to or is manifested by aberrant
glucose storage and/or utilization. To the extent that indicia of glucose metabolism (j.e. insulin,
glucose, or glycated hemoglobin in a subject’s blood plasma or blood serum) are too high, the
compounds of the invention or the compositions of the invention can be administered to a
subject to restore to normal levels. Normal indicia of glucose metabolism are reported in
medical treatises known to those of skill in the art. See US 7,709,682 B2.

[0475] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of glucose in a subject’s blood plasma or blood serum,
comprising administering to a subject in need thereof an effective amount of a compound of the
invention or a composition of the invention. An “abnormaily high concentration” of glucose in a
subject’s blood plasma or blood serum at a fasted state (10-16 hours without eating) is greater
than 5.6 mmol/L (100 mg/dL). In some embodiments, the reducing is to a normal concentration.
In some embodiments, the normal concentration of glucose is less than 5.6 mmol/L at fasted
state. In some embodiments, a fasted glucose blood plasma or blood serum concentration in
the range of 5.6 mmol/L to 6 mmol/L (100-109 mg/dL) may indicate prediabetes. In some
embodiments, a fasted glucose blood plasma or biood serum concentration in the range of 6.1
mmol/L to 6.9 mmol/L (110-125 mg/dL) can indicate diabetes. In some embodiments, a fasted
glucose blood plasma or blood serum concentration of 7 mmol/L (126 mg/dL) and above

indicates diabetes.

[0476] In some embodiments, the abnormally high concentration of glucose in a subject’s blood

plasma or blood serum is measured in a glucose tolerance test (GTT).

[0477] An "abnormally high concentration” of glucose in a subject's blood plasma or blood
serum in a one-hour GTT is greater than 10 mmol/L (180 mg/dL). in some embodiments, the
reducing is to a normal concentration. In some embodiments, the normal concentration in a
one-hour GTT is less than 10 mmol/L (180 mg/dL).
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[0478] An “abnormally high concentration” of glucose in a subject’s blood plasma or blood
serum in a two-hour GTT with 75 g intake is greater than 7.8 mmol/L (140 mg/dL), which
indicates hyperglycemia. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration in two-hour GTT with 75 g intake is less than 7.8
mmol/L (140 mg/dL). In some embodiments, a glucose concentration in a subject’s blood
plasma or blood serum between 7.8 mmol/L (140 mg/dL) and 11.1 mmol/L (200 mg/dL) in two-
hour GTT with 75 g intake indicates impaired glucose tolerance. In some embodiments, a

glucose concentration above 11.1 mmol/L in two-hour GTT with 75 g intake indicates diabetes.

[0479] In some embodiments, the present invention provides methods for increasing
abnormally low glucose metabolism in a subject, wherein the subject’s glucose concentration in
the subject’s blood plasma or blood serum is greater than 7.8 mmol/L (140 mg/dL) in a two-
hour GTT. In some embodiments, the present invention provides methods treating or
preventing a disorder of glucose metabolism in a subject, wherein the subject’s glucose
concentration in the subject’s blood plasma or blood serum is in the range of 7.8 mmol/L

(140 mg/dL) to 11.1 mmol/L (200 mg/dL) in a two-hour GTT. In some embodiments, the present
invention provides methods for treating or preventing a disorder of glucose metabolism in a
subject, wherein the subject’s glucose concentration in the subject’s blood plasma or blood
serum is greater than 11.1 mmol/L (200 mg/dL) in a two-hour GTT.

[0480] In some embodiments, the present invention provides methods for reducing an
abnormally high level of HbA1. in a subject’s blood plasma or blood serum, comprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. An “abnormally high level” of hemoglobin A1c (HbA+c) in a
subject’s blood plasma or blood serum is 6.5% or greater (expressed in % NGSP units). In
some embodiments, the reducing is to a normal level. In some embodiments, the normai levels
of HbAs. is in the range of about 4% to about 5.9%. In some embodiments, the present
invention provides methods for reducing HbA:. level in a subject’s blood plasma or blood
serum, wherein the HbA:clevel is greater than 7%, greater than 8%, or greater than 9%. See
Horowitz, G. L. et al. Medscape emedicine, updated July 25, 2019,

[0481] In some embodiments, the present invention provides methods for increasing
abnormally low glucose metabolism in a subject, wherein the subject’s HbA . leve! is 6.5% or
greater and the subject'’s fasting glucose concentration is 126 mg/dL or greater (2 7.0 mmol/L),
in the subject’s blood plasma or blood serum. See Selvin, E. et al. Ann Intern Med. Published
online June 18, 2018.

[0482] In some embodiments, the present invention provides methods for treating or preventing
a disorder of glucose metabolism in a subject, wherein the subject has HbA;. greater than or
equal to 6.5%. In some embodiments, the present invention provides methods for treating or

preventing a disorder of glucose metabolism in a subject, wherein the subject has HbA ¢
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greater than or equal to 6.5% and fasting glucose concentration greater than or equal to 126
mg/dL (7.0 mmol/L) in the subject’s blood plasma or blood serum.

[0483] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of glucose in a subject’s blood plasma or blood serum,
comprising administering to a subject in need thereof an effective amount of a compound of the
invention or a composition of the invention, wherein the subject is pregnant. An “abnormally
high concentration” of giucose in a pregnant subject’s blood plasma or blood serum at fasted
state is greater than 5.3 mmol/L (95 mg/dL).

[0484] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of glucose in a subject’s blood plasma or blood serum,
comprising administering o a subject in need thereof (i) a glucose solution as part of a two-step
gestational diabetes test and (ii) an effective amount of a compound of the invention or a
composition of the invention. An “abnormaily high concentration” of glucose in a subject’s blood
plasma or blood serum at 1 hour after drinking the glucose solution in a two-step gestational
diabetes test is greater than 10 mmol/L (180 mg/dL). In the two-step procedure, the first step is
a 50 g glucose dose. If it results in a blood glucose level of more than 7.8 mmol/L (140 mg/dL),
it is followed by a 100 g glucose dose. An “abnormally high concentration: of glucose in a
subject’s blood plasma or blood serum at 2 hour after drinking the glucose solution in a two-
step gestational diabetes test is greater than 8.6 mmol/L (155 mg/dL). An “abnormally high
concentration: of glucose in a subject’s blood plasma or blood serum at 3 hour after drinking the
glucose solution in a two-step gestational diabetes test is greater than 7.8 mmol/L (140 mg/dL).

[0485] in some embodiments, the present invention provides methods for treating or
preventing a disorder of glucose metabolism in a subject, wherein the subject has impaired
glucose tolerance. In some embodiments, the present invention provides methads for treating
or preventing a disorder of glucose metabolism in a subject, wherein the subject has diabetes.
In some embodiments, the present invention provides methods for treating or preventing a
disorder of glucose metabolism in a subject, wherein the subject has confirmed undiagnosed
diabetes. In some embodiments, the present invention provides methods for treating or
preventing a disorder of glucose metabolism in a subject, wherein the subject has gestational

diabetes.

[0486] In some embodiments, the present invention provides methods for reducing abnormally
high concentration of insulin in a subject’s blood plasma or blood serum, comprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. An “abnormally high concentration” of insulin in a subject’'s
blood plasma or blood serum at a fasted state is greater than 25 miU/L (>174 pmol/L). in some
embodiments, the reducing is to a normal concentration. In some embodiments, the normal

concentration of insulin in a subject’s blood plasma or blood serum at a fasted state is less than
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25 mlU/L (< 174 pmol/L). See Buppajarntham, S. et al. Medscape emedicine, updated Jan. 2,
2019.

[0487] In some embodiments, the present invention provides methods for reducing abnormally
high concentration of insulin in a subject’s blood plasma or blood serum, comprising
administering to a subject in need thereof an effective amount of a compound of the invention

or a composition of the invention.

[0488] In some embodiments, the methods further comprise administering glucose to the
subject. In some embodiments, the methods do not comprise administering glucose to the
subject. In some embodiments, the subject is in a fasted state.

[0489] In some embodiments, the subject has an abnormally concentration of insulin in the
subject’s blood plasma or blood glucose at 30 minutes after glucose administration. An
“abnormally high concentration” of insulin in a subject’s blood plasma or blood serum at 30
minutes after glucose administration is greater than 230 miU/L (>1597 pmol/L). In some
embodiments, the reducing is to a normal concentration. In some embodiments, the normal
concentration of insulin in a subject’s blood plasma or blood serum at 30 minutes after glucose
administration is in the range of about 30 miU/L to about 230 mIU/L (208-1597 pmol/L). See
Buppajarntham, 2019.

[0490] In some embodiments, the subject has an abnormally concentration of insulin in the
subject’s blood plasma or blood serum at 1 hour after glucose administration. An “abnormaily
high concentration” of insulin in a subject’s blood plasma or blood serum at 1 hour after glucose
administration is greater than 276 mIU/L (>1917 pmol/L). In some embodiments, the present
invention provides methods for reducing abnormally high concentration of insulin in a subject’s
blood plasma or blood serum, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some
embodiments, the reducing is to a normal concentration. In some embodiments, the normal
concentration of insulin in a subject’s biood plasma or blood serum at 1 hour after glucose
administration is in the range of about 18 mIU/L to about 276 miU/L (125-1917 pmol/L). See
Buppajarntham, 2019.

[0491] In some embodiments, the subject has an abnormally concentration of insulin in the
subject's blood plasma or blood glucose at 2 hours after glucose administration. An “abnormally
high concentration” of insulin in a subject’s blood plasma or blood serum at 2 hour after glucose
administration is greater than 166 mlU/L (>1153 pmol/L). In some embodiments, the present
invention provides methods for reducing an abnormally high concentration of insulin in a
subject’s blood plasma or blood serum, comprising administering to a subject in need thereof
an effective amount of a compound of the invention or a composition of the invention. In some
embodiments, the normal concentration of insulin in a subject’s blood plasma or blood serum at
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2 hours after glucose administration is in the range of about 16 mlU/L to about 166 mIU/L (111-
1153 pmol/L). See Buppajarntham, 2019.

[0492] In some embodiments, the subject has an abnormally concentration of insulin in the
subject’s blood plasma or blood glucose at 3 hours after glucose administration. An “abnormally
high concentration” of insulin in a subject’s blood plasma or blood serum at 3 hours after
glucose administration is greater than 256 miU/L (> 174 pmol/L). In some embodiments, the
present invention provides methods for reducing an abnormally high concentration of insulin in
a subject’s blood plasma or blood serum, comprising administering to a subject in need thereof
an effective amount of a compound of the invention or a composition of the invention. in some
embodiments, the normal concentration of insulin in a subject’s blood piasma or blood serum at
3 hours or later after glucose administration is less than 25 mIU/L (< 174 pmol/L). See
Buppajarntham, 2019.

[0493] In some embodiments, the present invention provides methods for treating or preventing
a disorder of glucose metabolism in a subject, wherein the subject has insulin concentration in
the subject’s blood plasma or blood serum above 25 miU/L at a fasted state or after 3 hours
after glucose administration. See Buppajarntham, 2019.

[0494] In some embodiments, the disorder of glucose metabolism is an impaired glucose
tolerance; an insulin resistance; an insulin resistance-related breast, colon or prostate cancer;
diabetes; pancreatitis; hypertension; polycystic ovarian disease; or an abnormally high
concentration of blood insulin or glucose in the subject’s blood plasma or blood serum. In some
embodiments, the diabetes is non-insulin dependent diabetes mellitus (NIDDM), insulin
dependent diabetes mellitus (IDDM), gestational diabetes mellitus (GDM), or maturity onset
diabetes of the young (MODY).

[0495] In some embadiments, the present invention provides methods for treating or preventing
a metabolic syndrome (syndrome X), comprising administering to a subject in need thereof an
effective amount of a compound of the invention or a composition of the invention. In some
embodiments, the present invention provides methods for treating or preventing a symptom of a
metabolic syndrome (syndrome X), comprising administering to a subject in need thereof an
effective amount of a compound of the invention or a composition of the invention. In some
embodiments, the symptom is impaired glucose tolerance, hyper tension, dyslipidemia, or

dyslipoproteinemia.

[0496] In some embodiments, the present invention provides methods for treating or preventing
a vascular disease or cardiovascular disease, comprising administering to a subject in need
thereof an effective amount of a compound of the invention or a composition of the invention.
The term “cardiovascular disease” refers to a disease of the heart or circulatory system. In
some embodiments, the vascular disease or the cardiovascular disease is a peripheral vascular

disease, a coronary heart disease, stroke, restenosis, arteriosclerosis, ischemia, an
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endothelium dysfunction, an ischemia-reperfusion injury, a myocardial infarction, or a cerebral
infarction.

[0497] In some embodiments, the present invention provides methods for treating or preventing
a PPAR-associated disorder, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some
embodiments, the PPAR-associated disorder is rheumatoid arthritis, multiple sclerosis,
psoriasis, an inflammatory bowe! disease, breast cancer, colon cancer, or prostate cancer. In
some embediments, the PPAR-associated disorder is a vascular disease, a muscular disease,
a demyelinating disease, a muscle structure disorder, a neuronal activation disorder, a muscle
fatigue disorder, a muscle mass disorder, a mitochondrial disease, a mitochondrial dysfunction,
a beta oxidation disease, or a metabolic disease. In some embodiments, the PPAR-associated
disorder is an abnormally low concentration of HDL, an abnormally low concentration of
apolipoprotein A-l (apo A-1), an abnormally high concentration of VLDL-C, an abnormally high
concentration of low density lipoprotein cholesterol (LDL-C), an abnormally high concentration
of triglyceride, an abnormally high concentration of apolipoprotein B (apo B), an abnormally
high concentration of apolipoprotein C-ll (apo C-Ill) or an abnormally reduced ratio of post-
heparin hepatic lipase to lipoprotein lipase activity in the subject’s blood plasma or blood serum.
In some embodiments, the PPAR-associated disorder is an abnormally high concentration of

HDL or an abnormally low concentration of apo A-l in the subject’s lymph or cerebral fluid.

[0498] In some embodiments, the PPAR-associated disorder is abnormally low concentration
of lipoprotein lipase activity in the post-heparin plasma in a subject (subject’s blood plasma
after intravenous injection of heparin). In some embodiments, the present invention provides
methods for elevating an abnormally low concentration of lipoprotein lipase activity in the post-
heparin plasma, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. An “abnormally low concentration”
of lipoprotein lipase activity in the post-heparin plasma is less than 30 U/L. in some
embodiments, the elevating is to a normal concentration. In some embodiments, the normal
concentration is in the range from about 30 U/L to about 153 U/L (See Nakajima et al. Ciin
Chim Acta. 2018 Dec;487:54-59).

[0499] In some embodiments, the present invention provides methods for treating or preventing
a PPAR-associated disorder in a subject, wherein the subject has lipoprotein lipase activity in
the post-heparin plasma of less than 30 U/L.

[0500] In some embodiments, the subject is a male subject. An “abnormaily high concentration”
of HDL in a male subject is greater than 75 mg/dL.

[0501] In some embodiments, the subject is a female subject. An “abnormally high
concentration” of HDL for a female subject is greater than 90 mg/dL.
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[0502] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of HDL in a subject’s blood plasma or blood serum, comprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. In some embodiments, the reducing is to a normal
concentration. In some embodiments, the normal concentration for a male subject is less than
75 mg/dL. In some embodiments, the normal concentration for a female subject is less than 90
mg/dL. In some embodiments, the present invention provides methods for treating or
preventing a PPAR-associated disorder in a male subject, wherein the subject has HDL
concentration in the subject’s blood plasma or blood serum greater than 75 mg/dL. In some
embodiments, the present invention provides methods for treating or preventing a PPAR-
associated disorder in a female subject, wherein the subject has HDL concentration in the
subject’s blood plasma or blood serum greater than 90 mg/dL. See Hassan, M. et. al. Glob
Cardio! Sci Pract. 2016 Dec 30; 2016(4): e201634.

[0503] In some embodiments, the muscular disease is a muscular dystrophy disease. In some
embodiments, the muscular dystrophy disease is Duchenne muscular dystrophy, Becker
muscular dystrophy, a limb-girdle muscular dystrophy, congenital muscular dystrophy,
facioscapulohumeral muscular dystrophy, myotonic muscular dystrophy, oculopharyngeal

muscular dystrophy, distal muscular dystrophy, or Emery-Dreifuss muscular dystrophy.

[0504] In some embodiments, the demyelinating disease is multiple sclerosis, Charcot-Marie-
Tooth disease, Pelizasus-Merzbacher disease, encephalomyelitis, neuromyelitis optica,

adrenoleukodystrophy, or Guillian-Barre syndrome.

[0505] In some embodiments, the muscle structure disorder is Bethlem myopathy, central core
disease, congenital fiber type disproportion, distal muscular dystrophy (MD), Duchenne &
Becker MD, Emery-Dreifuss MD, facioscapulohumeral MD, hyaline body myopathy, limb-girdle
MD, a muscle sodium channel disorder, myotonic chondrodystrophy, myotonic dystrophy,
myotubular myopathy, nemaline body disease, oculopharyngeal MD, or stress urinary
incontinence.

[0506] In some embodiments, the neuronal activation disorder is amyotrophic lateral sclerosis,
Charcot-Marie-Tooth disease, Guillain-Barre syndrome, Lambert-Eaton syndrome, multiple
sclerosis, myasthenia gravis, a nerve lesion, peripheral neuropathy, spinal muscular atrophy,

tardy ulnar nerve palsy, or toxic myoneural disorder.

[0507] In some embodiments, the muscle fatigue disorder is chronic fatigue syndrome,
diabetes (type | or It), a glycogen storage disease, fibromyalgia, Friedreich's ataxia, intermittent
claudication, lipid storage myopathy, MELAS (mitochondrial encephalopathy, lactic acidosis,
and stroke-like episodes) syndrome, mucopolysaccharidosis, Pompe disease, or thyrotoxic
myopathy.
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[0508] In some embodiments, the muscle mass disorder is cachexia, cartilage degeneration,
cerebral palsy, compartment syndrome, critical illness myopathy, inclusion body myositis,

muscular atrophy (disuse), sarcopenia, steroid myapathy, or systemic lupus erythematosus.

[0509] In some embodiments, the mitochondrial disease is Alpers's disease, chronic
progressive external ophthalmoplegia (CPEQ), Kearns-Sayra syndrome (KSS), Leber
hereditary optic neuropathy (LHON), MELAS, myocionic epilepsy and ragged-red fiber disease
(MERRF), neurogenic muscle weakness (NARP), ataxia, retinitis pigmentosa, Pearson
syndrome, a mitochondrial malfunction, or a mitochondrial loss of functionality (for example,

due fo a drug affecting mitochondrial functions).

[0510] In some embodiments, the mitochondrial dysfunction is a drug induced mitochondrial
dysfunction.

[0511] In some embodiments, the beta oxidation disease is systemic carnitine transporter,
carnitine palmitoyltransferase (CPT) Il deficiency, very long-chain acyl-CoA dehydrogenase
(LCHAD or VLCAD) deficiency, trifunctional enzyme deficiency, medium-chain acyl-CoA
dehydrogenase (MCAD) deficiency, short-chain acyl-CoA dehydrogenase (SCAD) deficiency,
or riboflavin-responsive disorders of B-oxidation (RR-MADD).

[0512] In some embodiments, the metabalic disease is hyperiipidemia, dyslipidemia,
hyperchiolesterolemia, hypertriglyceridemia, HDL hypocholesteroclemia, LDL
hypercholesterolemia, HLD non-cholesterolemia, VLDL hyperproteinemia, dyslipoproteinemia,
apolipoprotein A-l hypoproteinemia, atherosclerosis, a disease of arterial sclerosis, a disease of
cardiovascular system, cerebrovascular disease, peripheral circulatory disease, metabolic
syndrome, syndrome X, obesity, diabetes, type | diabetes, type Il diabetes, hyperglycemia,
insulin resistance, impaired glucose tolerance, hyperinsulinism, a diabetic complication, cardiac
insufficiency, cardiac infarction, cardiomyopathy, hypertension, non-alcoholic fatty liver disease
(NAFLD), non-alcoholic steatohepatitis (NASH), a thrombus, Alzheimer disease, a
neurodegenerative disease, a demyelinating disease, multiple sclerosis, adrenal
leukodystrophy, dermatitis, psoriasis, acne, skin aging, trichosis, inflammation, arthritis, asthma,

hypersensitive intestine syndrome, ulcerative colitis, Crohn's disease, or pancreatitis.

[0513] In some embodiments, the present invention provides methods for treating or preventing
septicemia, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, septicemia
is septic shock.

[0514] In some embodiments, the present invention provides methods for treating or preventing
a thrombotic disorder, comprising administering to a subject in need thereof an effective

amount of a compound of the invention or a composition of the invention. In some
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embodiments, the thrombotic disorder is high concentration of fibrinogen in the subject’s blood

plasma or blood serum, or promotion of fibrinolysis.

[0515] In some embodiments, the present invention provides methads for treating or preventing
obesity, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, the obesity
is abdominal obesity. In some embodiments, the methods for treating or preventing obesity

further comprise promoting weight reduction in the subject.

[0516] In some embodiments, the present invention provides methods for treating or preventing
diabetic nephropathy, comprising administering to a subject in need thereof an effective amount
of a compound of the invention or a composition of the invention. In some embodiments, the
methods for treating or preventing diabetic nephropathy further comprise treating or preventing
a kidney disease that develops as a result of diabetes mellitus. In some embodiments, the
present invention provides methods for treating or preventing diabetes mellitus, comprising
administering to a subject in need thereof an effective amount of a compound of the invention

or a composition of the invention.

[0517] In some embodiments, the present invention provides methods for treating or
preventing diabetic retinopathy, comprising administering to a subject in need thereof an
effective amount of a compound of the invention or a compaosition of the invention. In some
embodiments, the methods for treating or preventing diabetic retinopathy resuit in treating or
preventing a complication of diabetes that can lead to or cause blindness.

[0518] In some embodiments, the present invention provides methods for treating or preventing
a cerebrovascular disease, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some

embodiments, the cerebrovascular disease is cerebral ischemia.

[0519] In some embodiments, the present invention provides methads for treating or preventing
a disorder related to neovascularization, comprising administering to a subject in need thereof
an effective amount of a compound of the invention or a composition of the invention. In some

embodiments, the disorder related to neovascularization is retinopathy or diabetes.

[0520] In some embodiments, the present invention provides methods for treating or preventing
hypertension, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, the
methods for treating or preventing hypertension resuilt in treating or preventing blood flow that

occurs through the subject’s vessels at a greater than normal force.

[0521] In some embodiments, the present invention provides methods for treating or preventing
cancer, comprising administering to a subject in need thereof an effective amount of a

compound of the invention or a composition of the invention. In some embodiments, the cancer
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is a human sarcoma or human carcinoma. ln some embodiments, the cancer is fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, bone cancer, breast cancer, ovarian cancer, prostate cancer, esophageal
cancer, aral cancer, nasal cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinoma, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, seminoma,
embryonal carcinoma, Wilms' tumor, cervical cancer, uterine cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, skin cancer,
melanoma, neurcblastoma, retinoblastoma, leukemia, acute lymphoblastic B-cell leukemia,
acute lymphoblastic T-cell leukemia, acute promyelocytic leukemia, acute monoblastic
leukemia, acute erythroleukemic leukemia, acute megakaryoblastic leukemia, acute
myelomonocytic leukemia, acute nonlymphocytic leukemia, acute undifferentiated leukemia,
chronic myelocytic leukemia, hairy cell leukemia, lymphoblastic leukemia, myelogenous
leukemia, lymphocyticleukemia, myelocytic leukemia, polycythemia vera, multiple myeloma,
lymphoma, Hodgkin’s disease, non-Hodgkin's lymphoma, Waldenstrom's macroglobulinemia,
or a heavy chain disease.

[0522] In some embodiments, the leukemia is acute or chronic lymphobtastic leukemia,
myelogenous leukemia, lymphocyticleukemia, lymphocytic leukemia, or myelocytic leukemia. In
some embodiments, the myelocytic leukemia is acute and is myeloblastic, promyclocytic,

myelomonocytic, monocytic or erythroleukemia

[0523] In some embodiments, the lymphoma is Hodgkin's lymphoma or non-Hodgkin's
lymphoma.

[0524] In some embodiments, the present invention provides methods for treating or preventing
an inflammatory disease, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some
embodiments, the inflammatory disease is multiple sclerosis, a chronic inflammatory disorder of
a joint, arthritis, a respiratory distress syndrome, an inflammatory bowel disease, an
inflammatory lung disorder, an inflammatory disorder, an inflammatory disorder of the gum,
tuberculosis, leprosy, an inflammatory disease of the kidney, an inflammatory disorder of the
skin, an inflammatory disease of the central nervous system, a systemic lupus erythematosus

(SLE) or an inflammatory disease of the heart.

{0525] In some embodiments, the arthritis is rheumatoid arthritis or osteoarthritis.
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[0526] In some embodiments, the inflammatory bowel disease is ileitis, ulcerative calitis or
Crohn’s disease.

[0527] In some embodiments, the inftammatory lung disorder is asthma or chronic obstructive

airway disease.

[0528] In some embodiments, the inflammatory disorder of the eye is corneal dystraphy,

trachoma, onchocerciasis, uveitis, sympathic ophthalmitis or endophthaimitis.
[0529] In some embodiments, the inflammatory disorder of the gum is periodontitis or gingivitis.

[0530] In some embodiments, the inflammatory disease of the kidney is glomerulonephritis or
nephrosis.

[0531] In some embodiments, the inflammatory disorder of the skin is acne, sclerodermatitis,
psoriasis, eczema, photoaging or wrinkles.

[0532] In some embodiments, the inflammatory disease of the central nervous system is AIDS-
related neurodegeneration, stroke, neurotrauma, Alzheimer’s disease, encephalomyelitis, or

viral or autoimmune encephalitis.
[0533] In some embodiments, the inflammatory disease of the heart is cardiomyopathy.

[0534] In some embodiments, the present invention provides methods for treating or preventing
a neurodegenerative disease, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some
embodiments, the neurodegenerative disease is Alzheimer's disease or Huntington’s disease.

[0535] In some embodiments, the present invention provides methads for treating or preventing
an autoimmune disease, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some
embodiments, the autoimmune disease is immune-complex vasculitis, systemic fupus or
erythematodes.

[0536] In some embodiments, the present invention provides methods for treating or preventing
a neoplastic disease, comprising administering to a subject in need thereof an effective amount
of a compound of the invention or a compasition of the invention. In some embodiments, the
neoplastic disease is carcinogenesis.

[0537] In some embodiments, the present invention provides methods for freating or preventing
cholestasis, comprising administering to a subject in need thereof an effective amount of the

compound of the invention or the composition of the invention.

[0538] In some embodiments, the cholestasis is intrahepatic cholestatic disease or extrahepatic
cholestatic disease. In some embodiments, the intrahepatic cholestatic disease is primary

biliary cholangitis (PBC), primary sclerosing cholangitis (PSC), progressive familial intrahepatic
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cholestasis (PFIC), or Alagille syndrome (AS). In some embodiments, the methods for treating
or preventing intrahepatic cholestatic disease result in preventing or reducing the risk of
developing an intrahepatic cholestatic disease, e.g., causing the clinical symptoms of an intra
hepatic cholestatic disease to not develop in a subject who may be predisposed to an
intrahepatic cholestatic disease by who does not yet experience or display symptoms of the
intrahepatic cholestatic disease (i.e., prophylaxis). In some embodiments, the methods for
treating or preventing intrahepatic cholestatic disease comprise inhibiting an intrahepatic
cholestatic disease, e.g., arresting or reducing the development of the intrahepatic cholestatic
disease or reducing the number, frequency, duration or severity of one or more of its clinical

symptoms.

[0539] In some embodiments, the present invention provides methods for treating or preventing
an ocular disease, comprising administering to a subject in need thereof an effective amount of
a compound of the invention or a composition of the invention. In some embodiments, the
ocular disease is dry eye, meibomian gland dysfunction, a keratoconjunctiva epithelial disorder,
a corneal epithelial disorder, or a corneal ulcer. In some embodiments, the ocular disease is dry
eye syndrome, corneal ulcer, superficial punctuate keratitis, corneal epithelial erosion, an ocular
allergic disease associated with corneal lesion such as vernal conjunctivitis, or atopic
keratoconjunctivitis. In some embodiments, the ocular disease is hyperevaporative dry eye. In
some embodiments, the ocular disease is injury of corneal epithelial cells. In some
embodiments, the injury of corneal epithelial cells is associated with endogenous diseases such
as Sjogren's syndrome, Stevens-Johnson syndrome, keratoconjunctivitis sicca (dry eye) or the
like. In some embodiments, the injury of corneal epithelial cells is associated with exogenous
diseases such as post-operation, drug use, trauma, corneal ulcer, meibomianitis, exogenous
diseases during wearing contact lenses or the like. In some embodiments, the injury of corneal
epithelial cells is associated with ocular allergic diseases accompanying corneal lesion such as
vernal conjunctivitis, atopic keratoconjunctivitis or the like. In some embodiments, the ocular

disease is superficial punctuate keratitis and comeal epithelial erosion.

[0540] In some embodiments, the methods for treating or preventing an ocular disease result in

promoting proliferation of meibomian gland epithelial cells and corneal epithelial cells.

[0541] In some embodiments, the present invention provides methods for treating or preventing
a lysosomal storage disorder, comprising administering to a subject in need thereof an effective
amount of a compound of the invention or a composition of the invention. In some
embodiments, the lysosomal storage disorder is neuronal ceroid lipofuscinosis, Alzheimer's
disease, Huntington's disease, amyotrophic lateral sclerosis (ALS), Parkinson's disease,
multiple system atrophy (MSA), progressive supranuclear palsy (PSP), corticobasal
degeneration (CBD), dementia with Lewy bodies (DLB), a disorder of the autophagy pathway,
Tay-Sach's disease, Fabry disease, Niemann-Pick disease, Gaucher disease, Hunter
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syndrome, alpha-mannosidosis, aspartylglucosaminuria, cholesteryl ester storage disease,
chronic hexosaminidase A deficiency, cystinosis, Danon disease, Farber disease, fucosidosis,

galactosialidosis, or Batten disease.

[0542] In some embodiments, the present invention provides methods for treating or preventing
a kidney disease, comprising administering to a subject in need thereof an effective amount of
a compound of the invention or a composition of the invention. In some embodiments, the
kidney disease is renal ischemia reperfusion injury. In some embodiments, the kidney disease
is acute kidney injury. In some embodiments, the methods for treating or preventing a kidney
disease result in lowering the subject’s risk for acute kidney injury following coronary artery

bypass graft, transplantation, and/or valve surgery.

[0543] In some embodiments, the subject has AKI. In other embodiments, the subject is at risk
for AKI.

[0544] AKI can be characterized by rapid decline in renal functions, which can be caused by a
number of factors, such as a reduction in renal blood flow, glomerulonephritis, use of

nephrotoxic antibiotics, use of anticancer agents, and sepsis.

[0545] Acute kidney injury can be diagnosed, for example, when a subject exhibits changes in
one or more of serum creatinine level, glomerular filtration rate, or urine output. For example,
AKI can be characterized by a serum creatinine level of at least 1.5 times baseline, wherein
baseline refers to the subject’s serum creatinine level no more than 7 days prior. For example,
a patient having AKI can have a serum creatinine level is 1.5 to 1.9 times baseline, 2.0 to 2.9
times baseline, or 3.0 or more times baseline. Alternatively, AK| can be characterized by an
increase in serum creatinine of at least 0.3 mg/dL or at least 0.4 mg/dL, for example by an

increase of serum creatinine of at least 0.3 mg/dL within a 48 hour period.

[0546] Alternatively, AKI can be characterized by a glomerular filtration rate of less than 90
mL/min/1.73 m2. For example, a subject having AKI can have glomerular filtration rate of 60-89
mL/min/1.73 m2, 30-59 mL/min/1.73 m?, 15-29 mL/min/1.73 m?, or less than 15 mL/min/1.73 m%

[0547] Alternatively, AKI can be characterized by a subject having a urine output of less than
0.5 mL/Kg over 6 hours, less than 0.5 mL/Kg over 12 hours, less than 0.3 mL/Kg over 12 hours,

or anuria for 12 or more hours.

[0548] AKI can be classified using the KDIGO criteria (Kidney Disease Improving Global
Outcomes. KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney International
Supplements 2012; 2: 1-138) shown in Table 12.

Table 12
KDIGO classification for AKI

5 Serum creatinine Urine output
Stage
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!—y Table 12
KDIGO classification for AKI
Stage Serum creatinine Urine output
] 1.5 — 1.9 times baseline <0.5mi/kg/h for 6-12 hours
OR
20.3 mg/dl (226 . 5umol/l) increase
> 2.0 — 2.9 times baseline <0.5mi/kg/h for 212 hours
3 3.0 times baseline <0.3ml/kg/h for 224 hours
OR OR
Increase in serum creatinine to 24.0 mg/dl Anuria for 212 hours
(2353.6umolfl)
OR
Initiation of renal replacement therapy
OR, in patients <18 years, decrease in eGFR to
<35ml/min per 1.73m?3

[0549] AKI can occur with specific kidney diseases (e.g., acute interstitial nephritis, acute
glomerular and vasculitic renal diseases); non-specific conditions (e.g., ischemia, toxic injury);
as well as extrarenal pathology (e.g.,prerenal azotemia, and acute postrenal obstructive
nephropathy). More than one of these conditions may coexist in the same subject and, more
importantly, epidemiological evidence supports the notion that even mild, reversible AKI has
important clinical consequences, including increased risk of death. Furthermore, because the
manifestations and clinical consequences of AKI can be quite similar (even indistinguishable)
regardless of whether the etiology is predominantly within the kidney or predominantly from
outside stresses on the kidney, AKI encompasses both direct injury to the kidney as well as

acute impairment of function.

[0550] In some embodiments, the subject having AKI or at risk of AKI has diabetes, underlying
renal insufficiency, nephritic syndrome, atherosclerotic disease, sepsis, hypotension, hypoxia,
myoglobinuria-hematuria, or liver disease. In some embodiments, the subject is elderly,
pregnant, a surgical patient, or has been exposed to a nephrotoxic agent. In a specific
embodiment, the subject having AKI or at risk of AKl is a surgical patient. Accordingly, in certain
embodiments, a compound of the disclosure is administered to a surgical patient after surgery,
e.g., after a cardiovascular procedure such as coronary artery bypass graft (CABG) surgery
and/or heart valve surgery.

[0551] In some embodiments, the subject has sepsis (e.g., associated with a gram-negative

bacterial infection). The sepsis can in some embodiments be caused by an intra-abdominal
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cavity infection or be urosepsis. Sepsis is a risk factor for AKI. Thus, in some embodiments, the

subject can be at risk for AKI, for example due to sepsis.

[0552] In some embodiments, the subject has a shortened sequential organ failure assessment
score (SOFA) score of 1 to 4 before treatment with a compound of the disclosure, e.g., a score
of 1, 2, 3, or 4 (see, Vincent et al. 1996, Intensive Care Med, 22:707-710).

[0553] In some embodiments, the subject has AKI secondary to an infection or is at risk of AKI

due to an infection, for example a viral infection, e.g., COVID-19.

[0554] In some embodiments, the subject having AKI or at risk of AKI has been exposed to a
nephrotoxic agent. A nephrotoxic agent is a drug or chemical capable of causing AKI. Drugs or
chemicals capable of causing AKI include, but are not limited to, cisplatin; gentamicin;
cephaloridine; cyclosporine; amphotericin; carbon tetrachloride; trichloroethylene; and

dichloroacetylene.

[0555] In some embodiments, the present invention provides methods for treating or preventing
impotence, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention, In some embodiments, the
impotence results from damages to a nerve, artery, smooth muscles, or fibrous tissue;
diabetes; kidney disease; alcoholism; multiple sclerosis; atherosclerosis; vascular disease; or
neurologic disease. In some embodiments, the methods for treating or preventing impotence

results in treating or preventing erectile dysfunction.

[0556] The present invention provides methods for treating or preventing hyperlipemia,
hyperlipidemia, hyperlipoproteinemia, hypercholesterolemia, hypertriglyceridemia, or
dyslipidemia, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, the

hypercholesterolemia is homozygous familial hypercholesterolemia.

[0557] The present invention provides methods for treating a subject having or preventing a
subject from having an abnormally high concentration in a subject’s blood plasma or blood
serum of high low-density lipoprotein (LDL), apolipoprotein B (apo B), lipoprotein(a) (Lp(a)),
apolipoprotein (a), or very low-density lipoprotein (VLDL), comprising administering to a subject
in need thereof an effective amount of a compound of the invention or a composition of the

invention.

[0558] An “abnormally high concentration” of lipoprotein-cholesterol can depend on the number
of risk factors and whether the treatment is for a primary or a secondary prevention. As used
herein a “primary prevention” refers to a treatment aimed to avoid a subject developing or
getting a disease or a condition. As used herein a “secondary prevention” refers to a treatment
aimed to detect a disease or a condition early and prevent the disease or condition from getting

worse or advancing. Recommended lipoprotein-cholesterol concentrations can be found in
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guidelines published by the National Lipid Association or by the National Institute of Health
National Heart, Lung, and Blood Institute such as the Third Report of the Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP 11l Final Report),
2002. The ATP lll Final Report is hereby incorporated by reference in its entirety for all

purposes.

[0559] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of apo B in a subject’s blood plasma or blood serum, comprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. In some embodiments, an “abnormally high concentration” of
apo B in a subject's blood plasma or blood serum is greater than 130 mg/dL. In some
embodiments, the reducing is to a normal concentration. In some embodiments, the normal
concentration of apo B in a subject’s blood plasma or blood serum is less than 130 mg/dL. In
some embodiments, the subject is a male subject. In some embodiments, the subject is a
female subject. In some embodiments, the present invention provides methods for treating a
subject with apo B blood plasma or blood serum concentration of greater than 130 mg/dL. In
some embodiments, the present invention provides methods for treating a subject with apo B
blood plasma or blood serum concentration of greater than 130 mg/dL, when the subject is at
low risk of coronary heart disease (CHD) having 0-1 CHD risk factors.

[0560] In some embodiments, the present invention provides methods for treating a subject
with apo B blood plasma or blood serum concentration of greater than 110 mg/dL, when the
subject is at moderate risk of CHD having 2 or more CHD risk factors. In some embodiments,
an “abnormalfy high concentration” of apo B in a subject’s blood plasma or blood serum is
greater than 110 mg/dL. In some embodiments, the subject has 2 or more CHD risk factors. In
some embodiments, the subject has a CHD or a CHD risk equivalent. In some embodiments,
the present invention provides methods for treating a subject with apo B blood plasma or blood
serum concentration of greater than 90 mg/dL, when the subject has a CHD or a CHD risk

equivalent.

[0561] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of Lp(a) in a subject’s blood plasma or blood serum, comprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. An “abnormally high concentration” of Lp(a) in a subject’s
blood plasma or blood serum is greater than 10 mg/dL. In some embodiments, the abnormally
high concentration of Lp(a) is associated with an increase in cardiovascular risk. In some
embodiments, the reducing is to a normal concentration. In some embodiments, the normal
concentration of Lp(a) in a subject’s blood plasma or blood serum is less than 10 mg/dL. In
some embodiments, the normal concentration of Lp(a) in a subject’s blood plasma or blood
serum is less than 50 mg/dL (See, Banach, M. J Am Heart Assoc. 2016 Apr; 5(4): e003597). In
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some embodiments, the present invention provides methods for treating a subject with Lp(a)
blood plasma concentration of greater than 50 mg/dL, comprising administering to a subject in
need thereof an effective amount of a compound of the invention or a composition of the

invention.

[0562] The present invention provides methods for treating a subject having or preventing a
subject from having an abnormally high apo B/apo A- ratio in a subject’s blood plasma or blood
serum, comprising administering to a subject in need thereof an effective amount of a
compound of the invention or a composition of the invention. In some embodiments, the
present invention provides methods for reducing an abnormally high apo B/apo A-l ratioin a
subject’s blood plasma or blood serum, comprising administering to a subject in need thereof
an effective amount of a compound of the invention or a composition of the invention. An
“abnormally high” apo Bfapo A-l ratio in a subject’'s blood plasma or blood serum is greater than
0.9. In some embodiments, the reducing is to a normal level. In some embodiments, a normal
apo B/apo A-l ratio in a subject’s blood plasma or blood serum is less than 0.9. In some
embodiments, the normal apo B/apo A-l ratio in a subject’s blood plasma or blood serum is less
than 0.7. In some embodiments, the subject has an apo B/apo A ratio in a subject’s blood
plasma or blood serum of greater than 0.9. In some embodiments, the subject has an apo
B/apo A-l ratio in a subject’s blood plasma or blood serum of greater than 0.7. See Walldius, G.
et al. J Intern Med. 2006 May;259(5):493-519.

[0563] In some embodiments, a male subject having an apo B/apo A-| ratio in the male
subject’s blood plasma or blood serum of greater than 0.9 is considered for a primary
prevention treatment. In some embodiments, a female subject having an apo B/apo A-l ratio in
the female subject's blood plasma or blood serum of greater than 0.8 is considered for a
primary prevention treatment. In some embodiments, the subject is a male subject and has an
apo Bfapo A-l ratio in the subject’s blood plasma or blood serum of greater than 0.9. In some
embodiments, the subject is a female subject and has an apo Bfapo A-l ratio in the subject’s

blood plasma or blood serum of greater than 0.8. See Walldius, 20086.

[0564] In some embodiments, a male subject having an apo Bf/apo A-l ratio in the male
subject’s blood plasma or blood serum of greater than 0.7 is considered for a secondary
prevention treatment. In some embodiments, a female subject having an apo B/apo A-l ratio in
the female subject’s blood plasma or blood serum of greater than 0.6 is considered for a
secondary prevention treatment. In some embodiments, the subject is a male subject and has
an apo B/apo Al ratio in the subject's blood plasma or blood serum of greater than 0.7. In
some embodiments, the subject is a female subject and has an apo B/apo Al ratio in the
subject’s blood plasma or blood serum of greater than 0.6. See Walldius, 2006.

[0565] The present invention provides methods for treating a subject having or preventing a

subject from having an abnormally low concentration in a subject’s blood plasma or blood
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serum of high-density lipoprotein (HDL), comprising administering to a subject in need thereof

an effective amount of the compound of the invention or the composition of the invention.

[0566] The present invention provides methods for treating a subject having or preventing a
subject from having an abnormally reduced or deficient lipoprotein lipase concentration or
activity in a subject’s blood plasma or blood serum, comprising administering to a subject in
need thereof an effective amount of a compound of the invention or a composition of the
invention. In some embodiments, the reduced or deficient lipoprotein lipase level or activity is a
result of a lipoprotein lipase mutation. In some embodiments, the reduced or deficient
lipoprotein lipase level or activity is a result of a mutation in a gene encoding a lipoprotein

lipase.

[0567] In some embaodiments, the present invention provides methods for elevating an
abnormally low concentration of lipoprotein lipase in a subject’s blood plasma or blood serum,
comprising administering to a subject in need thereof an effective amount of a compound of the
invention or a composition of the invention. An “abnormally reduced concentration” of
lipoprotein lipase in a subject’s blood serum is less than 46 ng/mL. In some embodiments, the
subject has an increased risk for future coronary artery disease. In some embodiments, the
elevating is to a normal concentration. In some embodiments, the normal concentration of
lipoprotein lipase in a subject’s blood serum is greater than 46 ng/mL. In some embodiments,
the present invention provides methods for treating a subject with lipoprotein lipase blood
plasma or blood serum concentration of less than 46 ng/mL, comprising administering to a
subject in need thereof an effective amount of a compound of the invention or a composition of
the invention. See Rip, J. et al. Arterioscler Thromb Vasc Biol. 2006 Mar;26(3):637-42. Epub
2005 Dec 22.

[0568] The present invention provides methods for treating a subject having or preventing a
subject from having an abnormally high concentration of lipoprotein-associated phospholipase
Az (Lp-PLA?) in a subject’s blood plasma or blood serum, comprising administering to a subject
in need thereof an effective amount of a compound of the invention or a composition of the
invention. An “abnormally high concentration” of Lp-PLA; in a subject’s blood plasma or blood
serum is greater than 200 ng/mL. In some embodiments, the subject has a risk for developing

cardiovascular disease. In some embodiments, the risk is high.

[0569] In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of Lp-PLA2 in a subject’s blood plasma or blood serum,
comprising administering to a subject in need thereof an effective amount of a compound of the
invention or a composition of the invention. In some embodiments, the reducing is to a normal
concentration. In some embodiments, the normal concentration of Lp-PLA; in a subject’s blood
plasma or blood serum concentration is less than 200 ng/mL. in some embodiments, the
present invention provides methods for treating a subject with Lp-PLA: blood plasma or blood
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serum concentration of greater than 200 ng/mL. See Davidson, M. H. et al, The American
Journal of Cardiology, 2008, 101, S51.

[0570] The present invention provides methods for treating or preventing
hypoalphalipoproteinemia, a lipoprotein abnormality associated with diabetes, a lipoprotein
abnormality associated with obesity, a lipoprotein abnormality associated with Alzheimer's
Disease, or familial combined hyperlipidemia, comprising administering to a subject in need

thereof an effective amount of a compound of the invention or a composition of the invention.

[0571] The present invention provides methods for reducing in a subject’s blood plasma or
blood serum an abnormally high concentration of triglyceride, low-density lipoprotein cholesterol
(LDL-C), very low-density lipoprotein cholesterol (VLDL-C), non-high-density lipoprotein
cholesterol, (non-HDL-C), lipoprotein(a) (Lp(a)). apolipoprotein B, HDL/(VLDL+LDL) ratio,
apolipoprotein C-li (apo C-I1) or apolipoprotein C-lil (apo C-lll), comprising administering to a
subject in need thereof an effective amount of a compound of the invention or a composition of
the invention.

[0572] An “abnormally high concentration” of triglyceride in a subject’s blood serum is greater
than 150 mg/dL. In some embodiments, the reducing is to a normal concentration. In some
embodiments, the normal concentration of triglyceride in a subject’s blood serum is less than
150 mg/dL.. In some embodiments, the present invention provides methods for reducing a
subject’s blood serum triglyceride concentration, where the subject has a blood serum
triglyceride concentration greater than or equal to 200 mg/dL. In some embodiments, the
present invention provides methods for reducing a subject’s blood serum triglyceride
concentration, where the subject has a blood serum triglyceride concentration greater than or
equal to 500 mg/dL.

[0573] An “abnormally high concentration” of LDL-C in a subject’s blood plasma or blood serum
for primary prevention is greater than 100 mg/dL. An “abnormally high concentration” of LDL-C
in a subject’s biood plasma or blood serum for secondary prevention in a subject with risk
factors is greater than 70 mg/dL. In some embodiments, the reducing is to a normal
concentration. In some embodiments, the normal concentration of LDL-C in a subject’s blood
plasma or blood serum is less than 100 mg/dL, wherein the subject is being considered for
primary prevention. In some embodiments, the normal concentration of LDL-C in a subject’s
blood plasma or blood serum is less than 70 mg/dL. In some embodiments, the subject has risk
factors and is being considered for secondary prevention. See Walldius, 2006.

[0574] In some embodiments, an “abnormally high concentration” of LDL-C in a subject’s blood
plasma or blood serum is greater than 160 mg/dL. In some embodiments, the reducing is to a
normal concentration. In some embodiments, the normal concentration of LDL-C in a subject’s
biood plasma or blood serum is less than 160 mg/dL. In some embodiments, the subject has 0-

1 CHD risk factors. In some embodiments, the present invention provides methods for treating
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a subject with LDL-C blood plasma or blood serum concentration of greater than 160 mg/dL. In
some embodiments, the present invention provides methods for treating a subject with LDL-C
blood plasma or blood serum concentration of greater than 160 mg/dL. in some embodiments,
the subject has 0-1 CHD risk factors. See Walidius, 2006.

[0575] In some embodiments, an “abnormally high concentration” of LDL-C in a subject’s blood
plasma or blood serum is greater than 130 mg/dL. In some embodiments, the subject has 2 or
more CHD risk factors. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of LDL-C in a subject’s blood plasma or blood
serum is less than 130 mg/dL. in some embodiments, the subject has 2 or more CHD risk
factors. In some embodiments, the present invention provides methods for treating a subject
with LDL-C blood plasma or blood serum concentration of greater than 130 mg/dL. In some
embodiments, the subject has 2 or more CHD risk factors. See Walldius, 20086.

[0576] In some embodiments, an “abnormally high concentration” of LDL-C in a subject’s blood
plasma or blood serum is greater than 100 mg/dL. In some embodiments, the subject has a
CHD or a CHD risk equivalent. In some embodiments, the reducing is to a normal
concentration. In some embodiments, the normal concentration of LDL-C in a subject’s blood
plasma or blood serum is less than 100 mg/dL. In some embodiments, the subject has a CHD
or a CHD risk equivalent. In some embodiments, the present invention provides methods for
treating a subject with LDL-C blood plasma or blood serum concentration of greater than 100
mg/dL. In some embodiments, the subject has a CHD or a CHD risk equivalent. See Walldius,
2006.

[0577] An “abnormally high concentration” of apo C-llI concentration in a subject’s blood
plasma or blood serum is greater than 7.87 mg/dL. In some embodiments, the reducing is to a
normal concentration, In some embodiments, the normal concentration of apo C-ifl
concentration in a subject’s blood plasma or blood serum is less than 7.87 mg/dL. In some
embodiments, the present invention provides methads for treating a subject, where the subject
has an apo C-lll blood plasma or blood serum concentration greater than 8 mg/dL. In some
embodiments, the present invention provides methods for treating a subject, where the subject
has an apo C-lI blood plasma or blood serum concentration greater than 7.9 mg/dL. In some
embodiments, the present invention provides methods for treating a subject, where the subject
has an apo C-lll blood plasma or blood serum concentration greater than 7.87 mg/dL. in some
embodiments, the abnormally high concentration of apo C-lll is associated with high risk of
coronary artery disease. See Capelieveen et al. Arterioscler Thromb Vasc Biol. 2017 Jun;
37(6): 1206-1212.

[0578] The present invention provides methods for reducing in a subject’s blood plasma or
blood serum an abnormally high LDL-C/HDL-C ratio, comprising administering to a subject in
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need thereof an effective amount of a compound of the invention or a composition of the

invention.

[0579] In some embodiments, an “abnormally high ratio” of LDL-C/HDL-C in @ male subject's
blood plasma or blood serum for primary prevention is greater than 3.0. In some embodiments,
the reducing is to a normal ratio. In some embodiments, the normal ratio of LDL-C/HDL-C in a
male subject’s blood plasma or blood serum is less than 3.0, wherein the subject is being
considered for primary prevention. In some embodiments, the present invention provides
methods for treating a male subject with an LDL-C/HDL-C ratio in a subject’s blood plasma or
blood serum of greater than 3.0. in some embodiment, the me method is for primary

prevention.

[0580] In some embodiments, an “abnormally high ratio” of LDL-C/HDL-C in a female subject’s
blood plasma or blood serum for primary prevention is greater than 2.5. In some embodiments,
the reducing is to a normal ratio. In some embodiments, the normal ratio of LDL-C/HDL-C in a
female subject’s blood plasma or blood serum is less than 2.5, wherein the subject is being
considered for primary prevention. In some embodiments, the present invention provides
methods for treating a female subject with an LDL-C/HDL-C ratio in a subject’s blood plasma or
blood serum of greater than 2.5. In some embodiment, the me method is for primary
prevention. See Walldius, 2006.

[0581] In some embodiments, an “abnormally high ratio” of LDL-C/HDL-C in a male subject's
blood plasma or blood serum for secondary prevention is greater than 2.5. In some
embodiments, the reducing is to a normal ratio. In some embodiments, the normal ratio of LDL-
C/HDL-C in a male subject’s blood plasma or blood serum is less than 2.5, wherein the subject
is being considered for secondary prevention. In some embodiments, the present invention
provides methods for treating a male subject with an LDL-C/HDL-C ratio in a subject’s biood
plasma or blood serum of greater than 2.5. In some embodiment, the me method is for

secondary prevention. See Walldius, 2006.

[0582] In some embodiments, an “abnormally high ratio” of LDL-C/HDL-C in a female subject’s
blood plasma or blood serum for secondary prevention is greater than 2.0. In some
embodiments, the reducing is to a normal ratio. In some embodiments, the normal ratio of LDL-
C/HDL-C in a female subject’s blood plasma or blood serum is less than 2.0, wherein the
subject is being considered for secondary prevention. In some embodiments, the present
invention provides methods for treating a female subject with an LDL-C/HDL-C ratio in a
subject’s blood plasma or blood serum of greater than 2.0. In some embodiment, the me
method is for secondary prevention. See Walldius, 2006.

[0583] The present invention provides methods for reducing in a subject’s blood plasma or

blood serum an abnormally high concentration of non-HDL-C, comprising administering to a
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subject in need thereof an effective amount of a compound of the invention or a composition of

the invention.

[0584] in some embodiments, an “abnormally high concentration” of non-HDL-C in a subject's
blood plasma or blood serum is greater than 190 mg/dL. In some embodiments, the reducing is
to a normal concentration. In some embodiments, the normal concentration of non-HDL-C in a
subject’s blood plasma or blood serum is less than 190 mg/dL. In some embodiments, the
subject has 0-1 CHD risk factors. In some embodiments, the present invention provides
methods for reducing a subject’s non-HDL-C concentration in the subject's blood plasma or
blood serum, wherein the non-HDL-C concentration is greater than 190 mg/dL. in some
embodiments, the subject has 0-1 CHD risk factors. See Walldius, 2006.

[0585] in some embodiments, an “abnormally high concentration” of non-HDL-C in a subject’'s
blood plasma or blood serum is greater than 160 mg/dL. In some embodiments, the subject has
2 or more CHD risk factors. In some embodiments, the reducing is to a normal concentration. In
some embodiments, the normal concentration of non-HDL-C in a subject’s blood plasma or
blood serum is less than 160 mg/dL. In some embodiment, the subject has 2 or more CHD risk
factors. In some embodiments, the present invention provides methods for reducing a subject’s
non-HDL-C concentration in the subject’s blood plasma or blood serum, wherein the subject’s
non-HDL-C concentration is greater than 160 mg/dL. In some embodiments, the subject has 2
or more CHD risk factors. See Walldius, 2006.

[0586] In some embodiments, an “abnormally high concentration” of non-HDL-C in a subject’s
blood plasma or blood serum is greater than 130 mg/dL. In some embodiments, the subject has
a CHD or a CHD risk equivalent. In some embodiments, the reducing is to a normal
concentration. In some embodiments, the normal concentration of non-HDL-C in a subject’s
blood plasma or blood serum is less than 130 mg/dL. In some embodiments, the subject has a
CHD or a CHD risk equivalent. In some embodiments, the present invention provides methods
for reducing a subject’s non-HDL-C concentration in the subject’s blood plasma or blood serum,
wherein the subject’'s non-HDL-C concentration is greater than 130 mg/dL. In some
embodiments, the subject has a CHD or a CHD risk equivalent. See Walidius, 2006.

[0587] The present invention provides methods for elevating in a subject’s blood plasma or
blood serum an abnormally low concentration of a high-density lipoprotein (HDL )-associated
protein, HDL-cholesterol (HDL-C), apolipoprotein A-|, or apolipoprotein E, camprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. In some embodiments, the HDL-associated protein is
apolipoprotein A-l (apo A-1), apolipoprotein A-ll (apo A-Il), apolipoprotein A-IV (apo A-IV) or
apolipoprotein E (apo E).

[0588] In some embodiments, an “abnormally low concentration” of HDL-C in a subject’s blood
plasma or blood serum is less than 40 mg/dL. in some embodiments, the elevating is to a
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normal concentration. In some embodiments, the normal concentration of HDL-C in a subject’s
blood plasma or blood serum is greater than 40 mg/dL. In some embodiments, the present
invention provides methods for elevating HDL-C concentration in a subject’s blood plasma or
blood serum, where the subject's HDL-C concentration is less than 40 mg/dL. In some
embodiments, the subject is a male subject. In some embodiments, the subject is a female

subject.

[0589] In some embodiments, an “abnormally low concentration” of HDL-C in a male subject’s
blood plasma or blood serum is less than 45 mg/dL. In some embodiments, the normal
congcentration of HDL-C in a male subject’s blood plasma or blood serum is greater than 45
mg/dL. In some embodiments, the present invention provides methods for elevating HDL-C
concentration in a male subject’s blood plasma or blood serum, where the subject’s HDL-C
concentration is less than 45 mg/dL.

[0590] In some embodiments, an “abnormally low concentration” of HDL-C in a female
subject’s blood plasma or blood serum is less than 50 mg/dL. In some embodiments, the
normal concentration of HDL-C in a female subject’s blood plasma or blood serum is greater
than 50 mg/dL. In some embodiments, the normal concentration of HDL-C in a female subject’s
blood plasma or blood serum is greater than 55 mg/dL. In some embodiments, the present
invention provides methods for elevating HDL-C concentration in a female subject’s blood
plasma or blood serum, where the subject’s HDL-C concentration is less than 50 mg/dL. In
some embodiments, the present invention provides methods for elevating HDL-C concentration
in a female subject’'s blood plasma or blood serum where the subject’s HDL-C concentration is
lower than 55 mg/dL.

[0591] In some embodiments, the present invention provides methods for elevating HDL-C
concentration in a subject’s blood plasma or blood serum to 45 mg/dL or greater, where the
subject’s HDL-C concentration in a subject’s blood plasma or blood serum is less than 40
mg/dL. In some embodiments, the present invention provides methods for elevating HDL-C
concentration in a subject’s blood plasma or blood serum to 50 mg/dL or greater, where the
subject's HDL-C concentration in a subject’s blood plasma or blood serum is less than 40
mg/dL. In some embodiments, the present invention provides methods for elevating HDL-C
concentration in a subject’s blood plasma or biood serum to 55 mg/dL or greater, where the
subject’s HDL-C concentration in a subject’s blood plasma or blood serum is less than 40
mg/dL.

[0592] In some embodiments, the present invention provides methods for elevating HDL-C
concentration in a male subject's blood plasma or blood serum to 50 mg/dL or greater, where
the subject’s HDL-C concentration in a subject’s blood plasma or blood serum is less than 45
mg/dL. In some embodiments, the present invention provides methods for elevating HDL-C

concentration in a female subject’s blood plasma or blood serum to 50 mg/dL or greater, where
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the subject’s HDL-C concentration in a subject’s blood plasma or blood serum is less than 50
mg/dL. In some embodiments, the present invention provides methods for elevating HDL-C
concentration in a female subject’s biood plasma or blood serum to 55 mg/dL or greater, where
the subject's HDL-C concentration in a subject’s blood plasma or blood serum is less than 50
mg/dL.

[0593] The present invention provides methods for promoting clearance of triglyceride from a
subject's blood plasma or blood serum, comprising administering to a subject in need thereof

an effective amount of the compound of the invention or the composition of the invention.

[0594] The present invention provides methods for increasing an abnormally low glucose
metabolism or increasing an abnormally low lipid metabolism in a subject, comprising
administering to a subject in need thereof an effective amount of a compound of the invention
or a composition of the invention. In some embodiments, the method for increasing an
abnormally low glucose metabolism increases insulin sensitivity or oxygen consumption in a
subject. In some embodiments, the method for increasing an abnormally low glucose
metabolism reduces blood insulin, blood glucose, or glycated hemoglobin in a subject’s blood
plasma or blood serum. In some embodiments, the methods for increasing an abnormally low
lipid metabolism reduces a concentration of LDL or free triglyceride in a subject’s blood plasma

or blood serum, or inhibits saponified or non-saponified fatty acid synthesis.

[0595] In some embodiments, a subject with abnormally low glucose metabolism has an
abnormally high concentration of glucose or hemogiobin (Hb) in the subject’s blood plasma or
blood serum. In some embodiments, the present invention provides methods for reducing an
abnormally high concentration of glucose or hemoglobin in a subject’s blood plasma or blood
serum. In some embodiments, the method increases abnormally low glucose metabolism. An
“abnormally high concentration” of glucose in a subject's blood plasma or biood serum in a two-
hour GTT is greater than 7.8 mmol/L (140 mg/dL). In some embodiments, reducing is to a
normal concentration. In some embodiments, the normal concentration of glucose in a subject’s
blood plasma or blood serum in a two-hour GTT is less than 7.8 mmol/L (140 mg/dL). In some
embodiments, the present invention provides methods for increasing abnormally low glucose
metabolism in a subject’s biood plasma or blood serum, where the subject’s glucose
concentration in the subject’s blood plasma or blood serum in a two-hour GTT is greater than
7.8 mmol/L (140 mg/dL). In some embodiments, the present invention provides methods for
increasing abnormally low glucose metabolism in a subject, where the subject’s glucose
concentration in the subject’s blood plasma or blood serum in a two-hour GTT ranges from

7.8 mmol/L (140 mg/dL) to 11.1 mmol/L (200 mg/dL). In some embodiments, the present
invention provides methods for increasing abnormally low glucose metabolism in a subject,
where the subject’s glucose concentration in the subject’s blood plasma or blood serum in a
two-hour GTT is above 11.1 mmol/L (200 mg/dL).

199



WO 2022/189856 PCT/1IB2022/000106

[0596] In some embodiments, the present invention provides methods for increasing
abnormally low giucose metabolism in a subject, where the subject has impaired glucose
tolerance. In some embodiments, the present invention provides methods for increasing
abnormally low glucose metabolism in a subject, where the subject has diabetes. in some
embodiments, the present invention provides methods for increasing abnormally low glucose
metabolism in a subject, where the subject has gestational diabetes.

[0597] A low lipid metabolism can be characterized by dyslipidemia (using the LDL-C, TGs,
non-HDL-chol, apo B, apo C-lll or apo C-ll values) but also with elevated concentration of
transaminases. In some embodiments, the subject having a low lipid metabolism also has
dyslipidemia.

[0598] The present invention provides methods for treating or preventing a symptom of a
disease selected from inflammation, systemic lupus erythematosus, lupus nephritis, or arthritis,
comprising administering to a subject in need thereof an effective amount of a compound of the
invention or a composition of the invention. In some embodiments, the arthritis is adjuvant
arthritis or type !l collagen-induced arthritis. In some embodiments, the symptom is nephritis,
kidney failure, or kidney function reduction. In some embodiments, the kidney function

reduction requires renal dialysis.

[0599] The present invention provides methods for reducing fat content of meat in livestock,
comprising administering to livestock an effective amount of a compound of the invention or a

composition of the invention.

[0600] The present invention provides methods for reducing cholesterol content of a fowl egg,
comprising administering to a fowl species an effective amount of 2 compound of the invention

or a composition of the invention.

[0601] In some embodiments, the methods of the invention provide administering a dosage
form of the compounds of the invention or the compositions of the invention hourly, daily,
weekly, or monthly. The dosage forms and formuiations of the present invention may be
administered three times a day, twice a day or once a day. The dosage forms of the present
invention can be administered with food or without food. An appropriate length of the treatment,

dosages, and route of administration can be determined and/or adjusted by a physician.
[0602] In some embodiments of the methods of the invention, the subject is a human subject.

5.5. Synthesis of Compounds of the Invention
[0603] Compounds of the invention can be synthesized by conventional means. Exemplary
processes for synthesizing exemplary compounds of Formula (A) and Formula (B) are
described in Examples 1-3, infra. WO 2011/020001, the contents of which are incorporated
herein by reference in their entireties, describes PPAR modulator compounds (described
therein as compounds of Formulas (I)-(XX)) and processes for their synethesis. Compounds of
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Formulas (N-(XX) described in WO 2011/020001 can be used as starting materials for
synthesis of compounds of Formulas (C)-(H) and (J)-(W) of the present invention, respectively.
For example, compounds of WO 2011/020001 having a ketone can be reduced with a reducing
agent, such as NaBH,, optionally in the presence of a Lewis acid, such as CeCls, or in an
alcohol solvent, such as methanol, to provide convert the ketone group to a hydroxyl group.
Similarly, carboxylic acid groups of compounds of WO 2011/020001 can be reduced to a
hydroxymethyl group using a reducing reagent, such as LiAlH,, followed by an agueous acid

workup to provide a compound of the invention.

[0604] WO 2017/062468, the contents of which are incorporated herein by reference in their
entireties, describe PPAR modulator compounds (described therein as compounds of Formulas
(1)-(11)) and processes for their synthesis. Compounds of Formulas (I)-(lll) described in WO
2017/06246 can be used as starting materials for synthesis of compounds of Formulas (X)-(Z)
of the present invention, respectively. Carboxylic acid groups of compounds of WO 2017/06246
can be reduced to a hydroxymethyl group using a reducing reagent, such as LiAlH,, followed by
an aqueous acid workup to provide a compound of the invention.

[0605] WO 2017/180818, the contents of which are incorporated herein by reference in their
entireties, describe PPAR modulator compounds (described therein as compounds of Formulas
(1)) and processes for their synthesis. Compounds of Formula (1) described in WO 2017/180818
can be used as starting materials for synthesis of compounds of Formula (AA) of the present
invention. Carboxylic acid groups of compounds of WO 2017/180818 can be reduced to a
hydroxymethyl group using a reducing reagent, such as LiAlH;, followed by an aqueous acid
workup to provide a compound of the invention.

[0606] WO 2018/067857, the contents of which are incorporated herein by reference in their
entireties, describe PPAR modulator compounds (described therein as compounds A, B, and
C) and processes for their synthesis. Compounds B and C described in WO 2018/067857 can
be used as starting materials for synthesis of Compounds Vil and Vili. Carboxylic acid groups
of compounds of WO 2017/180818 can be reduced to a hydroxymethyl group using a reducing
reagent, such as LiAlH., followed by an aqueous acid workup to provide a compound of the
invention.

[0607] For selective reduction of a carboxylic acid in a compound having both a ketone and a
carboxylic acid group, e.g., some compounds described in WO 2011/020001, the ketone can
be protected, for example by reacting the compound with ethylene glycol in the presence of
catalytic acid, such as 0.1 M HCI, to form an acetal compound. The acetal can be removed
following reduction of the carboxylic acid group, for example by aqueous acid workup. For
selective reduction of a ketone in a compound having both a ketone and a carboxylic acid
group, e.g., some compounds described in WO 2011/020001, the ketone can be selectively

reduced by employing a less reactive reducing agent such as NaBH..
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6. EXAMPLES
6.1. Example 1. Synthesis of Compound |

O O
O LR R
NN N
0O ®» OH

[0608] (Z)-2-(2,6-dimethyl-4-(3-(4-(methylthio)phenyl)-3-oxoprop-1-en-1-yl)phenoxy)-2-
methylpropanocic acid (*Compound A”) is synthesized according to US2006/0142611.
Compound A is then reduced using a reducing agent, such as NaBH., optionally in the
presence of a Lewis acid, such as CeCls, or in an alcohol solvent, such as methanol, to provide
Compound | racemate. Compound | racemate is then resolved to provide its (S)- and (R)-
enantiomers, each being substantially free of its corresponding opposite enantiomer, using a

chiral high performance liquid chromatography.

6.2. Example 2. Synthesis of Compound i
o] o s
S (e] S O%‘\ -~ O OH
RPN e Gy e s 3
step 1 oo step 2 3
o ® /(B )

[0609] Acetal Compound B is synthesized from Compound A and ethylene glycol in the
presence of catalytic acid, such as 0.1 M HCI. See, e.g., Dong, J-L., et al. ACS Omega, 2018,
3, 4974 for acetal formation specifically on a,B-unsaturated ketones. The carboxyl group of
Compound B is subsequently reduced to a hydroxymethyl group using a reducing reagent,

such as LiAlH., followed by an aqueous acid workup, which removes the acetal to provide

Compound .
6.3. Example 3. Synthesis of Compound llI
S 0 OH S O7<\OH
O K —— "0 L)
e X
O OH  mp

[0610] Compound Il is reduced using a reducing agent, such as NaBHa4, optionally in the
presence of a Lewis acid, such as CeCls, or in an alcohol solvent, such as methanol, to provide
Compound il racemate. Compound lll racemate is then resolved to provide its (S)- and (R)-
enantiomers, each being substantially free of its corresponding opposite enantiomer, using a
chiral high performance liquid chromatography.

6.4. Example 4. Hepatic and Peripheral Insulin Sensitive Effects in Rats Fed a
High Fat/Medium Fructose Diet (Western Diet)
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[0611] After 8 weeks of high fat diet, rats are treated for 5 weeks with pioglitazone (10 mg/kg),
metformin (50 mglkg), an illustrative compound of the invention (3 and 10 mg/kg). alone or in
association with metformin (50 mg/kg), and GW501516 (2-[2-methyl-4-[[4-methyl-2-[4-
(trifluoromethyl)phenyl]-1 ,3-thiazol-5-yljmethylsulfanyllphenoxylacetic acid) (10 mg/kg;
ligand/GSK). Body weight can be decreased by metformin and this effect can be emphasized
when it is associated with the illustrative compound of the invention in a dose of 10 mg/kg. After

17 days of treatment, rats are fasted for 4 hours and blood is sampled.

[0612] The glucose tolerance is assessed after 21 days of treatment by an oral glucose load

performed after 6 hours of fasting.

[0613] After 5 weeks of treatment, an euglycemic-hyperinsulinemic clamp procedure is
performed in awake rats. Two doses of insulin are infused with 3H-glucose: 0.2 U/kg/h to
assess an effect on hepatic glucose production (HGP) and 0.8 U/kg/h to inhibit HGP and then

to assess an effect on whole body glucose utilization.

6.4.1. Animal Model
[0614] Male Sprague Dawley (SD) rats (250-275 g) are first fed with the western diet during 8
weeks for inducing insulin resistance. The first set of rats undergoes an oral glucose tolerance
test (OGTT) after 3 weeks of treatment (half rats/group of the clamp arm) and the second set
also undergoes an OGTT after 3 weeks of treatment (half rats/group of clamp arm) and the

histology study (3 rats/group).

[0615] Rats of each set are screened and randomized into the several groups according to
their fasted (4 h) plasma glucose, insulin levels (for homeostatic model assessment of insulin
resistance (HOMA-IR) calculation) and body weight. Rats that do not respond to the western
diet are excluded from the study.

[0616] Homogenous mild obese and insulin resistant rats are allocated into the different
treatment groups and western diet is continued until the end of the experiment. Given that, the

2 series started with a gap of one week.

6.4.2. Treatments
[0617] Dosage regimen: Rats are treated once daily via the oral route, in the morning. The
duration of the treatment is between 5 and 5.5 weeks.

6.4.3. Test Groups
Group 1: vehicle (n=12)
Group 2: pioglitazone, 10 mg/kg (n=12)
Group 3: metformin, 50 mg/Kg (n=12)
Group 4: an illustrative compound of the invention, 3 mg/Kg (n=12)
Group 5: an illustrative compound of the invention, 10 mg/Kg (n=12)

Group 6: an illustrative compound of the invention, 3 mg/Kg + metformin 50 mg/kg (n=12)
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Group 7: an illustrative compound of the invention, 10 mg/Kg + metformin 50 mgfkg (n=12)
Group 8: GW501216, 10 mg/Kg (n=12)

6.4.4. Fasting Conditions
[0618] Fasting conditions for the OGTT and the clamp procedure: food is removed from the
cage and litter is changed just before lights-off (between 7:30 and 8:00 am). Then each
experiment starts after about 6 hours of fasting (between 1:30 and 2:00 pm).

[0619] Fasting conditions for plasma parameters: food is removed from the cage and litter is
changed 4 hours after lights-off (between 11:30 am and noon). Then blood coffection starts
after 4 hours of fasting (at 4:00 pm).

6.4.5. Oral Glucose Tolerance Test
[0620] After 3 weeks of treatment, rats are fasted for 6 hours and an oral glucose load (2.5 g/kg
body weight) is performed. Blood glucose is measured 30 minutes before glucose load and at
0, 15, 30, 60, 90 and 120 minutes.

6.4.6. Euglycemic-Hyperinsulinemic 2 Steps Clamp with 3H-Glucose
[0621] After 4 weeks of treatment, a catheter is implanted into the femoral vein under isoflurane
anesthesia and a period of 5-6 days is respected for recovery. Rats that do not recover body
weight are excluded from the study. The accepted body weight loss estimated on the day of
perfusion is fixed at 5% in groups where treatments should not affect body weight (as seen
during body weight follow-up) (vehicle, pioglitazone and the illustrative compound of the
invention, mg/kg groups) and at 10% where treatments decreases it (the 5 other groups). The
morning of the clamp procedure, rats are treated and fasted for 6 hours prior to fracer, glucose
and insulin infusions. The beginning of the clamp procedure is performed in the middle of the
dark cycle.

[0622] The euglycemic-hyperinsulinemic 2 steps insulin clamp is performed using 0.2 U/kg/h
and 0.8 U/kg/h insulin infusion associated with 3H-glucose infusion. Thereafter the following

parameters are assessed:

Whole body glucose utilization
Hepatic glucose production
Glucose infusion rate

Whole body glycogen and glycolytic rates

6.4.7. In Vivo Glucose Utilization Rate
[0623] During the clamp procedure, a bolus (30 pCi) of D-[3-3H]glucose is first injected
followed by 4 uCi/min/kg infusion rate during all the experiment to ensure a detectable plasma
D[3-3H]glucose enrichment. A bolus of insulin (100 mU) is first injected, and insulin is then
infused at a rate of 0.2 U/kg/h for the first 2 hours and 0.8 U/kg/h from 120 minutes to 210

minutes.
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[0624] Throughout the infusion, glycaemia is assessed with a biood glucose meter from the tip
of the tail vein when needed. Euglycemia is maintained by periodically (every 10 minutes)
adjusting a variable infusion of 30% glucose. Plasma glucose concentrations and D-[3-
3H]glucose specific activity are determined during stable phase in 10 pl of blood sampled from
the tip of the tail vein every 20 minutes from 60 to 120 minutes during the first step and from
150 to 210 minutes during the second step.

[0625] For glucose turnover measurements, D-[3-3H]glucose enrichments are determined from
total blood after deproteinization by a Zn(OH): precipitate. Briefly, an aliquot of the supernatant
is evaporated to dryness to determine the radioactivity corresponding to D-3-3H. In a second
aliquot of the same supernatant, glucose concentration is assessed by the glucose oxidase

method (Biomérieux, France).

6.4.8. Calculation
[001] Calculations for glucose turnover measurements are made from parameters obtained
during the infusions in steady-state condition (60-120 and 160-210 minutes). Briefly, the D-[3-
3H]glucose specific activity is calculated by dividing the D-[3-3H]glucose enrichment by the
plasma glucose concentration. The whole body glucose turnover rate is calculated by dividing
the rate of D[3-3H]glucose by the D~[3-3H]glucose plasma specific activity. For each rat, the
mean values are calculated and averaged with values from rats of the same group. The whole
body glycolysis rate are measured by assessing the amount of tritiated water accumulated in
the blood during the 3H-glucose infusion and the whole body glycogen synthesis rate are
calculated by the difference between the whole body glucose turnover and the whole body

glycolysis rate.

6.4.9. Blood, Tissue Collection and Biochemistry
[0626] At the end of the clamp procedure (9.5 hours fasting), perirenal, retroperitoneal,
epididymal and inguinal fat pads and liver weights are recorded. Blood is collected from cardiac
puncture and plasmas are stored at —80 °C for further assays if needed (depending on the
radioactive state of samples). Liver triglyceride content is assessed (enzymatic-colorimetric
method) as well as liver and adipose tissue TNF-a content (enzyme-linked immunosorbent
assay (ELISA) method). See US 2011/0092517, which is hereby incorporated by reference in
its entirety.

6.5. Example 5. Mouse and Rat PPAR Transcriptional Activation in Cell-Based
Transactivation Assay
6.5.1. Assays with GAL4-PPAR Chimera Receptors
6.5.1.1. Receptor Expression Plasmids

[0627] An established chimeric receptor system (Lehmann J M et. al. J Biol Chem. 1997;
272(6):3406-10) is utilized to allow comparison of the relative transcriptional activity of the
receptor subtypes. The mammalian expression vectors pSG5-GAL4-PPARa, pSGS5-GAL4-
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PPARy and pSG5-GAL4-PPARS from homo sapiens (hs) (NM-006238, NM_015869, NM_
001001928), macaca mulatta (mm) (NM._001033029, XM—-001116676, NM_001032860), mus
musculus (m) (NM—011144, U10375, NM_011146) and rattus norvegicus (r) (NM_013141,
NM_013196, NM_013124), which express the ligand binding domains (LBDs) of human
PPARa (amino acids 167-468 for hs and m, amino acids 167-467 for mm), PPARy1 (amino
acids 176-477 for hs, amino acids 204-505 for m and mm from PPARY) and PPARS (amino
acids 139-441 for hs and mm, amino acids 139-440 for m) each fused to the yeast transcription
factor GAL4 DNA binding domain (amino acid 1-147) and the human glucocorticoid receptor

(amino acids 1-78), are cloned.

[0628] Reporter plasmid: MH100x4-tk-luc (Forman B M et al. Cell. 1995 81(4):541-50) is used
as the reporter plasmid.

6.5.1.2. Transient Transfection Assays
[0629] The African green monkey kidney cell line, CV-1 is used for the transfection assays. CV-
1 cells are seeded in 24-well plates at 0.5%10° cells per well and are cultured for 24 hours.
Transfection mixtures for chimera receptors contain 30 ng of receptor expression plasmid, 120
ng of the reporter plasmid, 350 ng of pCMX-B-galactosidase (BGAL) expression plasmid as a
control for transfection efficiency, 250 ng of pGEM4 carrier plasmid and 2 pL of a lipofection
reagent (Lipofectamine 2000, invitrogen). These mixtures are added to cells and incubated for
5 hours according to the manufacturer's instructions. After the transfection, cells are incubated
for an additional 40 hours in the presence of the illustrative compounds of the invention or each
reference compound at different concentrations. Cell lysates are prepared with a lysis buffer
(Passive Lysis Buffer, Promega) and used in the luciferase and BGAL assays. The luciferase
and BGAL activity are measured with the Luciferase assay system (E4030, Promega) and with
the BGAL enzyme assay system (E2000, Promega). Assays are performed in triplicate for
GAL4-chimeras. Experiments are repeated at least three times.

6.5.1.3. Calculation of Relative PPAR Transactivation Activities
[0630] Each point of a relative PPAR transcriptional activity to maximal activity is calculated

based on the values bellow:

[0631] Luciferase activity of cells treated with a positive control (105M GW-590735 for
hPPARa, 3x1075M rosiglitazone maleate for hPPARYy assays and 10°M GW-501516 for
hPPARJ) as the maximal activity, and luciferase activity of cells treated with 0.1% of DMSO as

the minimum activity.

6.5.1.4. Calculation of ECs, Values
[002] ECs values defined as the concentration of the illustrative compound of the invention and
GW-501516 to produce 50% of maximal reporter activity re calculated with Prism software
(Graphpad Software).
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6.5.1.5. Experiments with 10% Serum vs 0.1% Serum.
[0632] Experiments at 2 serum concentrations: 10% and 0.1%. The EC50 are calculated as

previously described.

[0633] First, the assay is set up and the GAL4-chimeras/reporter plasmids are validated using
homo-sapiens sequences of the different PPAR. The experiments are conducted at 10% and
0.1% serum with GW501516 (PPARS agonist).

[0634] Plasmid Reference is as indicated in US 2011/0092517, which is hereby incorporated

by reference in its entirety.

Example 6. Synthesis of Compound IV

\J\ . N S5 OvliOH
) \
W m F?/@d<s 0\—/0 7 .

) \ O ™on
F C@%
0

Compound IV

[0635] Acetal Compound B is synthesized from Compound A (see, WO 2011/020001; US
7,265,137) and ethylene glycol in the presence of catalytic acid, such as 0.1 M HCI. The
carboxyl group of Compound B is subsequently reduced to the alcohol using a reducing
reagent, such as LiAlH,, followed by an aqueous acid workup, which removes the acetal to
provide Compound V.

6.7. Example 7. Synthesis of Compounds V, Va, and Vb
o]
i » } . ,o\)j\OH ) \ Oon
F 0 OH
A Compound V

[0636] Compound V is synthesized from Compound A (see, WO 2011/020001; US 7,265,137)
by reducing the carboxylic acid and ketone groups to the corresponding alcohols using a
reducing reagent, such as LiAlH4, provide Compound V. Compound V is then resolved to
provide its (S)- and (R)-enantiomers, each being substantially free of its corresponding opposite
enantiomer, using a chiral high performance liquid chromatography.

6.8. Example 8. Metabolic Profiling of Compounds of the Invention in
Crypreserved Hepatocytes
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6.8.1. Obijective
[0637] The objective of this study is to investigate the formation of metabolites of compounds of
the invention incubated in human and cynomolgus monkey cryopreserved hepatocytes,
including the specific compounds of Formulae (A)-(H) and (J)-(AA) described in Section 5.2
(including subparts thereof), Compound 1V, Compound V, Compound VI, Compound Va,
Compound Vb, Compound VI, Compound VIl, and Compound VIII.

6.8.2. Assay Description
[0638] The compounds of the invention (each a “test article” for purpose of the assay) are
incubated in cryopreserved hepatocytes from human and cynomoigus monkey to provide

comparative data on Phase | and Il hepatic metabolites.

6.8.2.1. Materials
[0639] The following materials are used:

CNC-00X

Human liver hepatocytes, male

Cynomolgus monkey liver hepatocytes, male
Dulbecco’'s Modified Eagle’'s Medium (DMEM)

ITS+1 solution, Dexamethasone (Sigma)

Hepatocyte incubation medium (Xenotech)
7-ethoxycoumarin and 7-hydroxycoumarin (Sigma)
Mass spectrometer with LC sample introduction system

6.8.2.2, Procedure
[0640] Each sample consists of a compound of the invention at 10 uM (diluted from 10 mM
DMSO stocks, 0.2% DMSOQO in the final incubation) and cryopreserved hepatocytes at 100,000
viable cells per well final concentration in a final volume of 100 pL. The incubation buffer for
human hepatocytes is supplemented DMEM (supplements are dexamethasone, 3.3 mM; insulin
and transferrin, 5 pg/mL each; selenium, 5 ng/mL). The incubation buffer for monkey
hepatocytes is hepatocyte incubation medium without additional supplementation. The samples
are incubated at 37°C in a 96-well plate in a humidified incubator, 95% air/5% CO,, with gentle
shaking. At T=0, 60 or 120 minutes, 100 L of acetonitrile containing the internal standard
{metoprolol) is added to stop the reaction. The positive controls 7-ethoxycoumarin and 7-

hydroxycoumarin are incubated in the same way as each evaluated compound.

[0641] The samples are centrifuged prior to analyses by LC-MS using electrospray ionization
and SIM monitoring. The positive controls are assayed for 7-hydroxycoumarin using a
fluorescence plate reader.
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[0642] Metabolite identification is conducted for up to 5 days utilizing LC/MS methods.
[0643] Metabolite profiling is based on mass chromatograms of test article related components.

[0644] LC/MS sensitivity for test article metabolites is presumed to be the same as for the test
article.

6.8.3. Results
[0645] Compounds of the invention are found to be metabolized to compounds having PPAR
agonist activity and/or metabolites thereof.

7. SPECIFIC EMBODIMENTS

71. Specific Embodiments, Group 1
[0646] Various aspects of the present disclosure are described in the numbered embodiments
set forth in the following numbered paragraphs, where reference to a previous numbered
embodiment refers to a previous numbered embodiment in this Section 7.1.

1. A compound of Formula (A):
S 0 (CHp)a-X
~
\©\/\ﬂﬁ R?<R2
N
OH (A), or a pharmaceutically acceptable salt, solvate,

ester, amide, or prodrug thereof, wherein:

each R' and R? is independently -C+-Cs alkyl, -C»-Cs alkenyl, -C2-Cq alkynyl, phenyl, or
benzyl; or alternatively, R' and R? together with the carbon atom to which R and R? are
attached form a Cs-C7 cycloalkyl group;

X is -CH20H, -COOH, -COH, -COOR?, -COOCH,CONRR®, -SO3H,

O
0O 0 O (6]
A °
QO O s ) O s ) O ,
HO 0
CO
OH o o
’ I \/{:j (CL ’
) 0 0 » H L] ()7 9}
(0] 6}

o
0 0 0
| Il | | |
0—1‘>~

p P
”4 OR® “4 (|)R6 (l)RG L“é cl)R6 C‘)Ré éRﬁ ;
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= <, N
atatiat 0

,OF CH,

R? is -C-Cs alkyl, -C2-Cs alkenyi, -C2-Ce alkynyl, phenyl, or benzyl;

each R* and R® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R®
together with the carbon atom to which R* and R® are attached form a heterocycle;

each R® and R’ is independently H, -C1_Cs alkyl, -C2-Cs alkenyl, or -C;-Cs alkynyl: and

nis0,1, 2, 3, or4.

2. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein the compound is a racemate or a mixture
of enantiomers or diastereomers.

3. The compound ar pharmaceutically acceptable sait, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein the compound has an hydroxyl-bearing

allylic carbon atom having an (R)-stereochemistry and has the structure

S O._(CHyp)yX
% R?<RZ

OH

4. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 1, wherein the compound has an hydroxyl-bearing
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allylic carbon atom having an (S)-stereochemistry and has the structure
S OY(CHQ),,—X
Clo X
OH .

5. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 3 or 4, wherein the compound is substantially free of
its corresponding opposite sterecisomer.

6. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 3-5, wherein the compound has an olefin
isomer configuration of (Z) or (E).

7. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein the compound is a (Z)-isomer and has the

0
OH O OX(CHQ),,-X
R! R2

8. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

structure X

prodrug of the compound of embodiment 1, wherein the compound is a (E)-isomer and has the

structure
S O._(CHz)~X
e
7%
xe
OH .
9. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 7 or 8, wherein the compound is substantially free of
its corresponding other olefin configuration.

10. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 7-9, wherein the compound has an
hydroxyl-bearing allylic carbon atom having an (R)- or an (S)-stereochemistry.

11. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 1-10, wherein each R' and R? is
independently -C1-Cs alkyl.

12. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 1-10, wherein each R' and R? is
independently methyt,
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13. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrugof any one of the compound of embodiments 1-12, wherein X is -CH,OH, -COOH, -
COH, -COOR?, or -COOCH,CONR*R®,

14, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 1-12, wherein X is -CH,OH or -COOH.

15. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 1-14, wherein nis 0 or 1.

16. A compound of Formula (B):

S O.__ACHa)p~X
Ve
x>

o (B), or a pharmaceuticaily acceptable sal,

solvate, ester, amide, or prodrug thereof, wherein:

each R' and R? is independently -C1_Cs alkyl, -C2-Cs alkenyl, -C,_Cs alkynyi, phenyl, or
benzyl; or alternatively, R' and R? together with the carbon atom to which R and R2 are
attached form a C;.Cr cycloalkyl group;

X is -CH20H, -COH, -COOCH;CONR*R?, -SO3H,

Sy oeledele

0

0 0 0 0

| I Il || I
P

00— 1"——OR6 0— 1(>—o—ll>—0R6 O0—P—0—
”4 OR® ““4 OR®  ORS
0 3 )

AN S

OR’ >
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0
0
OH OH OH %OH
{ .
Uslis Mooy
S

N/’/{N\?? N/—{:\; N/—_(N\Fé rﬁ% N—
OO TS

R3 is -C1-Cs alkyl, -Co-Cs atkenyl, -C2-Cs alkynyl, phenyl, or benzyl;

each R* and R? is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R®
together with the carbon atom to which R* and R® are attached form a heterocycle;

each R® and R’ is independently H, -C1-Cs alkyl, -C2-Cs alkenyl, or -C2-Cs alkynyf; and

nis0,1,2, 3, oré4.

17. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein the compound is a mixture of (Z)- and (E)-
isomers.

18.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 16, wherein the compound is a (Z)-isomer and has

o (CHo)p~X

R' R?
the structure

19. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embadiment 16, wherein the compound is a (£)-isomer and has

the structure

S O~ (CHz)n"X
7~
(O S
N
o) :

20. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 18 or 19, wherein the compound is substantially free
of its correspanding other olefin configuration.

21. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 16-20, wherein each R' and R? is
independently -C1_C3 alkyl.

22.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of embodiments 16-20, wherein each R' and R? is independently methyl.
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23. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 16-22, wherein X is -CHOH, -COH, or
-COOCH,CONR‘RS.

24, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 16-22, wherein X is ~-CH.OH.

25. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of any one of the compound of embodiments 16-24, wherein nis 0 or 1.

26. A compound having the structure:

/Sm O%-L OH
™

OH , or a pharmaceutically acceptable salt, solvate,
ester, amide, or prodrug thereof,

27. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 26, whetein the compound is a racemate or a mixture
of enantiomers.

28. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 26, wherein the compound has an hydroxyl-bearing

allylic carbon atom having an (R)-stereochemistry and has the structure

o
s 07<LL on
(R

OH
29. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 26, wherein the compound has an hydroxyl-bearing
allylic carbon atom having an (S)-stereochemistry and has the structure

g LR

30. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 28 or 29, wherein the compound is substantially free
of its corresponding opposite enantiomer.

31. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 28-30, wherein the compound has an
olefin isomer configuration of (Z) or (E).
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32. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 26, wherein the compound is a (Z)-isomer and has
ae o
oH O7<U\OH
X .

33. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

the structure

prodrug of the compound of embodiment 26, wherein the compound is a (E)-isomer and has

the structure
(0]
aoPYe C
\
OH .

34. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 32 or 33, wherein the compound is substantially free
of its corresponding other olefin configuration.

35.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 32-34, wherein the compound has an
hydroxyl-bearing allylic carbon atom having an (R)- or an (S)-stereochemistry.

36. A compound having the structure:

geNs G

ester, amide, or prodrug thereof.

, or a pharmaceutically acceptable salt, solvats,

37.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 36, wherein the compound is a mixture of (Z)- and
(E)-isomers.

38. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 36, wherein the compound is a (Z)-isomer and has

e

O O O7<\ OH

the structure X .
30, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 36, wherein the compound is a (E)-isomer and has
the structure
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"L

40. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 38 or 39, wherein the compound is substantially free
of its corresponding other olefin configuration.

41. A compound having the structure:

g

ester, amide, or prodrug thereof.

, or a pharmaceutically acceptable salt, solvate,

42, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 41, wherein the compound is & racemate or a mixture
of enantiomers.

43. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 41, wherein the compound has an hydroxyl-bearing

allylic carbon atom having an (R)-stereochemistry and has the structure

Ml L

44, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 41, wherein the compound has an hydroxyl-bearing

allylic carbon atom having an (S)-stereochemistry and has the structure

S 0
O SN O e

45. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 43 or 44, wherein the compound is substantially free
of its corresponding opposite enantiomer.

46. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 43-45, wherein the compound has an
olefin isomer configuration of (Z) or (E).
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47. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 41, wherein the compound is a (Z)-isomer and has

S O |
OH O O7<\ OH
the structure = )

48. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 41, wherein the compound is a (E)-isomer and has
the structure

s o)
O - O 7<\OH
OH .

49, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 47 or 48, wherein the compound is substantially free
of its corresponding other olefin configuration.

50. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 47-49, wherein the compound has an
hydroxyl-bearing allylic carbon atom having an (R)- or an (S)-stereochemistry.

51. A composition comprising an effective amount of the compound or
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1-50 and a pharmaceutically acceptable carrier of vehicle.

52.  The composition of embodiment 51, further comprising another therapeutically
active agent.

53.  The composition of embodiment 52, wherein the other therapeutically active
agent is a lipid lowering drug, statin, a cholesterol absorption inhibitor, an antibody against
PCSK9, an siRNA PCSK9, an anti-fibrotic agent, a thyroid hormone, a selective thyroid
receptor-p agonist,apoptosis signal-regulating kinase 1 (ASK1) inhibitor, acetyl-CoA
carboxylase {ACC}) inhibitor, an integrin antagonist, or a non-steroidal Farnesoid X receptor
(FXR) agonist.

54, The composition of embodiment 53, wherein:

the lipid lowering drug is gemfibrozil, fenofibrate, bezafibrate, clofibrate,
ciprofibrate, clinofibrate, etaofylline, pirifibrate, simfibrate, tocofibrate, or pemafibrate;

the statin is atorvastatin, simvastatin, pravastatin, rosuvastatin, fluvastatin,
lovastatin, pitavastatin, mevastatin, dalvastatin, dihydrocompactin, or cerivastatin, or a
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof;

the cholesterol absorption inhibitor is ezetimibe;

the antibody against PCSK9 is evolocumab alirocumab, bococizumab, 1D05-
19G2, RG7652, LY3015014, or LGT-209;
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the siRNA PCSK9 is inclisiran;
the anti-fibrotic agent is nitazoxamide, tizoxanide, or tizoxanide glucuronide, or a
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
the selective thyroid receptor-f agonist is VK2809, MGL-3196, MGL-3745, SKL-14763,
sobetirome, BCT304, ZYT1, MB-0781, or eprotirome;

the ASK1 inhibitor is selonsertib;
the ACC inhibitor is firsocostat;
the integrin antagonist is an a5B1 inhibitor or a pan integrin inhibitor; or

the FXR agonist is cilofexor.

55. A method for treating or preventing a liver disorder, dyslipidemia,
dyslipoproteinemia, a renal disease, a disorder of glucose metabolism, a disorder of lipid
metabolism, a disorder of glucid metabolism, a cardiovascular disease, a vascular disease, a
metabolic syndrome, a complication associated with metabalic syndrome, a PPAR-associated
disorder, septicemia, a thrombotic disorder, obesity, diabetic nephropathy, diabetic retinopathy,
atherosclerosis, pancreatitis, a cerebrovascular disease, a disorder related to
neovascularization, hypertension, cancer, inflammation, an inflammatory disease, a
neurodegenerative disease, an autoimmune disease, a neoplastic disease, muscle atrophy,
cholestasis, mitochondrial dysfunction, an ocular disease, a lysosomal storage disease, a
kidney disease, or impotence, comprising administering to a subject in need thereof an effective
amount of the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embaodiments 1-50.

56.  The method of embodiment 55, wherein the liver disorder involves pathological
disruption, inflammation, degeneration, apoptosis, or proliferation of liver cells.

57. The method of embodiment 55, wherein the liver disorder is liver fibrosis, fatty
liver disease, non-alcoholic fatty liver disease (NAFLD) or non-alcoholic steatohepatitis (NASH).

58. The method of embodiment 55, wherein the dyslipidemia is hyperlipidemia or an
abnormally low concentration of high density lipoprotein cholesterol (HDL-C) in the subject’s blood
plasma or blood serum.

59. The method of embodiment 58, wherein the hyperlipidemia is
hypercholesterolemia, familial hypercholesterolemia, hypertriglyceridemia, or familial combined
hyperlipidemia.

60. The method of embodiment 58, wherein the hyperlipidemia is characterized by: an
abnormally reduced or deficient lipoprotein lipase level or activity in the subject’s blood plasma or
blood serum, or an abnormally high concentration of ketone bodies, lipoprotein(a) cholesterol
(Lp(a)-C), low density lipoprotein (LDL), very low density lipoproteins cholesterol (VLDL-C) or non-
esterified fatty acids in the subject’s blood plasma or blood serum.
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61. The method of embodiment 60, wherein the reduced or deficient lipoprotein lipase
level or activity is a result of a mutation in a gene encoding a lipoprotein lipase.

62. The method of embodiment 55, wherein the dyslipoproteinemia is characterized by
an abnormally high concentration of LDL, apolipoprotein (a) or VLDL in a subject’s blood plasma
or blood serum, or an abnormally low concentration of high density lipoprotein (HDL) or lipoprotein
lipase in a subject’s blood plasma or blood serum.

63. The method of embodiment 62, wherein the abnormally low concentration of the
lipoprotein lipase is associated with: a lipoprotein lipase mutation, hypoalphalipoproteinemia, a
lipoprotein abnomality associated with diabetes, a lipoprotein abnormality associated with obesity,
a lipoprotein abnormality associated with Alzheimer’s disease, or familial combined hyperlipidemia.

64. The method of embodiment 55, wherein the renal disease is a glomerular
disease, a tubular disease, a tubulointerstitial disease, acute or rapidly progressive renal failure,
chronic renal failure, nephrolithiasis, or a tumor.

65.  The method of embodiment 64 wherein:

the glomerular disease is an acute glomerulonephritis, a chronic glomerulonephritis, a
rapidly progressive glomerulonephritis, a nephrotic syndrome, a focal proliferative
glomerulonephritis, a glomerular lesion associated with systemic disease, Goodpasture
syndrome, multiple myeloma, diabetes, neoplasia, sickle cell disease or a chronic inflammatory
disease,

the tubular disease is an acute tubular necrosis, an acute renal failure, a polycystic renal
disease, medullary sponge kidney, a medullary cystic disease, nephrogenic diabetes, or a renal
tubular acidosis;

the tubulointerstitial disease is pyelonephritis, a drug- or toxin-induced tubulointerstitial
nephritis, a hypercalcemic nephropathy, or a hypokalemic nephropathy; or

the tumor is renal cell carcinoma or nephroblastoma.

66. The method of embodiment 65, wherein the glomerular lesion associated with

systemic disease is systemic lupus erythematosus.

67. The method of embodiment 65, wherein the renal disease is hypertension,
nephrosclerosis, microangiopathic hemolytic anemia, atheroembolic renal disease, diffuse
cortical necrosis, or a renal infarct.

68. The method of embodiment 67, wherein the hypertension is an essential
hypertension, hyperpiesa, hyperpiersis, a malignant hypertension, a secondary hypertension, or a
white-coat hypertension.

69. The method of embodiment 55, wherein the disorder of giucose metabolism is
an impaired glucose tolerance; an insulin resistance; an insulin resistance-related breast, colon or
prostate cancer; diabetes; pancreatitis; hypertension; polycystic ovarian disease; or an abnormally
high concentration of blood insulin or glucose in the subject’s blood plasma or blood serum.

219



WO 2022/189856 PCT/1B2022/000106

70. The method of embodiment 69, wherein the diabetes is non-insulin dependent
diabetes mellitus (NIDDM), insulin dependent diabetes mellitus (IDDM), gestational diabetes
mellitus (GDM), or maturity onset diabetes of the young (MODY).

71. The method of embodiment 55, wherein the vascular disease or the
cardiovascular disease is a peripheral vascular disease, a coronary heart disease, stroke,
restenaosis, arteriosclerosis, ischemia, an endothelium dysfunction, an ischemia-reperfusion injury,
a myocardial infarction, or a cerebral infarction.

72.  The method of embodiment 55, wherein the PPAR-associated disorder is
rheumatoid arthritis, multiple sclerosis, psoriasis, an inflammatory bowel disease, breast cancer,
colon cancer, or prostate cancer.

73. The method of embodiment 55, wherein the PPAR-associated disorder is a
vascular disease, a muscular disease, a demyelinating disease, a muscle structure disorder, a
neuronal activation disorder, a muscle fatigue disorder, a muscle mass disorder, a mitochondrial
disease, a mitochondrial dysfunction, a beta oxidation disease, or a metabolic disease.

74. The method of embodiment 73, wherein:

the muscular disease is a muscular dystrophy disease;

the demyelinating disease is multiple sclerosis, Charcot-Marie-Tooth disease,
Pelizaeus-Merzbacher disease, encephalomyelitis, neuromyelitis optica, adrenoleukodystrophy, or
Guillian-Barre syndrome;,

the muscle structure disorder is Bethlem myopathy, central core disease,
congenital fiber type disproportion, distal muscular dystrophy (MD), Duchenne & Becker MD,
Emery-Dreifuss MD, facioscapulohumeral MD, hyaline body myopathy, limb-girdle MD, a muscle
sodium channel disorder, myotonic chondrodystrophy, myotonic dystrophy, myotubular myopathy,
nemaline body disease, oculopharyngeal MD, or stress urinary incontinence;

the neuronal activation disorder is amyotrophic lateral sclerosis, Charcot-Marie-
Tooth disease, Guillain-Barre syndrome, Lambert-Eaton syndrome, multiple sclerosis, myasthenia
gravis, a nerve lesion, peripheral neuropathy, spinal muscular atrophy, tardy ulnar nerve palsy, or
toxic myoneural disorder;

the muscle fatigue disorder is chronic fatigue syndrome, diabetes (type | or I}, a
glycogen storage disease, fibromyalgia, Friedreich's ataxia, intermittent claudication, lipid storage
myopathy, MELAS (mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes)
syndrome, mucopolysaccharidosis, Pompe disease, or thyrotoxic myopathy;

the muscle mass disorder is cachexia, cartilage degeneration, cerebral paisy,
compartment syndrome, critical illness myopathy, inclusion body myositis, muscular atrophy
(disuse), sarcopenia, steroid myopathy, or systemic lupus erythematosus;

the mitochondrial disease is Alpers's disease, chronic progressive external
ophthalmoplegia (CPEQ), Kearns-Sayra syndrome (KSS), Leber hereditary optic neurcpathy
(LHON), MELAS, myoclonic epilepsy and ragged-red fiber disease (MERRF), neurogenic muscle
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weakness (NARP), ataxia, retinitis pigmentosa, Pearson syndrome, mitochondrial malfunction, or
a mitochondrial loss of functionality;

the beta oxidation disease is systemic carnitine transporter, carnitine
palmitoyltransferase (CPT) Il deficiency, very long-chain acyl-CoA dehydrogenase (LCHAD or
VLCAD) deficiency, trifunctional enzyme deficiency, medium-chain acyl-CoA dehydrogenase
(MCAD) deficiency, short-chain acyl-CoA dehydrogenase (SCAD) deficiency, or riboflavin-
responsive disorders of B-oxidation (RR-MADDY); or

the metabolic disease is hyperlipidemia, dyslipidemia, hyperchlolesterolemia,
hypertriglyceridemia, HDL hypocholesterolemia, LDL hypercholesterolemia, HLD non-
cholesterolemia, VLDL hyperproteinemia, dyslipoproteinemia, apolipoprotein A-l hypoproteinemia,
atherosclerosis, a disease of arterial sclerosis, a disease of cardiovascular system,
cerebrovascular disease, peripheral circulatory disease, metabolic syndrome, syndrome X,
obesity, diabetes, type | diabetes, type Il diabetes, hyperglycemia, insulin resistance, impaired
glucose tolerance, hyperinsulinism, a diabetic complication, cardiac insufficiency, cardiac
infarction, cardiomyopathy, hypertension, non-alcoholic fatty liver disease (NAFLD), non-alcoholic
steatohepatitis (NASH), a thrombus, Alzheimer disease, a neurodegenerative disease, a
demyelinating disease, multiple sclerosis, adrenal leukodystrophy, dermatitis, psoriasis, acne, skin
aging, trichosis, inflammation, arthritis, asthma, hypersensitive intestine syndrome, ulcerative
colitis, Crohn's disease, or pancreatitis.

75. The method of embodiment 74, wherein the muscular dystrophy disease is
Duchenne muscular dystrophy, Becker muscular dystrophy, a limb-girdie muscular dystrophy,
congenital muscular dystrophy, facioscapulohumeral muscular dystrophy, myotonic muscular
dystrophy, oculopharyngeal muscular dystrophy, distal muscular dystrophy, or Emery-Dreifuss
muscular dystrophy.

76. The method of embodiment 55, wherein the PPAR-associated disorder is an
abnormally low concentration of HDL, an abnormally low concentration of apolipoprotein A-l (apo
A-1), an abnormally high concentration of VLDL-C, an abnormally high concentration of low density
lipoprotein cholesterol (LDL-C), an abnormally high concentration of triglyceride, an abnormally
high concentration of apolipoprotein B (apo B), an abnormally high concentration of
apolipoprotein C-Iif (apo C-lil) or an abnormally reduced ratio of post-heparin hepatic lipase to
lipoprotein lipase activity in the subject’s blood plasma or blood serum.

77. The method of embodiment 55, wherein the PPAR-associated disorder is an
abnormally high concentration of HDL or an abnomally low concentration of apo A-l in the
subject’s lymph or cerebral fluid.

78. The method of embodiment 55, wherein the obesity is abdominal obesity.

79. The method of embodiment 55, wherein the cerebrovascular disease is cerebral

ischemia.
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80. The method of embodiment 55, wherein, the disorder related to
neovascularization is retinopathy or diabetes.

81. The method of embodiment 55, wherein the cancer is a human sarcoma or
human carcinoma.

82. The method of embodiment 565, wherein the cancer is fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, bone cancer, breast cancer, ovarian cancer, prostate cancer, esophageal
cancer, oral cancer, nasal cancer, squamous celi carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinoma, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, seminoma,
embryonal carcinoma, Wilms' tumor, cervical cancer, uterine cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, skin cancer,
melanoma, neuroblastoma, retinoblastoma, leukemia, acute lymphoblastic B-cell leukemia, acute
lymphoblastic T-cell leukemia, acute promyelocytic leukemia, acute monoblastic leukemia, acute
erythroleukemic leukemia, acute megakaryoblastic leukemia, acute myelomonocytic leukemia,
acute nonlymphocytic leukemia, acute undifferentiated leukemia, chronic myelocytic leukemia,
hairy cell leukemia, lymphoblastic leukemia, myelogenous leukemia, lymphocyticleukemia,
myelocytic leukemia, polycythemia vera, muitiple myeloma, lymphoma, Hodgkin’s disease, non-
Hodgkin's lymphoma, Waldenstrom's macroglobulinemia, or a heavy chain disease.

83. The method of embodiment 82, wherein the leukemia is acute or chronic
lymphoblastic leukemia, myelogenous leukemia, tymphocyticleukemia, lymphocytic leukemia, or
myelocytic leukemia.

84. The method of embodiment 83, wherein the myelocytic leukemia is acute and is
myeloblastic, promyclocytic, myelomonocytic, monocytic or erythroleukemia.

85.  The method of embodiment 83, wherein the lymphoma is Hodgkin's lymphoma
or non-Hodgkin's lymphoma.

86. The method of embodiment 55, wherein the inflammatory disease is multiple
sclerosis, a chronic inflammatory disorder of a joint, arthritis, a respiratory distress syndrome, an
inflammatory bowel disease, an inflammatory lung disorder, an inflammatory disorder, an
inflammatory disorder of the gum, tuberculosis, leprosy, an inflammatory disease of the kidney, an
inflammatory disorder of the skin, an inflammatory disease of the central nervous system, a
systemic lupus erythematosus (SLE) or an inflammatory disease of the heart.
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87. The method of embodiment 86, wherein:

the arthritis is rheumatoid arthritis or osteoarthritis;

the inflammatory bowel disease is ileitis, ulcerative colitis or Crohn'’s disease;

the inflammatory lung disorder is asthma or chronic obstructive airway disease;

the inflammatory disorder of the eye is corneal dystrophy, frachoma, onchocerciasis,
uveitis, sympathic ophthalmitis or endophthalmitis;

the inflammatory disorder of the gum is periodontitis or gingivitis;

the inflammatory disease of the kidney is glomerulonephritis or nephrosis;

the inflammatory disorder of the skin is acne, sclerodermatitis, psoriasis, eczema,
photoaging or wrinkles;

the inflammatory disease of the central nervous system is AIDS-related
neurodegeneration, stroke, neurotrauma, Alzheimer’s disease, encephalomyelitis, or viral or
autoimmune encephalitis; or

the inflammatory disease of the heart is cardiomyopathy.

88. The method of embodiment 55, wherein the neurodegenerative disease is
Alzheimer's disease or Huntington's disease.

89. The method of embodiment 55, wherein the autoimmune disease is immune-
complex vasculitis, systemic lupus or erythematodes.

90. The method of embodiment 55, wherein, the neoplastic disease is
carcinogenesis.

91. The method of embodiment 55, wherein the cholestasis is intrahepatic cholestatic
disease or extrahepatic cholestatic disease.

92. The method of embodiment 91, wherein intrahepatic cholestatic disease is primary
biliary cholangitis (PBC), primary sclerosing cholangitis (PSC), progressive familial intrahepatic
cholestasis (PFIC), or Alagille syndrome (AS).

83.  The method of embodiment 55, wherein the ocular disease is dry eye, meibomian
gland dysfunction, a keratoconjunctiva epithelial disorder, a corneal epithelial disorder, or a corneal
ulcer.

94. The method of embodiment 55, wherein the lysosomal storage disorder is neuronal
ceroid lipofuscinosis, Alzheimer’s disease, Huntington's disease, amyotrophic lateral sclerosis
(ALS), Parkinson's disease, multiple system atrophy (MSA), progressive supranuclear palsy
(PSP), corticobasal degeneration (CBD), dementia with Lewy bodies (DLB), a disorder of the
autophagy pathway, Tay-Sach's disease, Fabry disease, Niemann-Pick disease, Gaucher
disease, Hunter syndrome, alpha-mannosidosis, aspartylglucosaminuria, cholesteryl ester storage
disease, chronic hexosaminidase A deficiency, cystinosis, Danon disease, Farber disease,
fucosidosis, galactosialidosis, or Batten discase.

95. The method of embodiment 55, wherein the kidney disease is renal ischemia

reperfusion injury.
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96. The method of embodiment 55, wherein the impotence results from damages to
a nerve, artery, a smooth muscle, or fibrous tissue; diabetes; kidney disease; alcoholism; multiple
sclerasis; atherosclerosis; vascular disease; or neurologic disease.

97. A method for treating or preventing hyperlipemia, hyperiipidemia,
hyperlipoproteinemia, hypercholesterolemia, hypertriglyceridemia, or dyslipidemia, comprising
administering to a subject in need thereof an effective amount of the compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1-50.

08. The method of embodiment 97, wherein the hypercholesterolemia is
homozygous familial hypercholesterolemia.

99. A method for treating a subject having or preventing a subject from having an
abnormally high concentration in a subject’s blood plasma or blood serum of high low-density
lipoprotein (LDL), apolipoprotein B (apo B), lipoprotein(a) (Lp(a)), apolipoprotein (a), or very
low-density lipoprotein (VLDL), comprising administering to a subject in need thereof an
effective amount of the compound or the pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug of the compound of any one of embodiments 1-50.

100. A method for treating a subject having or preventing a subject from having an
abnormally low concentration in a subject’s blood piasma or blood serum of high-density
lipoprotein (HDL), comprising administering to a subject in need thereof an effective amount of
the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1-50.

101. A method for treating a subject having or preventing a subject from having an
abnormally reduced or deficient lipoprotein lipase concentration or activity in a subject’s blood
plasma or blood serum, comprising administering to a subject in need thereof an effective
amount of the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1-50.

102. The method of embodiment 101, wherein the reduced or deficient lipoprotein
lipase level or activity is a result of a mutation in a gene encoding a lipoprotein lipase.

103. A method for treating or preventing hypoalphalipoproteinemia, a lipoprotein
abnormality associated with diabetes, a lipoprotein abnormality assaciated with obesity, a
lipoprotein abnormality associated with Aizheimer's Disease, or familial combined
hyperlipidemia, comprising administering to a subject in need thereof an effective amount of the
compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1-50.

104. A method for reducing in a subject’s blood plasma or biood serum an abnormally
high concentration of triglyceride, low-density lipoprotein cholesterol (LDL-C), very low-density
lipoprotein cholesterol (VLDL-C), non-high-density lipoprotein cholesterol, (non-HDL-C),
lipoprotein(a) (Lp(a)), apolipoprotein B, HDL/(VLDL+LDL) ratio, apolipoprotein C-1l or
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apolipoprotein C-lll, comprising administering to a subject in need thereof an effective amount
of the compound or the pharmacsutically acceptable salt, solvate, ester, amide, or prodrug of
the compound of any one of embodiments 1-50.

105. A method for elevating in a subject’s blood plasma or blood serum an abnormally
low concentration of a high-density lipoprotein (HDL)-associated protein, HDL-cholesterol,
apolipoprotein A-l, or apolipoprotein E, comprising administering to a subject in need thereof an
effective amount of the compound or the pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug of the compound of any one of embodiments 1-50.

106. The method of embodiment 105, wherein the HDL-associated protein is
apolipoprotein A-l (apo A-1), apolipoprotein A-il (apo A-ll), apolipoprotein A-IV (apo A-IV) or
apolipoprotein E (apo E).

107. A method for promoting clearance of triglyceride from a subject’s blood plasma
or blood serum, comprising administering to a subject in need thereof an effective amount of
the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1-50.

108. A method for increasing abnormally low glucose metabolism or lipid metabolism
in a subject, comprising administering to a subject in need thereof an effective amount of the
compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1-50.

109. The method of embodiment 108, wherein the method for increasing abnormally
low glucose metabolism increases insulin sensitivity or oxygen consumption of a subject or
decreases blood insulin, blood glucose, or glycated hemogiobin in a subject’s blood plasma or
blood serum.

110. The method of embodiment 108, wherein the method for increasing abnormally
low lipid metabolism reduces a concentration of LDL or free triglyceride in a subject’s blood
plasma or bload serum, or inhibits saponified or non-saponified fatty acid synthesis.

111. A method for treating or preventing a symptom of a disease selected from
inflammation, systemic lupus erythematosus, lupus nephritis, or arthritis, comprising
administering to a subject in need thereof an effective amount of the compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1-50.

112. The method of embodiment 111, wherein the arthritis is adjuvant arthritis or type
Il collagen-induced arthritis.

113. The method of embodiment 111, wherein the symptom is nephritis, kidney
failure, or kidney function reduction.

114. A method for reducing the fat content of meat in livestock, comprising

administering to livestock an effective amount of the compound or the pharmaceutically
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acceptable salt, solvate, ester, amide, or prodrug of the compound of any one of embodiments
1-50.

115. A methoed for reducing cholesterol content of a fowl egg, comprising
administering to a fowl species an effective amount of the compound or the pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug of the compound of any one of embodiments
1-50.

116. A method for treating a subject with acute kidney injury (AKI) or at risk for AKI,
comprising administering to the subject an effective amount of the compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1 to 50.

117. The method of embodiment 116, wherein the compound or the pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug of the compound is administered
intravenously, optionally wherein the method comprises once daily intravenous administration,
optionally for three days.

118. The method of embodiment 116, wherein the compound or the pharmaceutically

acceptable salt, solvate, ester, amide, or prodrug of the compound is administered orally.

119. The method of any one of embodiments 116 to 118, wherein the AKl is sepsis-
related AKI.

120. The method of any one of embodiments 116 to 118, wherein the AKl is
ischemia/reperfusion AKI.

121. The method of any one of embodiments 116 to 118, wherein the AKl is from
acute interstitial nephritis.

122. The method of any one of embodiments 116 to 118, wherein the AKl is from
glomerular renal disease.

123. The method of any one of embodiments 116 to 118, wherein the AKl is from
acute vasculitic renal disease.

124. The method of any one of embodiments 116 to 118, wherein the AKl is from
ischemia.

125.  The method of any one of embodiments 116 to 118, wherein the AKI is from
toxic injury.

126. The method of any one of embodiments 116 to 118, wherein the AKl is from
prerenal azotemia.

127.  The method of any one of embodiments 116 to 118, wherein the AKl is from
acute postrenal destructive nephropathy.

128. The method of any one of embodiments 116 to 118, wherein the AKl is from
diabetes.
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128. The method of any one of embodiments 116 to 118, wherein the AKl is from
underlying renal insufficiency.

130. The method of any one of embodiments 116 to 118, wherein the AK| is from
nephritic syndrome.

131.  The method of any one of embodiments 116 to 118, wherein the AK| is from
atherosclerotic disease.

132. The method of any one of embodiments 116 to 118, wherein the AKI is from
hypotension.

133. The method of any one of embodiments 116 to 118, wherein the AKI is from
hypoxia.

134. The method of any one of embodiments 116 to 118, wherein the AKI is from
myoglobinuria-hematuria.

135. The method of any one of embodiments 116 to 118, wherein the AKl is from liver
disease.

136. The method of any one of embodiments 116 to 118, wherein the AKl is
secondary to a viral infection, optionally wherein the viral infection is COVID-19.

137. The method of embodiment 136, wherein the subject has a viral infection,
optionally wherein the viral infection is COVID-19.

138. The method of 116 to 119, wherein the subject has sepsis.

139.  The method of embodiment 137, wherein the sepsis is associated with a gram-
negative bacterial infection.

140.  The method of embodiment 138 or embodiment 139, wherein the subject has an
intra-abdominal cavity infection.

141.  The method of embodiment 138 or embodiment 139, wherein the subject has
urosepsis.

142, The method of any one of embodiments 116 to 141, wherein the subject is
elderly.

143.  The method of any one of embodiments 116 to 142, wherein the subject is a
surgical patient.

144. The method of embodiment 143, wherein the surgical patient has had a
cardiovascular surgery, optionally which is a coronary artery bypass graft (CABG) surgery
and/or heart valve surgery.

145. The method of any one of embodiments 116 to 141, wherein the subject is
pregnant.

146.  The method of any one of embodiments 116 to 145, wherein the subject has
been exposed to a nephrotoxic agent.
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147.  The method of embodiment 146, wherein the nephrotoxic agent comprises
cisplatin, gentamicin, cephaloridine, cyclosporine, amphotericin, carbon tetrachloride,
trichloroethylene, dichioroacetylene, or a combination thereof.

148. The method of any one of embodiments 116 to 147, wherein the subject has AKI.

149. The method of embodiment 148, wherein the effective amount is effective to
reduce the severity of the AKI.

150. The method of any one of embodiments 116 to 147, wherein the subject is at risk
for AKI.

151.  The method of any one of embodiments 116 to 147, wherein the subject is at risk
for AKI following a cardiovascular surgery, optionally which is a coronary artery bypass graft
(CABG) surgery and/or heart valve surgery.

152.  The method of embodiment 150 or embodiment 151, wherein the effective
amount is effective to reduce the likelihood that the subject will develop AKI.

153. The method of any one of embodiments 150 to 152, wherein the effective
amount is effective to delay the onset of AKI.

154. The method of any one of embodiments 150 to 152, wherein the effective
amount is effective to prevent AKI.

155. The method of any one of embodiments 150 to 152, wherein if the subject
develops AKI, the effective amount is effective to reduce the severity of the AKI.

156. The method of any one of embodiments 116 to 155, wherein the subject has a
SOFA score of 1 to 4 prior to administration of the compound or the pharmaceutically
acceptable salt, solvate, ester, amide or prodrug of the compound or the pharmaceutical
composition.

167. The method of embodiment 156, wherein the subject has a SOFA score of 2to 4
prior to administration.

158. The method of embodiment 156, wherein the subject has a SOFA score of 1
prior to administration.

159. The method of embodiment 156, wherein the subject has a SOFA score of 2
prior to administration.

160. The method of embodiment 156, wherein the subject has a SOFA score of 3
prior to administration.

161. The method of embodiment 156, wherein the subject has a SOFA score of 4
prior to administration.

162. The method of any one of embodiments 116 to 161, wherein the subject has an
endotoxin activity level of > 0.6 prior to administration.

163. The method of any one of embodiments 116 to 162, wherein the effective
amount is effective to reduce the subject’'s endotoxin activity level.
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7.2. Specific Embodiments, Group 2
[0647] Various aspects of the present disclosure are described in the numbered embodiments
set forth in the following numbered paragraphs, where reference to a previous numbered

embodiment refers to a previous numbered embodiment in this Section 7.2.

1. A compound of Formula (C):

R? \/\/ﬁ R
Al = /x YL ) Z—-C——(CHZ)n—RX

RN

A
(©)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R! is phenyl, naphthyl, pyridyl, thienyl, furyl, quinolyl or benzothienyl, any of which is
unsubstituted or substituted with Cisalkyl, C1.s haloalkyl, C1.s alkoxy, Ci.s haloalkoxy, Czs
alkenyl, Cos alkynyl, halogen, C27 acyl, benzoyl, hydroxyl, nitro, amino, phenyl or pyridyl;

R2is Ca alkyl, C1.3 haloalkyl, C2 alkenyl, C2s alkynyl, 3-7 membered cycloalkyl, C+.s alkyl
substituted with a 3-7 membered cycloalkyl, or C1.6 alkyl substituted with phenyi, naphthyl or
pyridyl, any of which is unsubstituted or substituted with C+.5 alkyl, C1.s haloalkyl, C1.5 alkoxy,
C1. haloalkoxy, C2.s alkenyl, Cz alkynyl, halogen, Cz7 acyl, benzoyl, hydroxyl, nitro, amino,
phenyl or pyridyl;

A is oxygen, sulfur or NR® in which R® is hydrogen or Ci.g alkyl;

X is a C1s alkylene chain which is unsubstituted or substituted with C..s alkyl, C+ alkoxy or
hydroxyl, and which has 0 or 1 double bonds;

Y is C(=0), C(=N-OR™), CH(OR'"), CH=CH, C=C, or C(=CHz) in which each of R and R"is
hydrogen or C1.s alkyl;

each of R%, R* and R? is independently hydrogen, C1. alkyl, C1. haloalkyl, C1.g alkoxy, C1s
haloalkoxy, Czs alkenyl, Cz5 alkynyl, halogen, C2.7 acyl, benzoyl, hydroxyl, nitro, amino,
phenyl, or pyridyl; optionally wherein at least one of R%, R*, and R® is not hydrogen;

B is CH or nitrogen;

Z is oxygen or sulfur;

each of R® and R’ is independently hydrogen, C1.s alkyl, or C1¢ haloalkyl;

RX is CH,OH, COH, COOCH,CONRXR*®, SO3H,
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each RX* and R¥® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and RX is independently H, Ci alkyl, Co_s alkenyl, or C2—¢ alkynyl, and
nis0,1,2, 3, or4.

2. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein R is phenyl which can have substituents
selected from the group consisting of Ci.s alkyl, C1.s alkyl having 1-3 halogen atoms, C1.s alkoxy,
C1.¢ alkoxy having 1-3 halogen atoms, Czs alkenyl, Cz alkynyl, halogen, C».r acyl, benzoyl,
hydroxyl, nitro, amino, phenyl and pyridyl.

3. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1 or embodiment 2, wherein R2is Cao alkyl.

4, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 3, wherein R' is attached to the 2nd
position, and (i) R* is attached to the 4th position and--X--Y-is attached to the 5th position, or (ii)
R* is attached to the 5th position and—-X--Y-- is attached to the 4th position.
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5. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 4, wherein A is oxygen or sulfur.

6. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 5, wherein X is a C1. alkylene chain.

7. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 6, wherein Y is C(=0).

8. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 7, wherein each of R®, R* and R%is
hydrogen, Cis alkyl or C1.¢ alkyl having halogen.

9. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 8, wherein B is CH.

10. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 9, wherein Z is oxygen.

11. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 10, wherein each of Rfand R is
hydrogen or C1-4 alkyl.

12. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein:

R' is phenyl or naphthyl, each of which can have one or more substituents selected from the
group consisting of C1.s alkyl, C1.s alkyl having halogen, C1.s alkoxy, C1.s alkoxy having
halogen, C.s alkenyl, Cz.s alkynyl, halogen, C27 acyl, benzoyl, hydroxyl, nitro, amino, phenyl
and pyridyl;

R?is Czs alkyl;

A is oxygen or sulfur;

X is a C1.s alkylene chain which can have a C+ alkyl substituent and which can contain a
double bond,;

Y is C(=0), CH=CH, or C(=CH:);

each of R3, R* and R® is hydrogen, C1.s alkyl, C1.s alkyl having halogen, C1.s alkoxy, C1.s alkoxy
having halogen, C».s alkenyl, Cz alkynyl, halogen, Cz.7 acyl, benzoyl, hydroxyl, nitro, amino,
phenyl, or pyridy};

Bis CH;

Z is oxygen or sulfur; and

each of R® and R” is hydrogen or Ci alkyl

13. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 12, wherein X is a Cis alkylene chain.

14. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of embodiment 12, wherein R' is attached to the 2nd position.
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16. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 12 to 14, wherein R3, R*and R°® other
than hydrogens are placed at ortho-positions with respect to Z.

16.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, wherein R’ is phenyl substituted with CF.

17.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1 or embodiment 16, wherein R? is isopropyl.

18. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 17, wherein A is sulfur.

19.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 18, wherein Xis CH2CH:.

20. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 19, wherein Y is C(=0Q).

21, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 19, wherein Y is CH(OH).

22. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 21, wherein R%is CHs and R*
and R® are each hydrogen.

23. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 22, wherein B is CH.

24. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 23, wherein Z is oxygen.

25. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 and 16 to 24, wherein R® and R” are
each hydrogen.

26. A compound of Formula (D):

R2
N-| R
10 \ l
R \\ f Nz (cHare
A XL X \— |
Sy R4

(D)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
each of R' and R? independently is a hydrogen, a halogen, nitro, C1.g alkyl, Cq.s alkoxy, C1.s
haloalkyl having 1 to 3 halogens, C1.s haloalkoxy having 1 to 3 halogens, Czs alkenyl, Cas
alkynyl, 3-7 membered cycloalkyl, C1 alkyl substituted with 3-7 membered cycloalkyl, Cs-10
aryl which is optionally substituted, arylalkyl group which has a Ce-10 aryl moiety and Cig
alkyl moiety, a heterocyclic group or a heterocyclic-alkyl group having a C1.g alkyl group;
each occurrence of R?, R, and R® is independently a hydrogen or C1.g alkyl;
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A is an oxygen atom, a sulfur atom, or NR?;

each of X', X2, and Z independently is C(=0), C(=O)NH, C(=N-OR*), CH(OR?), NH(C=0),
NHSOz, SO:NH, CH=CH, C=C, or a bond; and

Y is Cis alkylene;

RX is CH2OH, COH, COOCH,CONR**R*5, SOzH,

OnH ey
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O o O O o
[ 6 I || P N
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R*4 and R*®
together with the carbon atom to which R*¢ and R*® are attached form a heterocycle;

each R*¢ and RX’ is independently H, C1-s alkyl, Co-s alkenyl, or C,_¢ alkynyl; and
nis0,1, 2, 3, or4.

27. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 26, wherein X' is C(=0), CH(OH), or a bond.

28. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 26 or embodiment 27, wherein X2 is C(=0), CH(OH),
or a bond.

29. A compound of Formula (E):
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R" and R'2 independently is hydrogen, halogen, nitro, hydroxyl, amino, Ci.s alkyl, an
C1.s alkoxy, C1.¢ haloalkyl group having 1 to 3 halogens, Ci.s haloalkoxy group having 1 to 3
halogens, Ca alkenyl, C2 alkynyl, a 3-7 membered cycloalky!, C+.s alkyl having a 3-7
membered cycloalkyl substituent, or phenyl, naphthyl, benzyl, phenethyl, pyridyl, thienyl,
furyl, quinolyl, or benzothieny! group which optionally has a substituent which is a halogen
atom, nitro, hydroxyl, amino, Ci alkyl, Cs.s alkoxy, Ci1s haloalkyl having 1 to 3 halogens, Ci.
g haloalkoxy having 1 to 3 halogens, Czs alkenyl, Cos alkynyl, 3-7 membered cycloalkyl
group, C1.g alkyl group having a 3-7 membered cycloalkyl substituent, phenyl or pyridyl;

each of X' and Z' independently is C(=0), C(=O)NH, C(=N-OR™), CH(OR'®), NH(C=0), NHSO,
SO:NH, CH=CH, C=C, or a bond, wherein each of R' and R is a hydrogen or C.¢ alkyl;

Y'is Cis alkylene;

R*is CH.OH, COH, COOCH,CONR*'R*%, SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX

s

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and R is independently H, C1-s alkyl, Co— alkenyl, or Co- alkynyl; and
nis0,1,2, 3, or4.

30. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 29, wherein X' is C(=0), CH(OH), or a bond.

31. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 29 or embodiment 30, wherein Z' is C(=0), CH(OH),
or a bond.

32. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 29 to 31, wherein X'-Y'-Z' is bonded to
the 3 or 4 position of the phenyl ring.

33. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 29 to 32, wherein X' is a bond and Z' is
(C=0).

34. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 29 to 33, wherein X'-Y'-Z' is bonded to
the 4 position of the five membered ring.

35. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 29 to 34, wherein R' is a phenyl or
naphthyl group which optionally has a substituent selected from the group consisting chiorine,
fluorine, hydroxyl, an alkyl group having 1-5 carbon atoms, and an alkyl group having 1-5
carbon atoms, and it is bonded to the 2-position of the five membered ring.

36. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 29 to 35, wherein R'? is an alkyl group
having 3-6 carbon atoms, which is bonded to the 5-position of the 5 membered ring.
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37. A compound of Formula (F):

Tz R3
N- ==\ —RX
RN i v 2 X—Z——(CHy)»—R
l } X'=Y—X \IAI‘ \ / R4 RS
A B
B2
(F)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

Ais O, S or NR7 in which R7 is hydrogen or C1.g alkyl;

B'is CW or N in which W is hydrogen or a bond; B? is O, S or NR® in which R® is hydrogen or
C1s alkyl;

each of X' and X2 is O, S, NH, NHC(=0), C(=0), C(=N-OR?), CH(OR"), C=C, C=C or a bond,
wherein each of R® and R is hydrogen or Ci.s alkyl;

Y is C1 alkylene, which is unsubstituted or substituted with C+5 alkyl or Ci. haloalkyl having

1-3 halogens;

ZisNH, OorS;

R! is aryl, which is unsubstituted or substituted with C1.s alkyl, C1.s alkoxy, C1.s haloalkyl having
1-3 halogens, hydroxyl, nitro, amino, phenyl, pyridyl or halogen, or a heterocyclic group
having a five to eight membered ring comprising one to three hetero atoms each of which is
independently nitrogen, oxygen or sulfur and the other atoms are carbon, optionally wherein
a benzene ring is condensed with the heterocyclic ring;

R? is Cz alkyl, C1.s haloalkyl having with 1-3 halogens, Cs.7 cycloalkyl, Czs alkenyl, Czs alkynyl,
C.4 alkyl substituted with aryl, which is unsubstituted or substituted with Ci.5 alkyl, C16
alkoxy, C1.s haloalkyl having 1-3 halogens, hydroxyl, nitro, amino, phenyl, pyridyl or halogen,
or C1.4 alkyl substituted with a heterocyclic group having five to eight membered ring having
one to three heteroatoms each of which is independently nitrogen, oxygen or sulfur;

R3 is halogen, triflucromethyl, C1.s alkyl, Cos alkenyl or Cz¢ alkynyl;

each of R* and R% is hydrogen, C1.s alkyl or Ci. haloalky! having 1-3 halogens;

each of Z and R? is attached to the benzene ring, and X? is not attached to the benzene ring;

RX is CH,OH, COH, COOCHCONR*R*®, SO3H,

~ O

HO, i
COOH o. O
0 \Lj \/CL 0
oo ; , °, o,
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each R** and R*® is independently a{kyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R* are attached form a heterocycle;

each R*® and R* is independently H, Ci_s alkyl, C2- alkenyl, or C2— alkynyl; and

nis0,1,2,3,0or4

38. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 37, wherein X' is C(=0), CH(OH), or a bond.

39. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 37 or embodiment 38, wherein X? is C(=0), CH(OH),
or a bond.

40. A compound of Formula (G):

CHy)—RX
R\ /(CHg)q —A—] B——C—C ( IR
<\ /) R5 RG

X
(G)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R' and R?, which are the same or different, is a hydrogen, Ci alkyl, Cz alkenyl, Czs
alkynyl, C15 alkoxy, halogen, C1.s haloalkyl; Cis haloalkoxy; hydroxyl, nitro, Co. acyl group,
Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R? js hydrogen;

R?is C1.s alkyl, or R?is combined with R? to form =0 or =C(R")(R®) in which each of R” and R?,
which are the same or different, is a hydrogen or C1.s alkyl;

each of R and R®, which are the same or different, is a hydrogen atom, Ci alkyl, C1.s haloalky!;
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X and Y are the same or different and each represents CH or N;

Z is oxygen or sulfur;

Ais a 5-membered heterocyclic group which is pyrazole, thiophene, furan or pyrrole, wherein
the heterocyclic group is unsubstituted or substituted with C+.5 alkyl having a substituent
which is C1.6 alkyl, 3- to 7-membered cycloalkyl, C2 alkenyl, Cz alkynyl, Ci.s alkoxy, Ci.
alkyl group substituted with a 3- to 7-membered cycloalkyl group, C+.5 haloalkyl, C1.s
haloalkoxy, Ce-10 aryl, 5- or 6-membered heterocyclic group, an aralky! group having a Cs-10
aryl moiety and a C+.; alkylene moiety, or 5- or 6-membered heterocyclic group;

B is a C1s alkylene chain which is unsubstituted or substituted with C1.s alkyl, 3- to 7-membered
cycloalkyl group, Cz alkenyl, Cas alkynyl, C1s alkoxy, halogen, Ci.s haloalkyl or C1.
haloalkoxy, the alkylene group optionally having a double bond in the case that the alkylene
group has 2 to 6 carbon atoms;

qis0,1,2,3,4,0r5

R* is CH,OH, COH, COOCH,CONRX‘R*5, SO3H,

fouleNogio s

o] o]
I P 9 T 7

o P—OR®  o— lF>—o~|=—0RXES O—P—0—P—0—P—ORX®
drre ““4 OR*é  ORX® “*4 brie G b

N
r O , r
each R* and R® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RS

together with the carbon atom to which R** and R*® are attached form a heterocycle:
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each RX8 and R¥ is independently H, C1-s alkyl, Cz-s alkenyl, or Ca6 alkynyl; and
nis 0,1, 2, 3,or4.

41, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 40, wherein A is pyrazole.

42. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 41, in which -(CHy)- is attached the pyrazole at 1 -
position thereof

43. The compound or pharmacedutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 41, wherein <(CHz)q- is attached to the pyrazole at 3-
position thereof.

44. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 42 or 43, in which -B- is attached to the pyrazole at 4-
or 5-position thereof.

45. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 40, wherein A is thiophene, furan or pyrrole.

46. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 45, wherein -(CHz)q- is attached the 5-membered
heterocyclic group at 2-position thereof

47, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 40, wherein A is thiophene.

48, The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 47, in which -( CHz)¢- is attached the thiophene at 2-
position thereof.

49. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 48, wherein q is 0.

50. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 49, wherein each of X and Y is CH.

51. The compound or pharmaceuticaily acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 50, in which R? is combined with R®
to represent =0,

52. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 51, wherein B represents an
alkylene chain having 2 to 4 carbon atoms which optionally has a substituent selected from the
group consisting of an alkyl group having 1to 8 carbon atoms and an alkyl group having 1 to 8
carbon atoms and a halogen atom substituent.

53. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or

prodrug of the compound of any one of embodiments 40 to 52, wherein B is an ethylene chain.
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54. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 53, in which R and R* are the same
or different and each represents a hydrogen atom, an alkyl group having 1 to 8 carbon atoms,
an alkoxy group having 1 to 8 carbon atoms, a halogen atom, an alkyl group having 1 to 8
carbon atoms and a halogen atom substituent, or an alkoxy group having 1 to 8 carbon atoms
and a halogen atom substituent.

55. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 54, in which R® and R® are the same
or different and each represents a hydrogen atom or an alkyl group having 1 to 8 carbon atoms

56. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 40 to 55, in which the substituent
optionally attached to the heterocyclic group for A is an alkyl group having 1 to 8 carbon atoms
or an alky! group having 1 to 8 carbon atoms and a halogen atom substituent.

57. A compound of Formula (H):

R12\é§—> —(C}-\l(z_)q_C X(CHZ)n—RX
R”—“{\! W? \ j RM R0
”\//,)d R13
(H)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of R" and R'3, which are the same or different, is a hydrogen, Ci aikyl, C..s alkenyl, Cos
alkynyl, C1s alkoxy, halogen, Ci.s haloalkyl; C1.s haloalkoxy; hydroxyl, nitro, C2¢ acyl group,
Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R'? is hydrogen, C1 alkyl, a 3- to 7-membered cycloalkyl, C2s alkenyl, Cos alkynyl, C1. alkoxy,
C1.5 alkyl having a 3- to 7-membered cycloalky! group substituent, C, haloalkyl, C1s
haloalkoxy, Cs-10 aryl, a 5- or 6-membered heterocyclic group, an aralkyl group having a Ce-
10 aryl moiety and a Cq.g alkylene moiety, or a Ci.s alkyl group having a 5- or 8-membered
heterocyclic substituent;

R and RS are the same or different and each is a hydrogen atom, Ci.s alkyl, or Ci. haloalky!;

X'is CHor N;

Z' is oxygen or sulfur;

W' is oxygen or CHz when bond a is present and OH when bond a is absent;

qis 2,3,0r4.

RX is CH,OH, COH, COOCH,CONRXR*5, SO3H,
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*®

,or

together with the carbon atom to which R** and R* are attached form a heterocycle;
each R*® and R*7 is independently H, Cy_s alkyl, Co—s alkenyl, or C,— alkynyl; and
nis0,1, 2,3, or4.

58. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 57, wherein X' is CH.

59. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 57 or 58, wherein R™ -phenyl or R -pyridyl is
attached to the pyrazole at 1-position.

60. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 67 or 58, wherein R'! -phenyl or R'" -pyridy! attached
to the pyrazole at 3-position.

61. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 60, in which -(CH.)q- is attached to
the pyrazole at 4- or 5-position.
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62. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 61, in which R and R™ are the
same or different and each represents a hydrogen atom, an alkyl group having 1 to 8 carbon
atoms, an alkoxy group having 1 to 8 carbon atoms, a halogen atom, an alkyl group having 1 to
8 carbon atoms and a halogen atom substituent, or an alkoxy group having 1 to 8 carbon atoms
and a halogen atom substituent.

63. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 61, in which R" and R are the
same or different and each represents an alkyl group having 1 to 8 carbon atoms or an alkyl
group having | to 8 carbon atoms and a halogen atom substituent.

64. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 63, in which R and R'° are the
same or different and each represents a hydrogen atom or an alkyl group having 1 to 8 carbon
atoms.

65. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 64, in which R™ represents a
hydrogen atom, an alky! group having 1 to 8 carbon atoms, an alkoxy group having 1 to 8
carbon atoms, an alkyl group having 1 to 8 carbon atoms and a halogen atom substituent, or an
alkoxy group having 1 to 8 carbon atoms and a halogen atom substituent.

66. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 64, in which R'? represents an alky!
group having 1 to 8 carbon atoms, or an alkyl group having 1 to 8 carbon atoms and a halogen
atom substituent.

67. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 66, in which q is 2.

68. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 67, wherein bond a is absent and
W'is OH.

69. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 57 to 67, wherein bond a is present and
W' is oxygen.

70. A compound of Formula (J):

R —_(CHZ)r (CHZ)n'—RX
R21

‘\/X R23
()

or a pharmaceutically acceptable salt, solvate, sster, amide, or prodrug thereof, wherein:
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each of R?" and R, which are the same or different, is a hydrogen, Cis alkyl, Czs alkenyl, Cz
alkynyl, C1s alkoxy, halogen, C1.¢ haloalkyl; C1s haloalkoxy; hydroxyl, nitro, C2s acyl group,
Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R js hydrogen, Cis alkyl, a 3- to 7-membered cycloalkyl, Cas alkenyl, Czs alkynyl, Cis alkoxy,
Ci.s alkyt having a 3- to 7-membered cycloalkyl group substituent, C1. haloalkyl, C+s
haloalkoxy, Ce-10 aryl, @ 5- or 6-membered heterocyclic group, an aralkyt group having a Cs-
10 aryl moiety and a C1s alkylene moiety, or a C1 alkyl group having a 5- or 6-membered
heterocyclic substituent;

R?* and R? are the same or different and each is a hydrogen atom, C1.s alkyl, or C haloalkyl;

X2is CHorN;

Z2 is oxygen or sulfur;

W2 is oxygen or CH; when bond a is present and OH when bond a is absent;

ris 2, 3, or 4.

R* is CH,OH, COH, COOCH,CONR*R*%, SO3H,
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each R** and R*8 is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R* and R*® are attached form a heterocycle;
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each R* and R*" is independently H, C1- alkyl, C2s alkenyl, or Cz2— alkynyt; and
nis0,1, 2, 3, or4.

71. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 70, in which X2 is CH.

72. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 70 or 71, in which R*' -phenyl or R?' -pyridyl is
attached to the thiophene at 2-position.

73. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 72, in which R?' and R are the
same or different and each represents a hydrogen atom, an alkyl group having 1 to 8 carbon
atoms, an alkoxy group having 1 to 8 carbon atoms, a halogen atom, an alkyl group having 1 to
8 carbon atoms and a halogen atom substituent, or an alkoxy group having 1 to 8 carbon atoms
and a halogen atom substituent.

74. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 72, in which R?' and R? are the
same or different and each represents an alkyl group having 1 to 8 carbon atoms or an alkyl
group having 1 to 8 carbon atoms and a halogen atom substituent.

75. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 74, in which R* and R? are the
same or different and each represents a hydrogen atom or an alkyl group having 1 to 8 carbon
atoms.

76. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 75, in which R?? represents a
hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an alkoxy group having 1 to 8
carbon atoms, an alkyl group having 1 to 8 carbon atoms and a halogen atom substituent, or an
alkoxy group having 1 to 8 carbon atoms and a halogen atom substituent.

77. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 75, in which R? represents an alkyl
group having 1 to 8 carbon atoms, or an alkyl group having 1 to 8 carbon atoms and a halogen
atom substituent.

78. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 77, in which ris 2,

79. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 78, wherein bond a is absent and
W2 is OH.
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80. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 70 to 78, wherein bond a is present and
W? is oxygen.

81. A compound of Formula (K):

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

Ais CH or nitrogen;

B, when bond a is present, is oxygen or C(R8)(R®) in which each of R® and R? is independently
hydrogen or Cs.s alkyl; B, when bond a is absent, is OH;

W' is a bond, C(=0), or (C(R")(R'"))m in which each of R" and R is independently a
hydrogen or C+ alkyl group and mis 1, 2, or 3;

X and Y differ from each other, and each is an oxygen atom, a sulfur atom, a nitrogen atom, or
CR'2 in which R*?is a hydrogen or Cy.s alkyl;

Z'is a bond, oxygen, sulfur, or C(R'?)(R'#) in which each of R™ and R'* is independently a
hydrogen or Ci alkyl;

each of R, R?, and R?, is independently a hydrogen, Ci.s alkyl, C2s alkenyl, Cp.5 alkynyl, C1s
alkoxy, halogen, C1.s haloaikyl; C1.s haloalkoxy; hydroxyl, nitro, Cz acyl group, Ce-10 aryl, or
a 5- or 6-membered heterocyclic group;

each of R* and RS is independently hydrogen, Ci.s alkyl, C1s haloalkyl;

each of R® and R is independently hydrogen, Ci.s alkyl, C.5 alkenyl, Ca alkynyl, or C1.
haloalkyl

ris1, 2,3 4,or5;

R* is CH20H, COH, COOCH>CONR*R*¢, SO3H,
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each R** and R* is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R is independently H, C1 alkyl, C2- alkeny!, or Co—s alkyny}; and

nis0, 1,2, 3, or4.

82. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 81, wherein A is CH.

83. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 81 or 82, in which W' is a bond.

84. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 81 or 82, in which W' is methylene or C(=0).

85. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 84, in which X and Y are different
from each other and each is an oxygen atom, a sulfur atom or a nitrogen atom.

86. The compound or pharmaceutically acceptable sait, solvate, ester, amide, or
prodrug of the compound of embodiment 85, X is a sulfur atom and Y is a nitrogen atom.
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87. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 86, in which Z' is an oxygen atom
or a sulfur atom.

83. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 87, in which R, R? and R®
independently is a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an alkenyl group
having 2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon atoms, a halogen atom, an
alkyl group having 1 to 8 carbon atoms which is substituted with a halogen atom, or an alkoxy
group having 1 to 8 carbon atoms which is substituted with a halogen atom.

89.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 88, in which each of R* and R®
independently is a hydrogen atom or methyl.

90. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 89, in which each of R® and R”
independently is a hydrogen atom or an alkyl group having 1 to 8 carbon atoms

91. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 90, in which n is an integer of 2 1o 4.

92. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 91, in which n is 2.

g3. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 92, wherein bond a is absent and B
is OH.

94. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 81 to 92, wherein bond a is present and B
is oxygen.

95. A compound of Formula (L):

’ S 22
—R
e
WZ
@
N
N R23
/ \_o /4
P lL4227<(CHz)n~—RX
R?! s g R “R2s
B
(L)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

B, when bond a is present, is oxygen; B, when bond a is absent, is OH;
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W? is a bond, C(=0), or CHy;

Z2 is oxygen or sulfur;

each of R?', R%, and R® js independently a hydrogen, Ci. alkyl, Cos alkenyl, C.5 alkynyl, Ci
alkoxy, halogen, Ci.s haloalky!; C1.s haloalkoxy; hydroxyl, nitro, C2.s acyl group, Cs-10 aryl, or
a 5- or 6-membered heterocyclic group;

each of R#* and R? is independently hydrogen, C+s alkyl, Ci.s haloalkyl;

RXis CH;OH, COH, COOCH,CONR**R*S, SO3H,

) ) y i

o) O 0O o]
I [ N -
O—P—OR*® O—P—-O—P-—ORXG 0—P—0—P—0—P—OR
““4 OR® éRXB ORX® “\4 (,)Rxe éRxe (l)Rxe

N-N

N rﬂ N SN
r”ﬁé*,r% fr”iéfmr'%*

each R* and R*S is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and RX is independently H, Ci-e alkyl, C,— alkenyl, or Co_s alkynyl; and
nis0,1,2, 3, or4.
96. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 95, in which W2 is a bond.
97. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 95 or 96, in which R?', R? and R?®

independently is a hydrogen atom, an alky! group having 1 to 8 carbon atoms, an alkenyl group
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having 2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon atoms, a halogen atom, an
alkyl group having 1 to 8 carbon atoms which is substituted with a halogen atom, or an alkoxy
group having 1 to 8 carbon atoms which is substituted with a halogen atom.

98. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 95 to 97, in which each of R? and R*
independently is a hydrogen atom or methyl.

99. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 95 to 98, wherein bond a is absent and B
is OH.

100. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 95 to 98, wherein bond a is present and B
is oxygen.

101. A compound of Farmula (M):

S
R\/“—W

\
¢ CHy)—A—B—/f
\ V\{é o X

R® R4

(M)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of W' and W? is independently nitrogen or CH;

X is nitrogen or CH;

Y is oxygen or sulfur;

Z is a bond, oxygen, sulfur or NR®, in which R® is hydrogen or C1s alkyl;

each of R' and R? is independently hydrogen, halogen, hydroxyl, nitro, amino, Cq. alkyl, 3- to 7-
membered cycloalkyl group, Czs alkenyl, Cos alkynyl, C1. alkoxy, Cis alkyl having a 3- to 7-
membered cycloalky! substituent, Cis haloalkyl, C1.s haloalkoxy, Ce-10 aryl, 5- or 6-
membered heterocyclic group, an aralkyl group having Ce-10 aryl moiety and a C4.5 alkylene,
or C1.s alkyl having a 5- or 8-membered heterocyclic substituent;

each of R® and R* is independently hydrogen, Ci.s alkyl, or C1.s haloalkyl;

A is a 5-membered heterocycle which is pyrazole, thiophene, furan, isoxazole, isothiazole or
pyrrole, in which the 5-membered heterocycle is unsubstituted or substituted with halogen,
hydroxyl, nitro, amino, C1.¢ alkyl, 3- to 7-membered cycloalkyl group, C..¢ alkenyl, Cas
alkynyl, C1s alkoxy, C1.s alkyl having a 3- to 7-membered cycloalkyl substituent, C1.s
haloalkyl, Ci.s haloalkoxy, Cs-10 aryl, a 5- or 6-membered heterocyclic group, an aralkyl
group having a Cs-10 aryl moiety and C.s alkylene moiety, or Ci¢ alkyl group having a 5- or
6-membered heterocyclic substituent;
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B is a bond or Ci.s alkylene which is unsubstituted or substituted with C1.3 alkyl, 3- to 7-
membered cycloalkyl, C1 alkoxy or a halogen substituent, optionally wherein the Ci
alkylene has a double or triple bond;

ris0,1,2,or3;

R* is CH,OH, COH, COOCH.CONRX“RX5, SO3H,

|
O—Fl—‘ORX6 O—P—0—P—OR®® O—T—O—T—O—T—ORXG
bre L dre b e bre dree

, , , X7 X7 ,
N I\ N—N o FH i OH i
( AN \ i\ o
N b Y I\ ] ]
o~ , o , O i o)

N FI<N r/Z)N N
(ﬁé Nt r“ré 7

each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*S

, Or

together with the carbon atom to which R and R* are attached form a heterocycle:
each R*® and R*" is independently H, C1_s alkyl, Co—s alkenyl, or C-s alkynyl; and
nis0, 1,2, 3, or4,

102.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 101, in which each of W' and W2 represents CH.

103. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 101, in which W' represents CH and W2 represents a
nitrogen atom
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104. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 103, in which X represents a
nitrogen atom.

105. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 103, in which X represents a
nitrogen atom and Y represents an oxygen atom.

106. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 103, in which X represents CH and
Y represents an oxygen atom.

107. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 108, in which Z represents an
oxygen atom or a sulfur atom.

108. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 107, in which each of R" and R?
independently represents a hydrogen atom, a halogen atom, a hydroxyl group, a nitro group, an
amino group, an alkyl group having 1 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, an alkyl group having 1 to 8 carbon atoms and a halogen substituent, or an alkoxy
group having 1 to 8 carbon atoms and a halogen substituent.

109. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 108, in which each of R® and R*
independently represents a hydrogen atom or an alky! group having 1 to 8 carbon atoms.

110. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 109, in which A represents
pyrazole, thiophene or furan which may have a substituent selected from the group consisting
of a halogen atom, a hydroxy! group, a nitro group, an amino group, an alky! group having 1 to
8 carbon atoms, a 3- to 7-membered cycloalkyl group, an alkenyl group having 2 to 8 carbon
atoms, an alkynyl group having 2 to 8 carbon atoms, an alkoxy group having 1 to 8 carbon
atoms, an alkyl group having 1 to 8 carbon atoms and a 3- to 7-membered cycloalky!
substituent, an alkyl group having 1 to 8 carbon atoms and a halogen substituent, an alkoxy
group having 1 to 8 carbon atoms and a halogen substituent, an aryl group having 6 to 10
carbon atoms, a 5- or 6-membered heterocyclic group, an aralky! group having an ary! moiety
of 6 to 10 carbon atoms and an alkylene moiety of 1 to 8 carbon atoms, and an alkyl group
having 1 to 8 carbon atoms and a 5- or 8-membered heterocyclic substituent.

111. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 109, in which A represents
pyrazole, thiophene or furan which may have a substituent selected from the group consisting
of a halogen atom, a hydroxyl group, a nitro group, an amino group, an alkyl group having 1 to

8 carbon atoms, an alkoxy group having 1 to 8 carbon atoms, an alky! group having 1to 8
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carbon atoms and a halogen substituent, or an alkoxy group having 1 to 8 carbon atoms and a
halogen substituent.

112. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 108, in which A represents
pyrazole which may have a substituent selected from the group consisting of a halogen atom, a
hydroxyl group, a nitro group, an amino group, an alkyl group having 1 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, an alkyl group having 1 to 8 carbon atoms and a
halogen substituent, and an alkoxy group having 1 to 8 carbon atoms and a halogen substituent.

113. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 112, in which B represents an
alkylene chain having 2 to 4 carbon atoms.

114. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 101 to 113, in which nis 0.

115. A compound of Formula (N):

(N)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

W2 is nitrogen or CH;

Z' is oxygen or sulfur;

each of R!" and R is independently hydrogen, halogen, hydroxyl, nitro, amino, Ci.s alkyl, C1s
alkoxy, C+.¢ haloalkyl, or C.s haloalkoxy'

each of R"® and R" is independently hydrogen or C1. alkyl;

A'is a 5-membered heterocycle which is pyrazole or thiophene, in which the 5-membered
heterocycle is unsubstituted or substituted with halogen, hydroxyl, nitro, amino, Ci.s alkyl,
C1.¢ alkoxy, C1.¢ haloalkyl, or Cqs haloalkoxy,

mis 2, 3, or4,

R* is CH,OH, COH, COOCH,CONRX**R*5, SOsH,

O
o O
(0]
0] O}%‘, , o | , 0, o)
(0]
HO COOH o. o
0] (0] O
O 0 (0] o)
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each R and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R and RX5
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R* is independently H, C1-s alkyl, C2-¢ alkenyl, or Czs alkynyl; and

nis0, 1,2, 3, or4.

116.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 115, in which W? represents CH.

117. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 115 or 116, which A' represents pyrazole which may
have a substituent selected from the group consisting of a halogen atom, a hydroxyl group, a
nitro group, an amino group, an alkyl group having 1 to 8 carbon atoms, an alkoxy group having
1 to 8 carbon atoms, an alkyl group having 1 to 8 carbon atoms and a halogen substituent, or
an alkoxy group having 1 to 8 carbon atoms and a halogen substituent.

118.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 115 to 117, in which mis 2 or 3.

119. A compound of Formula (O):

R2
<
Ri/— \/\_I_ —y—
Q / (CR3R4) —B \ 1 X—=Y (CHZ)H‘_‘RX
w2 ia
G
(0)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
each of W' and W2 independently is CH or nitrogen;
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X is NR® or CRR; wherein R® is hydrogen, Cis alkyl, C1.s haloalkyl, C1.s alkyl substituted with
C1.¢ alkoxy, Cs7 cycloalkyl, Ci.s alkyl substituted with Cs.7 cycloalkyl, C 1-8 alkyl substituted
with phenyl, C2.s acyl, or Czs alkenyl, and each of R® and R” independently is hydrogen or
Ci1s alkyl;

Y is (CR8R?),, wherein each of R® and R® independently is hydrogen or Cig alkyl, and ris 1, 2, 3,
or 4; or

X and Y are combined to form CR'°=CR" or ethynylene, wherein each of R"® and R"
independently is hydrogen or Ci.g alkyl;

G, when bond a is present, is O, S or CR'?R", wherein each of R'? and R independently is
hydrogen or Cy.s alkyl; G, when bond a is absent, is OH;

A is a five-membered heterocyclic ring which is thiazole, oxazole, imidazole, pyrazole,
thiophene, furan, or pyrrole, wherein the heterocyclic ring is unsubstituted or substituted
with Cy.5 alkyl, Cz alkenyl, Ca.s alkynyl, Cis alkoxy, halogen, C. haloalky!, C+.s haloalkoxy,
hydroxyl, nitro, Ca.¢ acyl, Ce-10 aryl, or a five-membered or six-membered heterocyclic group;

B is a C1.¢ alkylene, Co alkenylene or Cz.s alkynylene chain, wherein the chain is unsubstituted
or substituted with C+3 alkyl, Cs.7 cycloalkyl, C1¢ alkoxy, or halogen;

each of R' and R? independently is hydrogen, Ci.s alkyl, C..s alkenyl, Czs alkynyl, C1.s alkoxy,
halogen, C1¢ haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, Cos acyl, Ce-10 aryl, or a five-
membered or six-membered heterocyclic group;

each of R® and R* independently is hydrogen or Cy.s alkyl;

mis0,1,2,0r3;

RX is CH,OH, COH, COOCH,CONRXR*5, SO3H,

HO COOH o .0
I \/L;/( \(CL ’
O o 3 1) 3 O! O 1
i 2 9 0
f I
0—P—OR*®  o—p—0—P—OR® O—
% | o ] I % l |
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each R* and R* is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R* and R*® are attached form a heterocycle;
each R*® and RX is independently H, Ci alkyl, C-s alkenyl, or Cz-s alkynyl; and
nis0,1,2, 3 or4.

120. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119, wherein each of W' and W2 is CH,

121.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 or 120, wherein X is CRéR’.

122.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 or 120, wherein X is CH-,

123. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 or 120, wherein X is NRS.

124.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 or 120, wherein X is NH.

125. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 or 120, wherein X is NR?, and R® is C1 g alkyl.

126. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 125, wherein Y is CHa.

127.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 126, wherein Z is carboxyi.

128. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 127, wherein A is thiazole, which
can be substituted with a substituent selected from the group consisting of C1.5 alkyl, Co.
s alkenyl, Cz6 alkynyl, C+.5 alkoxy, halogen, C1.s alkyl substituted with halogen, C1. alkoxy
substituted with halogen, hydroxyl, nitro, Czs acyl, Ce. 10 aryl., and a five-membered or six-

membered heterocyclic group.
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129. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 128, wherein B is ethylene chain.

130. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 129, wherein each of R' and
R? independently is hydrogen, Ci.s alkyl, Czs alkenyl, C1.s alkoxy, halogen, Cis alkyl substituted
with halogen, or C 1.s alkoxy substituted with halogen.

131. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 129, wherein each of R! and
R? independently is hydrogen, Ci.s alkyl, halogen, or C 15 alkyl substituted with halogen.

132.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 131, wherein each of R* and R* is
hydrogen.

133. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 119 to 132, wherein mis 0.

134. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 to 133, wherein bond a is absent and G is OH.

135. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 119 to 133, wherein bond a is present and G is
oxygen,

136. A compound of Formula (P):

Rm\/‘=~“) A2—p2 S |

W
P

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

G?, when bond a is present, is O, S or CHg; G?, when bond a is absent, is OH.

A? is five-membered heterocyclic ring which is thiazole, oxazole, or thiophene, wherein the five-
membered heterocyclic ring is unsubstituted or is substituted with Cy.g alkyl, C1s alkoxy,
halogen, C1.s haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, or Cz.s acyl;

B? is a C1.s alkylene or Cas alkenylene chain;

each of R'? and R? independently is hydrogen, Ci.s alkyl, Ci.s alkoxy, halogen, C1.s haloalkyl,
C1.¢ haloalkoxy, hydroxyl, nitro, or C,. acyl;

RXis CH,OH, COH, COOCH>CONRX“RX%, SO3H,
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each R* and RXS is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and RX is independently H, C1_¢ alkyl, C2 alkenyl, or C»— alkynyl; and
nis0,1,2, 3 or4.

137. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
pradrug of the compound of embodiment 136, wherein A® is thiazole, which can be substituted
with a substituent selected from the group consisting of C1s alkyl, C 1. alkoxy, halogen, C 1-
s alkyl substituted with halogen, C1.s alkoxy substituted with halogen, hydroxyl, nitro, and C».
g acyl.

138. The compound or pharmaceutically acceptable salt, scivate, ester, amide, or
prodrug of the compound of embodiment 136 or 137, wherein B? is ethylene chain.

139. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 136 to 138, wherein each of R'® and
R independently is hydrogen, C 15 alkyl, C1.s alkoxy, halogen, C+.s alkyl substituted with
halogen, or C 1.3 alkoxy substituted with halogen.
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140. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 136 to 139, wherein bond a is absent and
G?is OH.

141. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 136 to 139, wherein bond a is present
and G® is oxygen.

142. A compound of Formula (Q):

2b
R R3b
g

!
I
<\ /> ‘a

Gb

Q)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
G?, when bond a is present, is O, S or CHa; GP, when bond a is absent, is OH;

AP is five-membered heterocyclic ring which is thiazole, oxazole, or thiophene, wherein the five-
membered heterocyclic ring is unsubstituted or is substituted with C1.4 alkyl, C1. alkoxy,
halogen, C1.s haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, or Cz5 acyl;

BP is a C1.¢ alkylene or Cy.s alkenylene chain;

each of R™ and R? independently is hydrogen, Cis alkyl, C1s alkoxy, halogen, Ci.s haloalkyl,
C1.s haloalkoxy, hydroxyl, nitro, or Ca.s acyl;

R% is hydrogen or Ci.s alkyl;

RX is CH20H, COH, COOCH,CONRX‘R*?, SO3H,

0
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( o r s r S or r 0
each R** and R*S is independently alkyl, aryl, or heteroaryl; or alternatively, R and R*¢
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and RX" is independently H, C1 alkyl, Cz-s alkenyl, or Cos alkynyl; and
nis 0,1, 2, 3, or 4.

143. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 142, wherein A® is thiazole, which is substituted with a
substituent selected from the group consisting of Cysalkyl, C1.s alkoxy, halogen, C1.s alky!
substituted with halogen, C1.s alkoxy substituted with halogen, hydroxyl, nitro, and Co.s acyl.

144. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 142 or 143, wherein B® is ethylene chain.

145. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 142 to 144, wherein each of R™ and
R? independently is hydrogen, Cq.s alkyl, C15 alkoxy, halogen, Cis alkyl substituted with
halogen, or C1.5 alkoxy substituted with halogen.

146. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 142 to 145, wherein bond a is absent and
GP is OH.

147. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 142 to 145, wherein bond a is present
and G” is oxygen.

148. A compound of Formula (R):

RZ
/~W1 _—
(CHZ)m_Aﬂ_B”'/' \/j;—xﬁYb(CHz)n—Rx
D\
E
(R)
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

each of W' and W2 is independently CH or N;

X is NR® or CR*R?, in which R®is Cs.5 alkyl, C1.5 haloalkyl, C1.s alkyl substituted with C+.s alkoxy,
Cg alkyl substituted with a 3-7 membered cycloalkyl, C+.s alkyl substituted with a phenyl
group, Cz.a acyl, or Cag alkenyl;

each of R* and R® is independently hydrogen or Ci.s alkyl;

Y is (CR®R7),, in which each of R® and R’ is independently hydrogen or Cyg alkyl and ris 1, 2, 3,
or4;

A'is a 5 or 8-membered heterocyclic group which is thiazole, oxazole, imidazole, pyrazole,
thiophene, furan, pyrrole, pyridine or pyrimidine, or a phenyl group, wherein the 5 or 6-
membered heterocyclic group or phenyf group is unsubstituted or substituted with Ci.g alkyl,
3-7 membered cycloalkyl, C2-s alkenyl, Cas alkynyl, C1.s alkoxyl, C1.5 alky! group substituted
with a 3-7 membered cycloalkyl group, C1.s haloalkyl, C1.s haloalkoxy, Cs-10 aryi, a 5 or 6-
membered heterocyclic group, aralkyl group comprising a Ce-10 aryl group and a Ci.g alkyl
group, or C+.s alkyl group substituted with a 5 or 6-membered heterocyclic group;

B is a bond or C1.s alkylene which is unsubstituted or substituted with Cy.g alkyl, a 3-7
membered cycloalkyl group, C.s alkoxy or a halogen, and which may have a double bond
or triple bond when the carbon number of the alkylene chain is 2 or more;

DisNor CH;

EisOorS;

each of R' and R? is independently H, C1s alkyl, C2.s alkenyl, C2s alkynyl, Cy.s alkoxy, halogen,
C1.s haloalkyl, C+.¢ haloalkoxy, nitro, Cas acyl, Cs-1g aryl, or a 5 or 6-membered heterocyclic
group;

m0,1,2 0r3

R*is CH2OH, COH, COOCH.CONRXR*®, SO3H,

I 2 9 I I I
o-r?—orax6 0—P—0—P—OR¥  O—P—0—P—0—P—O0ORXS

L bres ,“‘4 dre R % SR brre s
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and R¥" is independently H, C1_s alkyl, Cz-¢ alkenyl, or Co alkynyl; and
nis0,1,2, 3,or4

149. A compound of Formula (S):

— 5 N—(CH)p—RX

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

A’ is a 5 or 6-membered heterocyclic group which is thiazole, oxazole, pyridine or pyrimidine, or
a phenyl group, wherein the 5 or 6-membered heterocyclic group or phenyl group is
unsubstituted or substituted with Cy.s alkyl or C¢s haloalkyl;

B is Co4 alkylene;

each of R" and R" js independently H, Ci.s alkyl, halogen, or C1.s haloalkyl;

R™ is C..3 alkyl or Cy.5 haloalkyl, optionally wherein the N to which R'® is attached is attached to
the 6th position of benzisoxazole;

RXis CH20H, COH, COOCH,CONRXR*5, SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R* and R are attached form a heterocycle;
each R*® and R¥ is independently H, C1 alkyl, C2-s alkenyl, or Cz s alkynyl; and
nis0,1,2,3, or4.

150. A compound of Formula (T):

R21
PR
T‘ll"“(CHz)n—Rx

M

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

B2 is Cz4 alkylene;
R0 is C1.g alkyl;
each of R?' and R? is independently H, C1.s alkyl, halogen, or C1.s haloalkyl;
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R2 is C1.s alkyl or C1.s haloalkyl, optionally wherein the N to which R* is attached is attached to
the 6th position of benzisoxazole;

RX is CH,OH, COH, COOCHCONRX'R**, SO3H,

[ T 9 I
O—P—OR*  O—p—0—P—ORX® O—‘Pﬁ—O—T——O——P—ORXG

L e ”“4 bree bR “‘4 Sree dres e
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N\<N\; N\< 7? N\\< \;’é N\\<
r o ( S , ( § or ( o
each R* and R* is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R* is independently H, Cis alkyl, Ca-s alkenyl, or Cz- alkynyl; and
nis0,1,2,3,0or4

181. A compound of Formula (U):

\> R3 RS
(C _(C)p—B_Y""(é) —RX
RS
(u)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
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R' is hydrogen, halogen, hydroxyi, nitro, amino, cyano, carboxyl, C+s alkyl, Cs.7 cycloalkyl, C2-
C8 alkenyl, C..s alkynyl, C1.s alkoxy, Cis alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.¢ haloalkyl, C+.g alky) having a C1.s alkoxy substituent, C1s haloalkoxy, Czs
acyl, Ce-10 aryl group, a 5- or 6-membered heterocyclic group, an aralky! group having a Ce-
10 aryl moiety and a Ci alkylene moiety, or a C1.s alkyl group having a 5- or 6-membered
heterocyclic substituent;

R? is hydrogen, C1.s alkyl, C2.s alkenyl, C1.s alkyl having a 3- to 7-membered cycloalkyl
substituent, C1. haloalkyl, C1.g alkyl group having a C1s alkoxy substituent, Cz.s acyl, Ce-10
aryl, or an aralkyl group having a Cs-10 aryl moiety and a C.1.s alkylene moiety;

each of R%, R R® and R® independently is hydrogen, Ci.s alkyl, or C+ haloalkyi;

X is oxygen, sulfur or NR”; where R is hydrogen, C1.s alkyl, C1s haloalkyl, an aralkyl group
having a Ce-10 aryl moiety and a C1.s alkylene moiety, C2s acyl, or Cz¢ alkenyl;

Y is oxygen, sulfur, NR® or a bond, where R® is hydrogen, C1.s alkyl, C1.¢ haloalkyl, C2.s acyl, or
Co.p alkenyl;

pisOorf,

A, when bond a is present, is oxygen CHz, N-NH; or N-OR®, where R® is hydrogen, Ci.s alkyl,
Ci.s haloalkyl, Ca.5 acyl, C..s alkenyl, or an aralkyl group having a Cs-10 aryl moiety and a C..
s alkylene moiety; A, when bond a is absent, is OH;

B is, in the case of p=1, a benzene ring having or not having a substituent which is halogen,
hydroxyl, nitro, amino, C1.s alkyl, Ca7 cycloalkyl, Czs alkenyl, Cz.s alkynyl, C1.s alkoxy, Cis
alkyl having a 3- to 7-membered cycloalkyl substituent, C1.¢ haloalkyl, C1.s alkyl having a Ci-
g alkoxy substituent, C1.s haloalkoxy, Czs acyl, Ce-10 aryl group, or an aralky! group having a
Cs-10 aryl moiety and a C1-C8 alkylene moiety of 1-8 carbon atoms, and, in the case of p=0,
a condensed ring which is indole, benzofuran, benzisoxazole or 1,2-benzisothiazole, in
which said condensed ring has or does not have a substituent which is

halogen, hydroxyl, nitro, amino, C1.s alkyl group, Ca 7 cycloalkyl, Co.s alkenyl, C2s alkynyl, Ci.s
alkoxy, C+s alkyl having a 3- to 7-membered cycloalkyl substituent, C+.s haloalkyl, C..5 alkyl
having a C1-C8 alkoxy substituent, C1.s haloalkoxy group, Cz-s acyl, Ce~10 aryl, or an aralkyl
group having a Cg-10 aryl moiety and a C1s alkylene moiety;

Y is bonded to the benzene ring of B;

(C(R*(R*)m is bonded to the condensed ring of B at its 3-position;

m is an integer of 1 to 4,

nis0, 1,2, 8,4,or5;

Y is a bond in the case of n=0;

R* is CH,OH, COH, COOCH,CONR*R*8, SO3H,
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each R* and R¥ is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*
together with the carbon atom to which R** and R*® are attached form a heterocycle; and

each R*® and R¥" is independently H, C1_¢ alkyl, C2_s alkenyl, or Co_¢ alkynyl.

152. The compound or pharmaceutically acceptable salt, sclvate, ester, amide, or
prodrug of the compound of embodiment 151, wherein bond a is absent and A is OH.

153. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 151, wherein bond a is present and A is oxygen.

154. A compound of Formula (V):

R11

\ R12 R15
DL
/ Ny | =AY —(C)s—RX
S (C)r‘CI \ / ém
b Iz
V)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:
R" is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1.s alkyl, Cs.7 cycloalkyl, C2-
C8 alkenyl, Co.g alkynyl, Ci.s alkoxy, Ci.s alky! having a 3- to 7-membered cycloalkyl
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substituent, C1.¢ haloalkyl, C1s alkyl having a C1.¢ alkoxy substituent, C.s haloalkoxy, Cos
acyl, Ce-10 aryl group, a 5- or 6-membered heterocyclic group, an aralkyl group having a Ce-
10 aryl moiety and a C1.3 alkylene moiety, or a C1s alkyl group having a 5- or 6-membered
heterocyclic substituent;

R' is hydrogen, C1.s alkyl, Cz.s alkenyl, Ci.5 alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.s haloalkyl, C1s alkyl group having a Ci alkoxy substituent, C»s acyl, Cs-10
aryl, or an aralky! group having a Ce-10 aryl moiety and a C1.g alkylene moiety;

each of R™®, R™, R and R independently is hydrogen, Cys alkyl, or C1.3 haloalkyl;

Y' is oxygen, sulfur, NR' or a bond, where R is hydrogen, C+.s alkyl, C1.5 haloalkyl, Cs.5 acyl,
or Cag alkenyl;

A, when bond a is present, is oxygen CHz, N-NHz or N-OR'®, where R'9 is hydrogen, C1.g alkyl,
Ci.s haloalkyl, Cz5 acyl, Cz.s alkenyl, or an aralkyl group having a Cg-10 aryl moiety and a Ci.
s alkylene moiety; A', when bond a is absent, is OH;

Q' is hydrogen, halogen, hydroxyl, nitro, amino, Ci.s alkyl group, Cs.7 cycloalkyl, Ca.s alkenyl, Ca.
s alkynyl, C1¢ alkoxy, Css alkyl having a 3- to 7-membered cycloalkyl substituent, Ci.s
haloalkyl, C1.¢ alkyl having a C1.s alkoxy substituent, C1.s haloalkoxy, Czs acyl, Cs~10 aryl, or
an aralkyl group having a Cs-10 aryl moiety and a C+.s alkylene moiety;

ris1t,2, 3, or4,;

sis1,2,3,4,0r5

RX is CH,OH, COH, COOCHCONR**RX5, SO3H,

I l
—P—OR¥  o—p—0—p—0R® O—P—0O~—P—O—P—OR*®
b ~{ ! % l I |

ORX® ORX® ORX® ORX6  OR*® ORX6
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or altematively, R* and R

together with the carbon atom to which R* and R*® are attached form a heterocycle;
each R*® and RX is independently H, Ci¢ alkyl, Cz-s alkenyl, or C»- alkynyl.

1565.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 154, wherein bond a is absent and A is OH.

156.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 154, wherein bond a is present and A' is oxygen.

157. A compound of Formula (W):

R21
DEL i
A8 A C) R
Fl224 N/\ YV R26
0
w)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R?" is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C. alkyl, Ca.7 cycloalkyl, C2-
C8 alkenyl, C2s alkynyl, C+-3 alkoxy, C1s alkyl having a 3- to 7-membered cycloalky}
substituent, C1 haloalkyl, C+.s alkyl having a Ci.5 alkoxy substituent, Cy.s haloalkoxy, Co.s
acyl, Ce-10 aryl group, a 5- or 6-membered heterocyclic group, an aralkyl group having a Cs-
10 aryl moiety and a C15 alkylene moiety, or a Ci.s alky! group having a 5- or 6-membered
heterocyclic substituent;

R? is hydrogen, Cy.¢ alkyl, Cz alkenyl, C1. alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.5 haloalkyl, C1s alkyl group having a C1 alkoxy substituent, Co.s acyl, Ce~o
aryl, or an aralkyl group having a Ce-10 aryl moiety and a Ci5 alkylene moiety;

each of R¥, R¥, R¥ and R¥ independently is hydrogen, Ci. alkyl, or Cy.s haloalkyl:
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Y?is oxygen, sulfur, NR? or a bond, where R is hydrogen, C+.s alkyl, C1.s haloalkyl, Cz acyl,
or Cz.5 alkenyl,

Q? is hydrogen, halogen, hydroxyl, nitro, amino, C+.s alkyl group, Ca. cycloalkyl, Ca.s alkenyl, Ca.
s alkynyl, C1.s alkoxy, C1.s alkyl having a 3- to 7-membered cycloalky! substituent, Cy.s
haloalkyl, Ci.s alkyl having a Ci.s alkoxy substituent, C+.s haloalkoxy, Cas acyl, Cs-10 aryl, or
an aralkyl group having a Ce-10 aryl moiety and a C1.s alkylene moiety;

tis 1,2, 3, or4;

uis1,2,3,4 or5;

RX is CH,OH, COH, COOCH,CONRXR*% SO3H,

O
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*®

together with the carbon atom to which R* and R*® are attached form a heterocycle;
each R*® and R¥7 is independently H, Ci_¢ alkyl, C2-¢ alkenyl, or Cz-s alkynyl.

158. A compound of Formula (X):
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R‘l

(X)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R'is hydrogen, halogen, C1.s alkyl, C1.4 haloalkyl, CN, C1.4 alkoxy, Ci.4 haloalkoxy, or Cs.
cycloalkyl;

Q'isCHorN:

R? is hydrogen, halogen, CN, C.4 alkyl, C1 haloalkyl, Cs.¢ cycloalkyl, C1. alkoxy, Ci4
haloalkoxy, S(C1.4 alkyl), SO2(C1.4-alkyl), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, CEC-R*, O(CHz)mR?®, NH(C1.4 alkyl), N(C1-4 alkyl)>, or C(O)(C1 alkyl), wherein
aryl and heteroaryl are unsubstituted or substituted with halogen, OH, CN, C1.4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and whereinm is 1, 2, or 3;

xis 1or2;

R* and R*® are each independently C14 alkyl, C1.4 haloalkyl, or Cas cycloalky!;

each R?is independently hydrogen, halogen, C1.4 alkyl, CN, or C1.4 alkoxy;

R3is CH; or CDs;

R* is CH,OH, COH, COOCH,CONRX‘R*¢, SO3H,

1 7 n
O—P—OR® o P —o—p—oR O——FIJ———o~|='—o—P—0R><fj

"114 éRxs ,“«4 (|)RX5 (l)Rxa ‘%4 ORX® CI)Rxe (lije
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R and RS
together with the carbon atom to which R** and R*® are attached form a heterocycle; and
each R*® and R*" is independently H, C1s alkyl, C-s alkenyl, or C,- alkynyl.

189. A compound of Formula (Y):

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R is hydrogen, halogen, C1.4 alkyl, C1.4 haloalkyl, CN, C1.4 alkoxy, C14 haloalkoxy, or Cas
cycloalkyl;

Q'is CHor N;

R?is hydrogen, halogen, CN, Ci.¢ alkyl, C1« haloalkyl, Cs. cycloalkyl, C1.4 alkoxy, Ci.4
haloalkoxy, S(C+.4 alkyl), SO2(C14-alkyl), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, C=C-R#, O(CH2)mR?5, NH(C1. alkyl), N(C1. alkyl)z, or C(O)(C1.4 alkyl), wherein
aryl and heteroaryl are unsubstituted or substituted with halogen, OH, CN, C1.4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and wherein mis 1, 2, or 3;

Xis 1or2,

R? and R*® are each independently Ci.4 alkyl, C1.4 haloalky!, or Cs. cycloalkyl;

each R%is independently hydrogen, halogen, C+ alkyl, CN, or C1.s alkoxy:
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R3is CH; or CDs;
RX is CH,OH, COH, COOCH,CONRXR*¢, SO3H,
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle; and
each R*® and R*’ is independently H, C1_s alkyl, C26 alkenyl, or Czs alkynyl.

160. A compound of Formula (2):

R? 20
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

R'is hydrogen, halogen, C1.4 alkyl, C14 haloalkyl, CN, C1.4 alkoxy, C1.4 haloalkoxy, or Cs.6
cycloalkyl;

Q'is CHor N:

R?is hydrogen, halogen, CN, C1.4 alkyl, C1.4 haloalkyl, Css cycloalkyl, C14 alkoxy, Ci4
haloalkoxy, S(C1.4 alkyl), SO(Ci4-alkyl), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, C=C-R*, O(CH2)mR?®, NH(C1.4 alkyl), N(C1.4 alkyl)z, or C(O)(C1.« alkyl), wherein
aryl and heteroary! are unsubstituted or substituted with halogen, OH, CN, C1.4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and wherein mis 1, 2, or 3;

xis 1or2;

R? and R are each independently C1. alkyl, C1.c haloalkyl, or Cs:s cycloalkyl;

each R#is independently hydrogen, halogen, Ci.4 alkyl, CN, or C1.4 alkoxy;

R®is CHs or CDs;

R* is CHOH, COH, COOCH,CONRX*RXs SO;3H,

Q
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R* and R*

-
jm N\g\;

I '

together with the carbon atom to which R** and R*® are attached form a heterocycle; and
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each R*® and R¥ is independently H, C1 alkyl, Co—¢ alkenyl, or Co_s alkynyl.

161.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 160, wherein R?® is CHa.

182.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 161, wherein Q' is CH.

183.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 161, wherein Q' N.

164.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R2 is halogen, -C;-
Ca-alkyl, -C+-Cs-haloalkyl, -C1-Cs-haloalkoxy, -S(C-Cs-alkyl), or furanyl, wherein the furanyl can
be optionally substituted with -C+-Ca-alkyl.

165. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R? is halogen, -CHj, -
C+-haloalkyl, -Ci-haloalkoxy, -SCHs, or furanyl, wherein the furanyl can be optionally substituted
with -CHs..

166. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R? is halogen,- CHa, -
Cs-haloalkyl, -C+-haloalkoxy, or -SCHa.

167.  The compound or pharmacedtically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R? is chloro,
unsubstituted furanyl, -CHs, -CF3, -OCF,, -OCHF», or -SCHa.

168.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R? is -CF3 or -OCF3

169.  The compound or pharmacedutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 183, wherein R? is -CFs.

170.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 169, wherein R’ is hydrogen or
halogen.

171.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 170, wherein R is hydrogen or
fluoro.

172. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 171, wherein each R is
independently hydrogen or halogen.

173.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 171, wherein R is hydrogen or
fluoro.
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174.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R 1 is hydrogen or
fluoro, R? is C1-Cs-haloalkyl or C-Cs-haloalkoxy, R?° is hydrogen, and x is an integer having a
value of 1.

175. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 158 to 163, wherein R ' is hydrogen, R?is
trifluoro methyl or trifluoromethoxy, R is hydrogen, and x is an integer having a value of 1.

176. A compound of Formula (AA):

R? 20
_— /(R x

__N
N/

3

RX\L/O R
R‘l

(AA)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof, wherein:

L is (CH2)s, which is unsubstituted or substituted by one methyl group;

R'is hydrogen, halogen, C1.4 alkyl, Cy.4 haloalkyl, CN, Ci.4 alkoxy, C1.4 haloalkoxy, or Cs.
cycloalkyl;

R?is hydrogen, halogen, CN, C1.4 alkyl, C1.4 haloalkyl, Cs.c cycloalkyl, C1.4 alkoxy, Ci4
haloalkoxy, S(C1.4 alkyl), SO2(C14-alkyl), 5- or 6-membered heterocycle, aryl, 5-membered
heteroaryl, C=C-R?, O(CH2)mR?®, NH(C1.4 alkyl), N(C1.4 alkyl)z, or C(O)(C1.4 alkyl), wherein
aryl and heteroaryl are unsubstituted or substituted with halogen, OH, CN, Cy.4 alkyl, formyl,
acetyl, acetoxy, or carboxy, and whereinmis 1, 2, or 3;

xisOorf,;

R* and R?® are each independently C1.4 alkyl, C1.4 haloalkyl, or Cs.s cycloalkyl;

R®is C1.4 haloalkyl, NO2, CN, halogen, or C(O)O(C1.4 alkyl);

R#is hydrogen, halogen, Ci.4 alkyl, CN, or C1. alkoxy:;

R* is CH20H, COH, COOCH.CONRX**R*¢, SO;H,
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R*¢ and R*®

together with the carbon atom to which R** and R*® are attached form a heterocycle; and
each R*® and RX is independently H, Ci-¢ alkyl, C2-¢ alkenyl, or Co alkynyl.

177. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 176, which has the formula

R2 RZO
R,
N
_—N
N/
/\/\\/\/O R
HO

R1
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178.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 176, which has the formula

R2 20
_— /(R )x

AN

po

N/
/\)\/\/O R3
HO

R

179.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 178, wherein R? is halomethyl, CN
or halogen.

180. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 178, wherein R? is CF3, Clor CN.

181.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 180, wherein R2 is hydrogen,
halogen, CN, C1~Ca-alkyl, C+-C4 alkoxy, Ci—Cs-haloalkyl, C1—Cs-haloalkyl, S(C+—Cg-alkyl), or
furanyl, wherein the furanyl can be optionally substituted with C1—C-alkyl; and x is 0 or 1.

182.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 180, wherein R? is H, halogen, CN,
CHs, halomethyl, halomethoxy, methoxy or furanyl, wherein the furanyl can be optionally
substituted with CHs; and R* is methyl or halogen.

183.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 180, wherein R is H, F, CI, CN,
CFs, OCF; or furanyl; and x is 0.

184.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 183, wherein R’ is hydrogen.

185.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 176 to 184, wherein R is hydrogen or
flucro.

186.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 185, wherein R* is CH,OH, COH, or
COOCH:CONR*R®.

187.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 186, wherein RX is CH,OH.
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188. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 187, when depending from any one
of embodiments 1 to 151, wherein nis 0.

189. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 187, when depending from any one
of embodiments 1 to 151, whereinnis 1.

190. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, which is

N NN
CF, S
o

solvate, ester, amide, or prodrug thereof.

or pharmaceutically acceptable salt,

191.  The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, which is

P oo
CF3/®’1<S \
OH

solvate, ester, amide, or prodrug thereof.

or pharmaceutically acceptable salt,

192. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, which is

o)
N \\/\
CF3 S y
éH

solvate, ester, amide, or prodrug thereof.

or pharmaceutically acceptable salt,

193. The compound or pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of embodiment 1, which is

N O\/\
CF3 S
OH

solvate, ester, amide, or prodrug thereof.

or pharmaceutically acceptable salt,

194. The compound or pharmaceutically acceptable salt, sclvate, ester, amide, or
prodrug of the compound of embodiment 158, which is
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_—N
N\g
/\MO
HO
or pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug thereof.
o)
IO Q.
N
CF3\©\N/ ~ s
\
N

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.
o

S\/\/O
: T
"™ CF,

196. A compound which is or

195. A compound which is

pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

197. A compound selected from compounds shown in Table 1, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

198. A compound selected from compounds shown in Table 2, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

199. A compound selected from compounds shown in Table 3, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

200. A compound selected from compounds shown in Table 4, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

201. A compound selected from compounds shown in Table 5, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

202. A compound selected from compounds shown in Table 6, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

203. A compound selected from compounds shown in Table 7, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

204. A compound selected from compounds shown in Table 8, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

205. A compound selected from compounds shown in Table 9, or pharmaceutically

acceptable salt, solvate, ester, amide, or prodrug thereof.
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206. A compound selected from compounds shown in Table 10, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof

207. A compound selected from compounds shown in Table 11, or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof.

208. The compound or pharmaceutically acceptable salt of the compound of any one
of embodiments 1 to 207.

208. The pharmaceutically acceptable salt of the compound of any one of
embodiments 1 to 207, which is an alkali metal salt, optionally which is a sodium or a potassium
salt.

210. A pharmaceutical composition comprising the compound or pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug of the compound of any one of embodiments
1 to 207 and a pharmaceutically acceptable carrier or vehicle.

211. The pharmaceutical composition of embodiment 210, further comprising a
second therapeutically active agent.

212. The pharmaceutical composition of embodiment 211, wherein the second
therapeutically active agent is a lipid lowering drug, statin, a cholesterol absorption inhibitor, an
antibody against PCSK9, an siRNA PCSKS9, an anti-fibrotic agent, a thyroid hormone, a
selective thyroid receptor-f agonist,apoptosis signal-regulating kinase 1 (ASK1) inhibitor,
acetyl-CoA carboxylase (ACC) inhibitor, an integrin antagonist, or a non-steroidal Farnesoid X
receptor (FXR) agonist.

213.  The pharmaceutical composition of embodiment 212, wherein the lipid lowering
drug is gemfibrozil, fenofibrate, bezafibrate, clofibrate, ciprofibrate, clinofibrate, etofylline, pirifibrate,
simfibrate, tocofibrate, or pemafibrate; the statin is atorvastatin, simvastatin, pravastatin,
rosuvastatin, fluvastatin, lovastatin, pitavastatin, mevastatin, dalvastatin, dihydrocompactin, or
cerivastatin, or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof; the
cholesterol absorption inhibitor is ezetimibe; the antibody against PCSKS is evolocumab
alirocumab, bococizumab, 1D05-1gG2, RG7652, LY3015014, or LGT-209; the siRNA PCSK9 is
inclisiran; the anti-fibrotic agent is nitazoxamide, tizoxanide, or tizoxanide glucuronide, or a
pharmacedutically acceptable salt, solvate, ester, amide, or prodrug thereof; the selective thyroid
receptor-8 agonist is VK2809, MGL-3196, MGL-3745, SKL-14783, sobetirome, BCT304, ZYT1,
MB-0781, or eprotirome; the ASK1 inhibitor is selonsertib; the ACC inhibitor is firsocostat; the
integrin antagonist is an a5B1 inhibitor or a pan integrin inhibitor; or the FXR agonist is cilofexor.

214, A method for treating or preventing a liver disorder, dyslipidemia,
dyslipoproteinemia, a renal disease, a disorder of glucose metabolism, a disorder of lipid
metabolism, a disorder of glucid metabolism, a cardiovascular disease, a vascular disease, a
metabolic syndrome, a complication associated with metabolic syndrome, a PPAR-associated
disorder, septicemia, a thrombotic disorder, obesity, diabetic nephropathy, diabetic retinopathy,
atherosclerosis, pancreatitis, a cerebrovascular disease, a disorder related to
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neovascularization, hypertension, cancer, inflammation, an inflammatory disease, a
neurodegenerative disease, an autoimmune disease, a neoplastic disease, muscle atrophy,
cholestasis, mitochondrial dysfunction, an ocular disease, a lysosomal storage disease, a
kidney disease, or impotence, comprising administering to a subject in need thereof an effective
amount of the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 207.

215.  The method of embodiment 214, wherein the liver disorder involves pathological
disruption, inflammation, degeneration, apoptosis, or proliferation of liver cells.

216. The method of embodiment 214, wherein the liver disorder is liver fibrosis, fatty
liver disease, non-alcoholic fatty liver disease (NAFLD) or non-alcoholic steatohepatitis (NASH).

217.  The method of embodiment 214, wherein the dyslipidemia is hyperlipidemia or an
abnormally low concentration of high density lipoprotein cholesterol (HDL-C) in the subject’s blood
plasma or blood serum.

218. The method of embodiment 217, wherein the hyperlipidemia is
hypercholesterolemia, familial hypercholesterolemia, hypertriglyceridemia, or familial combined
hyperlipidemia.

219.  The method of embodiment 217, wherein the hyperlipidemia is characterized by:
an abnormally reduced or deficient lipoprotein lipase level or activity in the subject’s blood plasma
or blood serum, or an abnormally high concentration of ketone bodies, lipoprotein(a) cholesterol
(Lp(a)-C), low density lipoprotein (LBL), very low density lipoproteins cholesterol (VLDL-C) or non-
esterified fatty acids in the subject’s blood plasma or blood serum.

220. The method of embodiment 219, wherein the reduced or deficient lipoprotein lipase
level or activity is a result of a mutation in a gene encoding a lipoprotein lipase.

221.  The method of embodiment 214, wherein the dyslipoproteinemia is characterized
by an abnormally high concentration of LDL, apolipoprotein (a) or VLDL in a subject's blocd
plasma or blood serum, or an abnormally low concentration of high density lipoprotein (HDL) or
lipoprotein lipase in a subject’s blood plasma or blood serum.

222. The method of embodiment 221, wherein the abnormally low concentration of the
lipoprotein lipase is associated with: a lipoprotein lipase mutation, hypoalphalipoproteinemia, a
lipoprotein abnormality associated with diabetes, a lipoprotein abnormality associated with obesity,
a lipoprotein abnormality associated with Alzheimer's disease, or familial combined hyperlipidemia.

223. The method of embodiment 214, wherein the renal disease is a glomerular
disease, a tubular disease, a tubulointerstitial disease, acute or rapidly progressive renal failure,
chronic renal failure, nephrolithiasis, or a tumor.

224. The method of embodiment 223, wherein: the glomerular disease is an acute
glomerulonephritis, a chronic glomerulonephritis, a rapidly progressive glomerulonephritis, a
nephrotic syndrome, a focal proliferative glomerulonephritis, a glomerular lesion associated with

systemic disease, Goodpasture syndrome, multiple myeloma, diabetes, neoplasia, sickle cell
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disease or a chronic inflammatory disease; the tubular disease is an acute tubular necrosis, an
acute renal failure, a polycystic renal disease, medullary sponge kidney, a medullary cystic
disease, nephrogenic diabetes, or a renal tubular acidosis; the tubulointerstitial disease is
pyelonephritis, a drug- or toxin-induced tubulointerstitial nephritis, a hypercalcemic nephropathy,
or a hypokalemic nephropathy; or the tumor is renal cell carcinoma or nephroblastoma.

225.  The method of embodiment 224, wherein the glomerular lesion associated with
systemic disease is systemic lupus erythematosus.

226. The method of embodiment 214, wherein the renal disease is hypertension,
nephrosclerosis, microangiopathic hemolytic anemia, atheroembolic renal disease, diffuse
cortical necrosis, or a renal infarct.

227.  The method of embodiment 226, wherein the hypertension is an essential
hypertension, hyperpiesa, hyperpiersis, a malignant hypertension, a secondary hypertension, or a
white-coat hypertension.

228. The method of embodiment 214, wherein the disorder of glucose metabolism is
an impaired glucose tolerance; an insulin resistance; an insulin resistance-related breast, colon or
prostate cancer; diabetes; pancreatitis; hypertension; polycystic ovarian disease; or an abnormally
high concentration of blood insulin or glucose in the subject’s blood plasma or blood serum.

229. The method of embodiment 228, wherein the diabetes is non-insulin dependent
diabetes mellitus (NIDDM), insulin dependent diabetes mellitus (IDDM), gestational diabetes
mellitus (GDM), or maturity onset diabetes of the young (MODY).

230. The method of embodiment 214, wherein the vascular disease or the
cardiovascular disease is a peripheral vascular disease, a coronary heart disease, stroke,
restenosis, arteriosclerosis, ischemia, an endothelium dysfunction, an ischemia-reperfusion injury,
a myocardial infarction, or a cerebral infarction.

231.  The method of embodiment 214, wherein the PPAR-associated disorder is
rheumatoid arthritis, multiple sclerosis, psoriasis, an inflammatory bowel disease, breast cancer,
colon cancer, or prostate cancer.

232.  The method of embodiment 214, wherein the PPAR-associated disorder is a
vascular disease, a muscular disease, a demyelinating disease, a muscle structure disorder, a
neuronal activation disorder, a muscle fatigue disorder, a muscle mass disorder, a mitochondrial
disease, a mitochondrial dysfunction, a beta oxidation disease, or a metabolic disease.

233. The method of embodiment 232, wherein: the muscular disease is a muscular
dystrophy disease; the demyelinating disease is multiple sclerosis, Charcot-Marie-Tooth disease,
Pelizaesus-Merzbacher disease, encephalomyelitis, neuromyelitis optica, adrenoleukodystrophy, or
Guillian-Barre syndrome; the muscle structure disorder is Bethiem myopathy, central core disease,
congenital fiber type disproportion, distal muscular dystrophy (MD), Duchenne & Becker MD,
Emery-Dreifuss MD, facioscapulohumeral MD, hyaline body myopathy, limb-girdle MD, a muscle

sodium channel disorder, myotonic chondrodystrophy, myotonic dystrophy, myotubular myopathy,
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nemaline body disease, oculopharyngeal MD, or stress urinary incontinence; the neuronal
activation disorder is amyotrophic lateral sclerosis, Charcot-Marie-Tooth disease, Guillain-Barre
syndrome, Lambert-Eaton syndrome, multiple sclerosis, myasthenia gravis, a nerve lesion,
peripheral neuropathy, spinal muscutar atrophy, tardy ulnar nerve palsy, or toxic myoneural
disorder, the muscle fatigue disorder is chronic fatigue syndrome, diabetes (type 1 or I1), a
glycogen storage disease, fibromyalgia, Friedreich's ataxia, intermittent claudication, lipid storage
myopathy, MELAS (mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes)
syndrome, mucopolysaccharidosis, Pompe disease, or thyrotoxic myopathy; the muscle mass
disorder is cachexia, cartilage degeneration, cerebral palsy, compartment syndrome, critical illness
myopathy, inclusion body myositis, muscular atrophy (disuse), sarcopenia, steroid myopathy, or
systemic lupus erythematosus; the mitochondrial disease is Alpers's disease, chronic progressive
external ophthalmoplegia (CPEQ), Kearns-Sayra syndrome (KSS), Leber hereditary optic
neuropathy (LHON), MELAS, myoclonic epilepsy and ragged-red fiber disease (MERRF),
neurogenic muscle weakness (NARP), ataxia, retinitis pigmentosa, Pearson syndrome,
mitochondrial maifunction, or a mitochondrial loss of functionality; the beta oxidation disease is
systemic carnitine transporter, carnitine palmitoyltransferase (CPT) Il deficiency, very long-chain
acyl-CoA dehydrogenase (LCHAD or VLCAD) deficiency, trifunctional enzyme deficiency,
medium-chain acyl-CoA dehydrogenase (MCAD) deficiency, short-chain acyl-CoA dehydrogenase
(SCAD) deficiency, or riboflavin-responsive disorders of B-oxidation (RR-MADD): or the metabolic
disease is hyperlipidemia, dyslipidemia, hyperchlolesterolemia, hypertriglyceridemia, HDL
hypocholesterolemia, LDL hypercholesterolemia, HLD non-cholesterolemia, VLDL
hyperproteinemia, dyslipoproteinemia, apolipoprotein A-l hypoproteinemia, atherosclerosis, a
disease of arterial sclerosis, a disease of cardiovascular system, cerebrovascular disease,
peripheral circulatory disease, metabolic syndrome, syndrome X, obesity, diabetes, type | diabetes,
type Il diabetes, hyperglycemia, insulin resistance, impaired glucose tolerance, hyperinsulinism, a
diabetic complication, cardiac insufficiency, cardiac infarction, cardiomyopathy, hypertension, non-
alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH), a thrombus, Alzheimer
disease, a neurodegenerative disease, a demyelinating disease, multiple sclerosis, adrenal
leukodystrophy, dermatitis, psoriasis, acne, skin aging, trichosis, inflammation, arthritis, asthma,
hypersensitive intestine syndrome, ulcerative colitis, Crohn's disease, or pancreatitis.

234. The method of embodiment 233, wherein the muscular dystrophy disease is
Duchenne muscular dystrophy, Becker muscular dystrophy, a limb-girdle muscular dystrophy,
congenital muscular dystrophy, facioscapulohumeral muscular dystrophy, myotonic muscular
dystrophy, oculopharyngeal muscular dystrophy, distal muscular dystrophy, or Emery-Dreifuss
muscular dystrophy.

235. The method of embodiment 214, wherein the PPAR-associated disorder is an
abnormally low concentration of HDL, an abnormally low concentration of apolipoprotein A-l (apo
A-l), an abnormally high concentration of VLDL-C, an abnormally high concentration of low density
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lipoprotein cholesterol (LDL-C), an abnormally high concentration of triglyceride, an abnormally
high concentration of apolipoprotein B (apo B), an abnormally high concentration of
apalipoprotein C-llf (apo C-il) or an abnormally reduced ratio of post-heparin hepatic fipase to
lipoprotein lipase activity in the subject’s blood plasma or blood serum.

236. The method of embodiment 214, wherein the PPAR-associated disorder is an
abnormally high concentration of HDL or an abnormally low concentration of apo A-l in the
subject’s lymph or cerebral fluid.

237. The method of embodiment 214, wherein the obesity is abdominal obesity.

238. The method of embodiment 214, wherein the cerebrovascular disease is
cerebral ischemia.

239. The method of embodiment 214, wherein, the disorder related to
neovascularization is retinopathy or diabetes.

240. The method of embodiment 214, wherein the cancer is a human sarcoma or
human carcinoma.

241.  The method of embodiment 214, wherein the cancer is fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, asteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, bone cancer, breast cancer, ovarian cancer, prostate cancer, esophageal
cancer, oral cancer, nasal cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinoma, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, seminoma,
embryonal carcinoma, Wilms' tumor, cervical cancer, uterine cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, skin cancer,
melanoma, neuroblastoma, retinoblastoma, leukemia, acute lymphoblastic B-cell leukemia, acute
lymphoblastic T-cell leukemia, acute promyelocytic leukemia, acute monablastic leukemia, acute
erythroleukemic leukemia, acute megakaryoblastic leukemia, acute myelomonocytic leukemia,
acute nonlymphocytic leukemia, acute undifferentiated leukemia, chronic myelocytic leukemia,
hairy cell leukemia, lymphobilastic leukemia, myelogenous leukemia, lymphocyticleukemia,
myelocytic leukemia, polycythemia vera, multiple myeloma, lymphoma, Hodgkin's disease, non-
Hodgkin's lymphoma, Waldenstrom's macroglobulinemia, or a heavy chain disease.

242. The method of embodiment 241, wherein the leukemia is acute or chronic
lymphoblastic leukemia, myelogenous leukemia, lymphocyticleukemia, lymphocytic leukemia, or

myelocytic leukemia.
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243. The method of embodiment 242, wherein the myelocytic leukemia is acute and is
myeloblastic, promyclocytic, myelomonocytic, monocytic or erythroleukemia.

244.  The method of embodiment 242, wherein the lymphoma is Hodgkin's lymphoma
or non-Hodgkin's lymphoma.

245.  The method of embodiment 214, wherein the inflammatory disease is multiple
sclerosis, a chronic inflammatory disorder of a joint, arthritis, a respiratory distress syndrome, an
inflammatory bowel disease, an inflammatory lung disorder, an inflammatory disorder, an
inflammatory disorder of the gum, tuberculosis, leprosy, an inflammatory disease of the kidney, an
inflammatory disorder of the skin, an inflammatory disease of the central nervous system, a
systemic lupus erythematosus (SLE) or an inflammatory disease of the heart.

246. The method of embodiment 245, wherein: the arthritis is rheumatoid arthritis or
osteoarthritis; the inflammatory bowel disease is ileitis, ulcerative colitis or Crohn’s disease; the
inflammatory lung disorder is asthma or chronic obstructive airway disease; the inflammatory
disorder of the eye is corneal dystrophy, trachoma, onchocerciasis, uveitis, sympathic ophthalmitis
or endophthalmitis; the inflammatory disorder of the gum is periodontitis or gingivitis; the
inflammatory disease of the kidney is glomerulonephyitis or nephrosis; the inflammatory disorder of
the skin is acne, sclerodermatitis, psoriasis, eczema, photoaging or wrinkles; the inflammatory
disease of the central nervous system is AlDS-related neurodegeneration, stroke, neurotrauma,
Alzheimer's disease, encephalomyelitis, or viral or autoimmune encephalitis; or the inflammatory
disease of the heart is cardiomyopathy.

247. The method of embodiment 214, wherein the neurodegenerative disease is
Alzheimer's disease or Huntington’s disease.

248. The method of embodiment 214, wherein the autoimmune disease is immune-
complex vasculitis, systemic lupus or erythematodes.

249. The method of embodiment 214, wherein, the neoplastic disease is
carcinogenesis.

250. The method of embodiment 214, wherein the cholestasis is intrahepatic
cholestatic disease or extrahepatic cholestatic disease.

251.  The method of embodiment 250, wherein intrahepatic cholestatic disease is
primary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC), progressive familial
intrahepatic cholestasis (PFIC), or Alagille syndrome (AS).

252,  The method of embodiment 214, wherein the ocular disease is dry eye, meibomian
gland dysfunction, a keratoconjunctiva epithelial disorder, a corneal epithelial disorder, or a corneal
uicer.

253.  The method of embodiment 214, wherein the lysosomal storage disorder is
neurconal ceroid lipofuscinosis, Alzheimer's disease, Huntington's disease, amyotrophic lateral
sclerosis (ALS), Parkinson's disease, mulitiple system atrophy (MSA), progressive supranuclear
palsy (PSP), corticobasal degeneration (CBD), dementia with Lewy bodies (DLB), a disorder of the
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autophagy pathway, Tay-Sach's disease, Fabry disease, Niemann-Pick disease, Gaucher disease,
Hunter syndrome, alpha-mannosidosis, aspartylglucosaminuria, cholesteryl ester storage disease,
chronic hexosaminidase A deficiency, cystinosis, Danon disease, Farber disease, fucosidosis,
galactosialidosis, or Batten disease.

254. The method of embodiment 214, wherein the kidney disease is renal ischemia
reperfusion injury.

255. The method of embodiment 214, wherein the impotence results from damages to
a nerve, artery, a smooth muscle, or fibrous tissue; diabetes; kidney disease; alcoholism; multiple
sclerosis; atherosclerosis; vascular disease; or neurologic disease.

256. A method for treating or preventing hyperlipemia, hyperlipidemia,
hyperlipoproteinemia, hypercholesterolemia, hypertriglyceridemia, or dyslipidemia, comprising
administering to a subject in need thereof an effective amount of the compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1 to 207.

257. The method of embodiment 256, wherein the hypercholesterolemia is
homozygous familial hypercholesterolemia.

258. A method for treating a subject having or preventing a subject from having an
abnormally high concentration in a subject's blood plasma or blood serum of high low-density
lipoprotein (LDL), apolipoprotein B (apo B), lipoprotein(a) (Lp(a)), apolipoprotein (a), or very
low-density lipoprotein (VLDL), comprising administering to a subject in need thereof an
effective amount of the compound or the pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug of the compound of any one of embodiments 1 to 207.

259. A method for treating a subject having or preventing a subject from having an
abnormally low concentration in a subject’s blood plasma or blood serum of high-density
lipoprotein (HDL), comprising administering to a subject in need thereof an effective amount of
the compound or the pharmacedtically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1 to 207.

260. A method for treating a subject having or preventing a subject from having an
abnormally reduced or deficient lipoprotein lipase concentration or activity in a subject’s blood
plasma or blood serum, comprising administering to a subject in need thereof an effective
amount of the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or
prodrug of the compound of any one of embodiments 1 to 207.

261. The method of embodiment 260, wherein the reduced or deficient lipoprotein
lipase level or activity is a result of a mutation in a gene encoding a lipoprotein lipase.

262. A method for treating or preventing hypoalphalipoproteinemia, a lipoprotein
abnormality associated with diabetes, a lipoprotein abnormality associated with obesity, a
lipoprotein abnormality associated with Alzheimer's Disease, or familial combined

hyperlipidemia, comprising administering to a subject in need thereof an effective amount of the
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compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1 to 207.

283. A method for reducing in a subject’s blood plasma or blood serum an abnormally
high concentration of triglyceride, low-density lipoprotein cholesterol (LDL-C), very low-density
lipoprotein cholesterol (VLDL-C), non-high-density lipoprotein cholesterol, (non-HDL-C),
lipoprotein(a) (Lp(a)), apolipoprotein B, HDL/(VLDL+LDL) ratio, apolipoprotein C-li or
apolipoprotein C-Ill, comprising administering to a subject in need thereof an effective amount
of the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of
the compound of any one of embodiments 1 to 207.

284. A method for elevating in a subject's blood plasma or blood serum an abnormally
low concentration of a high-density lipoprotein (HDL)-associated protein, HDL-cholesterol,
apolipoprotein A-l, or apolipoprotein E, comprising administering to a subject in need thereof an
effective amount of the compound or the pharmaceutically acceptable salt, solvate, ester,
amide, or prodrug of the compound of any one of embodiments 1 to 207,

265. The method of embodiment 264, wherein the HDL-associated protein is
apolipoprotein A-I (apo A-l), apolipoprotein A-ll {(apo A-Il), apolipoprotein A-IV (apo A-IV) or
apolipoprotein E (apo E).

266. A method for promoting clearance of triglyceride from a subject’s blood plasma
or blood serum, comprising administering to a subject in need thereof an effective amount of
the compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1 to 207.

267. A method for increasing abnormally low glucose metabolism or lipid metabolism
in a subject, comprising administering to a subject in need thereof an effective amount of the
compound or the pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the
compound of any one of embodiments 1 to 207.

268. The method of embodiment 267, wherein the method for increasing abnormaily
low glucose metabolism increases insulin sensitivity or oxygen consumption of a subject or
decreases blood insulin, blood glucose, or glycated hemoglobin in a subject's blood plasma or
blood serum.

289. The method of embodiment 267, wherein the method for increasing abnormally
low lipid metabolism reduces a concentration of LDL or free triglyceride in a subject’s blood
plasma or blood serum, or inhibits saponified or non-saponified fatty acid synthesis.

270. A method for treating or preventing a symptom of a disease selected from
inflammation, systemic lupus erythematosus, lupus nephritis, or arthritis, comprising
administering to a subject in need thereof an effective amount of the compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1 to 207.
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271, The method of embodiment 270, wherein the arthritis is adjuvant arthritis or type
Il collagen-induced arthritis.

272 The method of embodiment 270, wherein the symptom is nephritis, kidney failure,
or kidney function reduction.

273. A method for reducing the fat content of meat in livestock, comprising
administering to livestock an effective amount of the compound or the pharmacedtically
acceptable salt, solvate, ester, amide, or prodrug of the compound of any one of embodiments
1to 207.

274. A method for reducing cholesterol content of a fowl egg, comprising
administering to a fowl species an effective amount of the compound or the pharmaceuticaily
acceptable salt, solvate, ester, amide, or prodrug of the compound of any one of embodiments
1 to 207.

275. A method for treating a subject with acute kidney injury (AKI) or at risk for AKI,
comprising administering to the subject (i) an effective amount of the compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of any one
of embodiments 1 to 207 or (ii) the pharmaceutical composition of embodiment 210 or
embodiment 211.

276. The method of embodiment 275, wherein the (i) compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound or (ii)
pharmaceutical composition is administered intravenously, optionally wherein the method
comprises once daily intravenous administration, optionally for three days.

277. The method of embodiment 275, wherein the (i) compound or the
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound or (ii)
pharmaceutical composition is administered orally.

278. The method of any one of embodiments 275 to 277, wherein the AKl is sepsis-
related AKI.

279. The method of any one of embodiments 275 to 277, wherein the AKl is
ischemia/reperfusion AKI.

280. The method of any one of embodiments 275 to 277, wherein the AKl is from
acute interstitial nephritis.

281. The method of any one of embodiments 275 to 277, wherein the AKl is from
glomerular renal disease.

282. The method of any one of embodiments 275 to 277, wherein the AKl is from
acute vasculitic renal disease.

283. The method of any one of embodiments 275 to 277, wherein the AKI is from
ischemia.

284. The method of any one of embodiments 275 to 277, wherein the AKl is from

toxic injury.
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285. The method of any one of embodiments 275 to 277, wherein the AK] is from
prerenal azotemia.

286. The method of any one of embodiments 275 to 277, wherein the AKI is from
acute postrenal destructive nephropathy.

287. The method of any one of embodiments 275 to 277, wherein the AKl is from
diabetes.

288. The method of any one of embodiments 275 to 277, wherein the AKI is from
underlying renal insufficiency.

289. The method of any one of embodiments 275 to 277, wherein the AKI is from
nephritic syndrome.

290. The method of any one of embodiments 275 to 277, wherein the AKl is from
atherosclerotic disease.

291. The method of any one of embodiments 275 to 277, wherein the AKl is from
hypotension.

292. The method of any one of embodiments 275 to 277, wherein the AKI is from
hypoxia.

203. The method of any one of embodiments 275 to 277, wherein the AKI is from
myoglobinuria-hematuria.

294. The method of any one of embodiments 275 to 277, wherein the AKl is from liver
disease.

295. The method of any one of embodiments 275 to 277, wherein the AKl is
secondary to a viral infection, optionally wherein the viral infection is COVID-19.

296. The method of embodiment 295, wherein the subject has a viral infection,
optionally wherein the viral infection is COVID-19.

297. The method of 275 to 278, wherein the subject has sepsis.

298. The method of embodiment 296, wherein the sepsis is associated with a gram-
negative bacterial infection.

299. The method of embodiment 297 or embodiment 298, wherein the subject has an
intra-abdominal cavity infection.

300. The method of embodiment 297 or embodiment 298, wherein the subject has
urosepsis.

301. The method of any one of embodiments 275 to 300, wherein the subject is
elderly.

302. The method of any one of embodiments 275 to 301, wherein the subject is a
surgical patient.

303. The method of embodiment 302, wherein the surgical patient has had a
cardiovascular surgery, optionally which is a coronary artery bypass graft (CABG) surgery
and/or heart valve surgery.
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304. The method of any one of embodiments 275 to 300, wherein the subject is
pregnant.

305. The method of any one of embodiments 275 to 304, wherein the subject has
been exposed to a nephrotoxic agent.

306. The method of embodiment 305, wherein the nephrotoxic agent comprises
cisplatin, gentamicin, cephaloridine, cyclosporine, amphotericin, carbon tetrachloride,
trichloroethylene, dichloroacetylene, or a combination thereof.

307. The method of any one of embodiments 275 to 306, wherein the subject has AKI.

308. The method of embodiment 307, wherein the effective amount is effective to
reduce the severity of the AKI.

309. The method of any one of embodiments 275 to 306, wherein the subject is at risk
for AKI.

310. The method of any one of embodiments 275 to 306, wherein the subject is at risk
for AKI following a cardiovascular surgery, optionally which is a coronary artery bypass graft
(CABG) surgery and/or heart valve surgery.

311.  The method of embodiment 309 or embodiment 310, wherein the effective
amount is effective to reduce the likelihood that the subject will develop AKI.

312. The method of any one of embodiments 309 to 311, wherein the effective
amount is effective to delay the onset of AKI.

313.  The method of any one of embodiments 309 to 311, wherein the effective
amount is effective to prevent AKI.

314. The method of any one of embodiments 309 to 311, wherein if the subject
develops AKI, the effective amount is effective to reduce the severity of the AKI.

315, The method of any one of embodiments 275 to 314, wherein the subject has a
SOFA score of 1 to 4 prior to administration of the compound or the pharmaceutically
acceptable salt, solvate, ester, amide or prodrug of the compound or the pharmaceutical
composition.

316. The method of embodiment 315, wherein the subject has a SOFA score of 2 to 4
prior to administration.

317. The method of embodiment 315, wherein the subject has a SOFA score of 1
prior to administration.

318. The method of embodiment 315, wherein the subject has a SOFA score of 2
prior to administration.

319.  The method of embodiment 315, wherein the subject has a SOFA score of 3
prior to administration.

320. The method of embodiment 315, wherein the subject has a SOFA score of 4
prior to administration.
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321.  The method of any one of embodiments 275 to 320, wherein the subject has an
endotoxin activity level of > 0.6 prior to administration.

322.  The method of any one of embodiments 275 to 321, wherein the effective
amount is effective to reduce the subject’s endotoxin activity level.

8. INCORPORATION BY REFERENCE

[0648] All publications, patents, patent applications and other documents cited in this
application are hereby incorporated by reference in their entireties for all purposes to the same
extent as if each individual publication, patent, patent application or other document were
individually indicated to be incorporated by reference for all purposes. in the event that there
are any inconsistencies between the teachings of one or more of the references incorporated

herein and the present disclosure, the teachings of the present specification are intended.
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WHAT IS CLAIMED IS:

1. A compound of Formula (C):

(C)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

R*" is phenyl, naphthyl, pyridyl, thienyl, furyl, quinolyl or benzothienyl, any of which is
unsubstituted or substituted with C1.g alkyl, C1.s haloalkyl, C1-s alkoxy, C1-s haloalkoxy,

Ca-s alkenyl, C2s alkynyl, halogen, C2.7 acyl, benzoyl, hydroxyl, nitro, amino, phenyl
or pyridyl;

R?is Cz.s alkyl, C1-s haloalkyl, Cz.s alkenyl, C2.s alkynyl, 3-7 membered cycloalkyl, C1-s
alkyl substituted with a 3-7 membered cycloalkyl, or C1- alkyl substituted with
phenyl, naphthyl or pyridyl, any of which is unsubstituted or substituted with C1.s
alkyl, C1.s haloalkyl, C1-s alkoxy, C1-s haloalkoxy, C2-s alkenyl, C2.s alkynyl, halogen,
C27 acyl, benzoyl, hydroxyl, nitro, amino, phenyl or pyridy!;

A is oxygen, sulfur or NR® in which R® is hydrogen or C1.s alkyl;

X is a C1-s alkylene chain which is unsubstituted or substituted with C1.s alkyl, C1.s

alkoxy or hydroxyl, and which has 0 or 1 double bonds;

Y is C(=0), C(=N-OR'?), CH(OR"), CH=CH, C=C, or C(=CHz) in which each of R® and
R is hydrogen or C1-s alkyl;

each of R% R* and R® is independently hydrogen, C1.s alkyl, C1.s haloalkyl, C1.s alkoxy,
C1.s haloalkoxy, C2-s alkenyl, C2-s alkynyl, halogen, C27 acyl, benzoyl, hydroxyl, nitro,
amino, phenyl, or pyridyl; optionally wherein at least one of R3, R4, and RS is not

hydrogen;
B is CH or nitrogen;
Z is oxygen or sulfur;
each of R® and R7 is independently hydrogen, C1.s alkyl, or C1-s haloalkyl;
R is CH20H, COH, COOCH2CONRX4RX5, SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5
together with the carbon atom to which R** and R*® are attached form a heterocycle:

each R*® and RX is independently H, C1-s alkyl, Cz-s alkenyl, or Co— alkyny!: and

nis0, 1,2, 3, or4.

2. A compound of Formula (D):

R1 1 "\
Z“‘C—'(CHz)n RX
A x1

(D)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
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each of R" and R? independently is a hydrogen, a halogen, nitro, C1-s alkyl, C1.s alkoxy,

C1.s haloalkyl having 1 to 3 halogens, C1-s haloalkoxy having 1 to 3 halogens, Caz.s
alkenyl, C2.s alkynyl, 3-7 membered cycloalkyl, C1-¢ alkyl substituted with 3-7
membered cycloalkyl, Ce-10 aryl which is optionally substituted, arylalky! group which
has a Ce-10 aryl moiety and C1-s alkyl moiety, a heterocyclic group or a heterocyclic-
alkyl group having a C1-s alkyl group;

each occurrence of R3, R4, and R® is independently a hydrogen or C1.s alkyl;
A'is an oxygen atom, a sulfur atom, or NR3;

each of X', X2, and Z independently is C(=0), C(=O)NH, C(=N-OR%), CH(OR?)
NH(C=0), NHSO2, SO:NH, CH=CH, C=C, or a bond; and

Y is C1.s alkylene;

R*is CH20H, COH, COOCH2CONRX*RX5, SO3H,

0
0
o o 0 o
B
O o 1 1 O ) 1 O‘ O 1
o)
HO COOH o. .0
0 o) o
0" o 0 S
o 0

n )9 i
O—P—OR*®  0—p—0—p—0R*®  O—P—0—

““4 OlRXG ’ '“‘4 (!)RXG é)RX6 , % (IDRXS ORX6 ORXG

0
xS, S s
b y A
N ~ Il
' e Cyy Fo—P—NH, P—NH, | 8Nk,
S e} x7 o}

OR
N—N OH OH o
SWs o A
N/ ~ / \N / >N ‘ I l ‘
e o~ ® o 0
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each R* and RX® is independently alkyl, aryl, or heteroaryl; or alternatively, RX4 and RX

together with the carbon atom to which R4 and R*® are attached form a heterocycle:

each R*® and RX" is independently H, C1-s alkyl, C2- alkenyl, or Cz-6 alkynyl; and
nis0, 1,2, 3, or4.

3. A compound of Formula (E):
o (CH2I—R"
N\ _x1 i
/\A

R12
(E)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

each of R" and R'? independently is hydrogen, halogen, nitro, hydroxyl, amino, C1-s
alkyl, an C1.s alkoxy, C+.s haloalkyl group having 1 to 3 halogens, C1.s haloalkoxy
group having 1 to 3 halogens, Cz.s alkenyl, C2.s alkynyl, a 3-7 membered cycloalkyl,
Ca-s alkyl having a 3-7 membered cycloalkyl substituent, or phenyl, naphthyl, benzyl,
phenethyl, pyridyl, thienyl, furyl, quinolyl, or benzothienyl group which optionally has
a substituent which is a halogen atom, nitro, hydroxyl, amino, C1.s alkyl, C1-s alkoxy,
C1-s haloalkyl having 1 to 3 halogens, C1.s haloalkoxy having 1 to 3 halogens, Ca2-s
alkenyl, C2s alkynyl, 3-7 membered cycloalky! group, C1-s alkyl group having a 3-7
membered cycloalkyl substituent, phenyl or pyridyl;

each of X" and Z' independently is C(=0), C(=O)NH, C(=N-OR'4), CH(OR?), NH(C=0),
NHSO2, SO2NH, CH=CH, C=C, or a bond, wherein each of R and RS is a
hydrogen or C+.s alkyl;

Y'is C1.s alkylene;

RXis CH20H, COH, COOCH2CONRX*4RX5 SO3H,

HO COOH
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each R* and RXS is independently alkyl, aryl, or heteroaryl; or alternatively, R and R*

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and RX" is independently H, C1-s alkyl, C2-6 alkenyl, or C2-s alkynyl: and
nis0, 1,2, 3, or4.

4. A compound of Formula (F):
TZ /R3
N- ™\ _pX
RN o 2 \-Z—x—(CHz)—R
T S5 X=Y—X 7
K / \/l] \ / R4 RS
A B!
BZ
(F)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
Ais O, S or NR” in which R7 is hydrogen or C1.g alkyl;

B'is CW or N in which W is hydrogen or a bond; B2is O, S or NR8 in which R8 is
hydrogen or C1-s alkyl;

each of X' and X2 is O, S, NH, NHC(=0), C(=0), C(=N-OR?), CH(OR"9), C=C, C=C or a
bond, wherein each of R® and R0 is hydrogen or C1-s alkyl;

Y is C1-s alkylene, which is unsubstituted or substituted with C1.g alkyl or C1.s haloalkyl

having
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1-3 halogens;

ZisNH, OorS;

R'is aryl, which is unsubstituted or substituted with C1-s alkyl, C1- alkoxy, C1.s haloalkyl
having 1-3 halogens, hydroxyi, nitro, amino, phenyl, pyridyl or halogen, or a
heterocyclic group having a five to eight membered ring comprising one to three
hetero atoms each of which is independently nitrogen, oxygen or sulfur and the
other atoms are carbon, optionally wherein a benzene ring is condensed with the
heterocyclic ring;

R? is C2.s alkyl, C1-s haloalkyl having with 1-3 halogens, Ca.7 cycloalkyl, C2-s alkenyl, Cz2-s
alkynyl, C1-4 alkyl substituted with aryl, which is unsubstituted or substituted with Ci.
8 alkyl, C1.s alkoxy, C1-s haloalkyl having 1-3 halogens, hydroxyl, nitro, amino, phenyl,
pyridyl or halogen, or C1.4 alkyl substituted with a heterocyclic group having five to

eight membered ring having one to three heteroatoms each of which is

independently nitrogen, oxygen or sulfur;
R? is halogen, trifluoromethyl, C1.s alkyl, C2-s alkenyl or C2. alkynyl;
each of R* and R® is hydrogen, C1.s alkyl or C1.s haloalkyl having 1-3 halogens:

each of Z and R® is attached to the benzene ring, and X2 is not attached to the benzene

ring;

R*is CH20H, COH, COOCH2CONR*4RX5, SO3H,

O
HO,
COOH 0 /o)
0) O , , 0] o)
o} 0 0 O
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each R** and RX5 is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and RX” is independently H, C1-s alkyl, C2-s alkenyl, or C2-s alkyny!; and
nis 0,1, 2, 3, or4.

5. A compound of Formula (G):
R! = TR
\FY\/(CHZ)qf—-A—-B*C—@ ?{6
) | RS R
K\_/ RGO
X R4
(G)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

each of R and R*, which are the same or different, is a hydrogen, C1.s alkyl, C2-s
alkenyl, C2.g alkynyl, C1-s alkoxy, halogen, C1-s haloalkyl; C1-s haloalkoxy; hydroxyl,

nitro, Cz-s acyl group, Ce-10 aryl, or a 5- or 6-membered heterocyclic group;
R? is hydrogen;

R3is C1.s alkyl, or R® is combined with R? to form =0 or =C(R7)(R8) in which each of R?

and R8, which are the same or different, is a hydrogen or C1.s alkyl;

each of R® and R®, which are the same or different, is a hydrogen atom, C1.s alkyl, C1-s

haloalkyl;
X and Y are the same or different and each represents CH or N:

Z is oxygen or sulfur;
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Ais a 5-membered heterocyclic group which is pyrazole, thiophene, furan or pyrrole,

wherein the heterocyclic group is unsubstituted or substituted with C1.s alkyl having
a substituent which is C1-s alkyl, 3- to 7-membered cycloalkyl, C2-s alkenyl, C2-s
alkynyl, C1.s alkoxy, C1- alkyl group substituted with a 3- to 7-membered cycloalkyl
group, C1-s haloalkyl, C1.s haloalkoxy, Ce-10 aryl, 5- or 8-membered heterocyclic
group, an aralkyl group having a Ces-10 aryl moiety and a C1-s alkylene moiety, or 5-

or 6-membered heterocyclic group;

B is a C1.s alkylene chain which is unsubstituted or substituted with C1.s alkyl, 3- to 7-
membered cycloalkyl group, C2-s alkenyl, C2-s alkynyl, C1.s alkoxy, halogen, C1-s
haloalky! or C1.s haloalkoxy, the alkylene group optionally having a double bond in
the case that the alkylene group has 2 to 6 carbon atoms;

qis0,1,2, 3,4, 0r5;
RX is CH20H, COH, COOCH2CONRX“RX5, SO3H,

oS H
N N N I I I
i{ k¢ C%N ?—O—F"—NHz P—NH, ﬁ NH,
o) X7 X7
N—N OH OH (\) i
/ \\N N—r\\l\ OH OH
Ng [ N /N /N ] |
N
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each R** and R*% is independently alkyl, aryl, or heteroaryl; or alternatively, RX* and RX5

together with the carbon atom to which R4 and RX® are attached form a heterocycle;

1

each R*® and RX" is independently H, C1- alkyl, C2-6 alkenyl, or Ca alkynyl: and
nis0,1,2, 3, or4.

6. A compound of Formula (H):
12 N.=N
e
X \a \ j R14 R15
Rt W'
I /)(1 R13
(H)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

each of R" and R'3, which are the same or different, is a hydrogen, C1.s alkyl, C2-
alkenyl, C2.s alkynyl, C1.s alkoxy, halogen, C1-s haloalkyl; C1.s haloalkoxy; hydroxyl,

nitro, C2-g acyl group, Ce-10 aryl, or a 5- or 6-membered heterocyclic group;

R'2 is hydrogen, C1.s alkyl, a 3- to 7-membered cycloalkyl, C2.s alkenyl, C2.s alkynyl, C1.s
alkoxy, C1-s alkyl having a 3- to 7-membered cycloalky! group substituent, C1.s
haloalkyl, C1. haloalkoxy, Ce-10 aryl, a 5- or 6-membered heterocyclic group, an
aralkyl group having a Ce-10 aryl moiety and a C1.s alkylene moiety, or a C1.s alky!

group having a 5- or 6-membered heterocyclic substituent;

R™ and R'® are the same or different and each is a hydrogen atom, C1.s alkyl, or C18

haloalkyl;
X'is CHor N;
Z' is oxygen or sulfur;
W' is oxygen or CHz when bond a is present and OH when bond a is absent:
qis 2, 3, or4.
R* is CH20H, COH, COOCH2CONRX4R*5, SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5

together with the carbon atom to which R** and R*S are attached form a heterocycle:
each R*® and R*X" is independently H, C1-s alkyl, C2-s alkenyl, or C2-s alkynyl; and
nis0,1,2,3,or4.

7. A compound of Formula (J):
S —(CH2>r DO
I a \ j R24 R25

R21 |

(J)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
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each of R?" and R, which are the same or different, is a hydrogen, C1.s alkyl, C2-s
alkenyl, C2.3 alkynyl, C1.s alkoxy, halogen, C1-s haloalkyl; C1-s haloalkoxy; hydroxyl,
nitro, Cz-s acyl group, Ce-10 aryl, or a 5- or 6-membered heterocyclic group:

R??is hydrogen, C1.s alkyl, a 3- to 7-membered cycloalkyl, C2s alkenyl, C2-s alkynyl, C1.5
alkoxy, C1-s alkyl having a 3- to 7-membered cycloalkyl group substituent, C1-s
haloalkyl, C1-s haloalkoxy, Ce-10 aryl, a 5- or 8-membered heterocyclic group, an
aralkyl group having a Ce-10 aryl moiety and a C1-s alkylene moiety, or a C1-s alkyl

group having a 5- or 6-membered heterocyclic substituent;

R24 and R are the same or different and each is a hydrogen atom, C1.s alkyl, or C1.s
haloalkyl;

X?is CHor N;

Z2 is oxygen or sulfur;

W? is oxygen or CH2 when bond a is present and OH when bond a is absent:;
ris2, 3, or4.

R* is CH20H, COH, COOCH2CONRX4R*5, SO3H,

0
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O
HO. COOH o. 0
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5

’

together with the carbon atom to which R** and R*S are attached form a heterocycle;
each RX® and R*7 is independently H, C1-s alky!, C2-s alkenyl, or C2-s alkynyl; and
nis0, 1,2, 3, or4.

8. A compound of Formula (K):
R2

RS
F

><(CH2)n—'—RX

R* RO

(K)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
A is CH or nitrogen;

B, when bond a is present, is oxygen or C(R®)(R?) in which each of R® and R? is

independently hydrogen or C1.s alkyl; B, when bond a is absent, is OH;
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W' is a bond, C(=0), or (C(R')(R""))m in which each of R'® and R'"" is independently a
hydrogen or C1.s alkyl group and mis 1, 2, or 3;

X and Y differ from each other, and each is an oxygen atom, a sulfur atom, a nitrogen
atom, or CR'2 in which R'2is a hydrogen or C1.s alkyl;

Z'is a bond, oxygen, sulfur, or C(R'3)(R"*) in which each of R and R is

independently a hydrogen or C1.s alkyl,

each of R, R?, and R?, is independently a hydrogen, C1-s alkyl, C2.s alkenyl, C2-s alkynyl,
C1-s alkoxy, halogen, C1.s haloalkyl; C1-s haloalkoxy; hydroxyl, nitro, C2-s acyl group,

Ce-10 aryl, or a 5- or 6-membered heterocyclic group;
each of R* and R?® is independently hydrogen, C1-s alkyl, C1.¢ haloalkyl;

each of R® and R7 is independently hydrogen, C1.s alkyl, C2.s alkenyl, C2-s alkynyl, or C1-
s haloalkyl

ris1,2,3 4 0or5;

RX is CH20H, COH, COOCH2CONRX4R*%, SO3H,

) 1 ’ ) 1

0 0] 0O @)
[ i I I I
O—P—OR*6 o—[i——o——p—oRXS O‘—F[’——O—*F"—O—FT—“OF{x6
““'\4 éRXG "“*4_ é)RXG ORX8 ORX6 ORX6 ORX6

303



WO 2022/189856 PCT/1B2022/000106

0 NS Ssn-S
s ? ? 0
N I
© S O ORY = 0O ,

RX7

r@% rq r@ &

each R** and R*% is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5

or

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*8 and RX" is independently H, C1-s alkyl, C2-s alkenyl, or C2-s alkynyl; and
nisG, 1,2, 3, or4.

9. A compound of Formula (L):

A
l Y
F

/ \ /N\iH _ /R23
/<:>_< l227<(CH2)n—RX
— S ]

L)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
B, when bond a is present, is oxygen; B, when bond a is absent, is OH,
W2 is a bond, C(=0), or CHz;
Z? is oxygen or sulfur;

each of R?', R?2 and R? is independently a hydrogen, C1-s alkyl, C2.s alkenyl, C2-s
alkynyl, C1.s alkoxy, halogen, C1-s haloalkyl; C1.s haloalkoxy; hydroxyl, nitro, C2-s acyl

group, Ce-10 aryl, or a 5- or 6-membered heterocyclic group;
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each of R?* and R? is independently hydrogen, C1.s alkyl, C1-s haloalkyl;

R*is CH20H, COH, COOCH2CONRX4RX5, SO3H,

X7 X7
z_[\\l\ OH OH o) O
— OH OH
N \
AN N TN D) /\[‘5(
e H ol 0 0 o

, or 0
each R** and RX® is independently alkyl, aryl, or heteroaryl; or alternatively, R*4 and RX®
together with the carbon atom to which R** and R* are attached form a heterocycle;

each RX® and RX" is independently H, C1-s alkyl, C2—s alkenyl, or C2- alkynyl; and
nis0, 1,2, 3 or4,

10. A compound of Formula (M):

R /=W
& —\——-(CHZ) —A—B—//
\_ ey

(M)
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
each of W' and W2 is independently nitrogen or CH;
X is nitrogen or CH;
Y is oxygen or sulfur;
Z is a bond, oxygen, sulfur or NR5, in which R% is hydrogen or C1.s alkyl;

each of R' and R? is independently hydrogen, halogen, hydroxyl, nitro, amino, C1.s alkyl,
3- to 7-membered cycloalkyl group, C2-s alkenyl, C2-s alkynyl, C1-s alkoxy, C1.s alkyl
having a 3- to 7-membered cycloalkyl substituent, C1-s haloalkyl, C1-s haloalkoxy, Ce-
10 aryl, 5- or 6-membered heterocyclic group, an aralkyl group having Cs-10 aryl
moiety and a C1.s alkylene, or C1.s alkyl having a 5- or 6-membered heterocyclic

substituent;
each of R® and R* is independently hydrogen, C1-s alkyl, or C1.s haloalkyl;

A is a 5-membered heterocycle which is pyrazole, thiophene, furan, isoxazole,
isothiazole or pyrrole, in which the 5-membered heterocycle is unsubstituted or
substituted with halogen, hydroxyl, nitro, amino, C1-s alkyl, 3- to 7-membered
cycloalkyl group, Cz-s alkenyl, C2-s alkynyl, C1.s alkoxy, C1-s alkyl having a 3-to 7-
membered cycloalkyl substituent, C1-s haloalkyl, C1-s haloalkoxy, Ce-10 aryl, a 5- or
6-membered heterocyclic group, an aralkyl group having a Ce-10 aryl moiety and C1-s
alkylene moiety, or C1-s alkyl group having a 5- or 6-membered heterocyclic

substituent;

B is a bond or C1.s alkylene which is unsubstituted or substituted with C1.s alkyl, 3-to 7-
membered cycloalkyl, C1-s alkoxy or a halogen substituent, optionally wherein the

C1-s alkylene has a double or triple bond;
ris0,1,2, or3;

RX is CH20H, COH, COOCH2CONRX*4RX5, SO3H,
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each R** and RX® is independently alkyl, aryl, or heteroaryl; or alternatively, R*4 and RX®

together with the carbon atom to which R** and RS are attached form a heterocycle;

each R*® and RX" is independently H, C1-s alkyl, C2-s alkenyl, or C2-6 alkynyl; and
nis0,1,2, 3, or4.

11. A compound of Formula (N):

R”\/‘:—\m

.

(N)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

W3 is nitrogen or CH;
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Z" is oxygen or sulfur;

each of R" and R"? is independently hydrogen, halogen, hydroxyl, nitro, amino, C1.s

alkyl, C1-s alkoxy, C1-g haloalkyl, or C1.s haloalkoxy’
each of R'® and R' is independently hydrogen or C1.s alkyl;

A'is a 5-membered heterocycle which is pyrazole or thiophene, in which the 5-
membered heterocycle is unsubstituted or substituted with halogen, hydroxyl, nitro,

amino, Ci-s alkyl, C1-s alkoxy, C1-s haloalkyl, or C1-s haloalkoxy;
mis 2, 3, or4;

RX is CH20H, COH, COOCH2CONRX**R*%, SO3H,

AL AL A
@és‘ ~ ~ (Wﬁ

, or °

each R** and RX5 is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX®
together with the carbon atom to which R** and R*S are attached form a heterocycle;

each RX® and RX7 is independently H, C1-s alkyl, C2-6 alkenyl, or C2-s alkynyl; and
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nis0, 1, 2, 3, or4.

12. A compound of Formula (O):

R/—W!
7~ N _(CR%®R*Yy—A—B
/

©)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
each of W' and W? independently is CH or nitrogen;

X is NR5 or CR®R7; wherein RS is hydrogen, C1.s alkyl, C1.s haloalkyl, C1.s alkyl
substituted with C1.s alkoxy, Cas.7 cycloalkyl, C1-s alkyl substituted with C3.7 cycloalkyl,
C 1-8 alkyl substituted with phenyl, C2.s acyl, or C2.s alkenyl, and each of R® and R”
independently is hydrogen or Ci.s alkyl;

Y is (CR®R®);, wherein each of R® and R® independently is hydrogen or C1.s alkyl, and r
is1,2, 3, 0r4;0or

X and Y are combined to form CR'°=CR"* or ethynylene, wherein each of R'® and R
independently is hydrogen or C1-s alkyl;

G, when bond a is present, is O, S or CR'"?R'3, wherein each of R'? and R'3

independently is hydrogen or C1.3 alkyl; G, when bond a is absent, is OH;

A is a five-membered heterocyclic ring which is thiazole, oxazole, imidazole, pyrazole,
thiophene, furan, or pyrrole, wherein the heterocyclic ring is unsubstituted or
substituted with C1.s alkyl, C2-s alkenyl, C2-s alkynyl, C1.s alkoxy, halogen, C1-s
haloalkyl, C1-s haloalkoxy, hydroxyl, nitro, C2.s acyl, Ce-10 aryl, or a five-membered or

six-membered heterocyclic group;

B is a C1-s alkylene, C2-s alkenylene or Cz-s alkynylene chain, wherein the chain is

unsubstituted or substituted with C1.s alkyl, Cs.7 cycloalkyl, C1-s alkoxy, or halogen;

each of R" and R? independently is hydrogen, C1-s alkyl, C2.s alkenyl, C2s alkynyl, C1s
alkoxy, halogen, C1.s haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, Cz-s acyl, Cs-10 aryl,

or a five-membered or six-membered heterocyclic group;
each of R® and R* independently is hydrogen or C1.s alkyl;
mis 0,1, 2,0or3;
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RX is CH20H, COH, COOCH2CONRX*RX5, SO3H,
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AL
each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and RX is independently H, Ci-s alkyl, C2-s alkenyl, or C2-s alkynyl; and
nis0,1, 2, 3, or4.

13. A compound of Formula (P):

RM\/Z)AB_BE!

7
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

G2, when bond a is present, is O, S or CHz; G2, when bond a is absent, is OH.

A? is five-membered heterocyclic ring which is thiazole, oxazole, or thiophene, wherein
the five-membered heterocyclic ring is unsubstituted or is substituted with C1.s alkyl,

C1.s alkoxy, halogen, C1.s haloalkyl, C1-s haloalkoxy, hydroxyl, nitro, or Cz2.s acyl;
B2 is a C1.s alkylene or Cz-s alkenylene chain;

each of R and R? independently is hydrogen, C1.s alkyl, C1.s alkoxy, halogen, C1-s
haloalkyl, C1.s haloalkoxy, hydroxyl, nitro, or C2-s acyl;

R*is CH20H, COH, COOCH2CONRX*RX5, SO3H,

IS SN s H o
N N I
'Y it \C§N %O—F,’—NHz P—NHz %-s —NH,
O ORX7 o

r“\é ,r% [ ONO

each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R*4 and RX5

together with the carbon atom to which R** and RX® are attached form a heterocycle:
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each R*6 and R*7 is independently H, C1-s alkyl, C2-6 alkenyl, or Cz-s alkynyl; and
nis0,1,2, 3, or4.

14. A compound of Formula (Q):

RZb

Rm\/‘~——_\/Ab_Bb

W

(Q)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
G, when bond a is present, is O, S or CHz2; G, when bond a is absent, is OH:

A is five-membered heterocyclic ring which is thiazole, oxazole, or thiophene, wherein

the five-membered heterocyclic ring is unsubstituted or is substituted with C1-s alkyl

Ci1.s alkoxy, halogen, Ci-s haloalkyl, C1-s haloalkoxy, hydroxyl, nitro, or C2-s acyl;
BP is a C1.s alkylene or C2-s alkenylene chain;

each of R'® and R? independently is hydrogen, C1.g alkyl, C1.s alkoxy, halogen, C1-s
haloalkyl, C1-s haloalkoxy, hydroxyl, nitro, or Cz-s acyl;

R3® is hydrogen or C1.g alkyl;
RXis CH20H, COH, COOCH2CONRX4RX5 SO3H,

0 O
(o]

] 2 3 7 7 1
O—P—OR*® o—;lol—o—;!—oraxs O—P—0—P—0—P—ORX®

-‘“4 éRXS ' % ORX®6 Cl)RXG , % (‘)RXG éRXG gRXG
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each R** and R*S is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5

together with the carbon atom to which R** and R*5 are attached form a heterocycle;
each R*® and RX is independently H, C1-s alkyl, C2-s alkenyl, or C2-6 alkynyl; and
nis 0, 1, 2, 3, or 4.

15. A compound of Formula (R):

/—W1
< S (CHp)y—A— 13———/-_§\/x Y—(CHz)y—RX

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:
each of W' and W2 is independently CH or N;

Xis NR® or CR*RS5, in which R® is C1.s alkyl, C1.s haloalkyl, C1-s alkyl substituted with C1-
s alkoxy, C1-s alky! substituted with a 3-7 membered cycloalkyl, C1.s alkyl substituted
with a phenyl group, Caz-s acyl, or C2-s alkenyl;

each of R* and R?® is independently hydrogen or C1.s alkyl;

Y is (CR®R);, in which each of R® and R” is independently hydrogen or C1. alkyl and r
is1, 2, 3, or4;
A is a 5 or 8-membered heterocyclic group which is thiazole, oxazole, imidazole,

pyrazole, thiophene, furan, pyrrole, pyridine or pyrimidine, or a phenyl group,
wherein the 5 or 6-membered heterocyclic group or pheny! group is unsubstituted or
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substituted with C+.s alkyl, 3-7 membered cycloalkyl, C2-s alkenyl, C2-s alkynyl, C1-s
alkoxyl, C1.s alkyl group substituted with a 3-7 membered cycloalkyl group, C1s
haloalkyl, C1-s haloalkoxy, Cs-10 aryl, a 5 or 6-membered heterocyclic group, aralkyl
group comprising a Ce-10 ary! group and a C1-s alkyl group, or C1.g alkyl group
substituted with a 5 or 6-membered heterocyclic group;

B is a bond or C1.s alkylene which is unsubstituted or substituted with C1-s alkyl, a 3-7
membered cycloalky! group, C1.s alkoxy or a halogen, and which may have a double

bond or triple bond when the carbon number of the alkylene chain is 2 or more;
Dis N or CH;
EisOorS;

each of R' and R? is independently H, C1.s alkyl, C2-s alkenyl, Cz2-s alkynyl, C1.s alkoxy,
halogen, C1-s haloalkyl, C1-s haloalkoxy, nitro, Cz2-s acyl, Ce-10 aryl, ora 5 or 6-

membered heterocyclic group;
mOo, 1,2, or3;

R* is CH20H, COH, COOCH2CONR*“R*®, SO3H,

0
HO
COOH o. .0
oo , MO 0
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each R** and R*S is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*® are attached form a heterocycle;

each RX¢ and RX" is independently H, C1-6 alkyl, C2-s alkenyl, or C2-s alkynyl; and
nis0, 1,2, 3, or4.

16. A compound of Formula (S):

R12

R&/‘_—T\/ A1_B1

\ 7

N-—(CHz)h—RX

(S)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

Alis a 5 or 6-membered heterocyclic group which is thiazole, oxazole, pyridine or
pyrimidine, or a phenyl group, wherein the 5 or 6-membered heterocyclic group or

phenyl group is unsubstituted or substituted with C1-s alkyl or C1.s haloalkyl;
B'is C24 alkylene;
each of R and R'2 is independently H, C1.s alkyl, halogen, or C1-s haloalkyl;

R'3is C1.s alkyl or C1.s haloalkyl, optionally wherein the N to which R is attached is

attached to the 6th position of benzisoxazole;

RX is CH20H, COH, COOCH2CONRX4R*®, SO3H,
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each R** and RX? is independently alkyl, aryl, or heteroaryl; or alternatively, R** and R*®
together with the carbon atom to which R** and R*5 are attached form a heterocycle;

each R*¢ and RX7 is independently H, C1-s alkyl, C2-s alkenyl, or C2-s alkynyl; and
nis 0,1, 2, 3, or 4.

17. A compound of Formula (T):

R21

(M

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

B2 is C24 alkylene;
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R2%is C1.s alkyl;

each of R?' and R?? is independently H, C1-s alkyl, halogen, or C1-s haloalkyl:

R is C1.s alkyl or C1.s haloalkyl, optionally wherein the N to which R2 is attached is

attached to the 6th position of benzisoxazole:

RX is CH20H, COH, COOCH2CONRX4RX5, SO3H,

0o O
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RXS

together with the carbon atom to which R** and R*® are attached form a heterocycle;
each R*® and RX7 is independently H, C1-s alkyl, C2-s alkenyl, or C2-6 alkynyl: and
nis0,1,2,3, or4.

18. A compound of Formula (U):
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

R'is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1s alkyl, C3-7
cycloalkyl, C2-C8 alkenyl, C2-s alkynyl, C1-s alkoxy, C1-s alkyl having a 3- to 7-
membered cycloalkyl substituent, C1.s haloalkyl, C1-s alkyl having a C1.s alkoxy
substituent, C1.s haloalkoxy, C2-s acy!, Ce-10 aryl group, a 5- or 6-membered
heterocyclic group, an aralkyl group having a Ce-10 aryl moiety and a C+.s alkylene

moiety, or a C1.s alkyl group having a 5- or 6-membered heterocyclic substituent;

R? is hydrogen, C1-s alkyl, C2-s alkenyl, C1s alkyl having a 3- to 7-membered cycloalkyl
substituent, C1-s haloalky!, C1.s alkyl group having a C1-s alkoxy substituent, C2.s acyl,

Cs-10 aryl, or an aralky! group having a Ce-10 aryl moiety and a C1-s alkylene moiety;
each of R3, R* R5 and R® independently is hydrogen, C1-s alkyl, or C1-s haloalkyl;

X is oxygen, sulfur or NR?; where R’ is hydrogen, C1-s alkyl, C1-s haloalkyl, an aralkyl

group having a Ce-10 aryl moiety and a C1.s alkylene moiety, C2-s acyl, or C2-s alkenyl,

Y is oxygen, sulfur, NR® or a bond, where R® is hydrogen, C1-s alkyl, C1.s haloalkyl, C2-s
acyl, or Cz-s alkenyl;

pisOor1;

A, when bond a is present, is oxygen CHz, N-NH2 or N-OR®, where R® is hydrogen, C1.s
alkyl, C1-s haloalkyl, C2.s acyl, C2-s alkenyl, or an aralkyl group having a Ce-10 aryl
moiety and a C1.s alkylene moiety; A, when bond a is absent, is OH;

B is, in the case of p=1, a benzene ring having or not having a substituent which is
halogen, hydroxyl, nitro, amino, C1.s alkyl, Cs.7 cycloalkyl, C2-s alkenyl, Cz-s alkynyl,
C1-s alkoxy, C1-s alkyl having a 3- to 7-membered cycloalkyl substituent, C1-s
haloalkyl, C1.s alkyl having a C1-s alkoxy substituent, C1-s haloalkoxy, C2-s acyl, Ce-10
aryl group, or an aralkyl group having a Ces-10 aryl moiety and a C1-C8 alkylene
moiety of 1-8 carbon atoms, and, in the case of p=0, a condensed ring which is
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indole, benzofuran, benzisoxazole or 1,2-benzisothiazole, in which said condensed

ring has or does not have a substituent which is

halogen, hydroxyl, nitro, amino, C1-s alkyl group, Cs.7 cycloalkyl, C2-s alkeny!, C2-s
alkynyl, C1.s alkoxy, C1-s alkyl having a 3- to 7-membered cycloalky! substituent, C1.s
haloalkyl, C1.s alkyl having a C1-C8 alkoxy substituent, C1-s haloalkoxy group, Caz-s
acyl, Ce-10 aryl, or an aralkyl group having a Cs-10 aryl moiety and a C1.s alkylene
moiety;

Y is bonded to the benzene ring of B;

(C(R3)(R*)m is bonded to the condensed ring of B at its 3-position;
m is an integer of 1 to 4;

nis0, 1,2, 3,4, or5;

Y is a bond in the case of n=0;

RXis CH20H, COH, COOCH2CONR*4R*®, SOsH,

O 0
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each R** and RX® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX%

together with the carbon atom to which R** and R*® are attached form a heterocycle;

and
each R*8 and RX" is independently H, C1- alkyl, C2—s alkenyl, or C2-s alkynyl.

19. A compound of Formula (V):

/> R AN
“"\ S Y ~(Cs—R*
R“‘ 1

/ R16

V)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

R'" is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1.s alkyl, Ca7
cycloalkyl, C2-C8 alkenyl, C2-s alkynyl, C1.s alkoxy, C1-s alkyl having a 3-to 7-
membered cycloalky! substituent, C1.s haloalkyl, C1-s alkyl having a C1-s alkoxy
substituent, C1.s haloalkoxy, Cz-s acyl, Cs-10 ary! group, a 5- or 6-membered
heterocyclic group, an aralkyl group having a Cs-10 aryl moiety and a C1.s alkylene
moiety, or a C1-s alkyl group having a 5- or 6-membered heterocyclic substituent;

R'? is hydrogen, C1.s alkyl, C2.s alkenyl, C1.s alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.s haloalkyl, C1.s alkyl group having a C1-s alkoxy substituent, C2-s acyl,
Cs-10 aryl, or an aralkyl group having a Ce-10 aryl moiety and a C1-s alkylene moiety;

each of R'3, R™, R'® and R'® independently is hydrogen, C1.s alkyl, or C1-s haloalkyl;
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Y1 is oxygen, sulfur, NR'® or a bond, where R'® is hydrogen, C1-s alkyl, C1-s haloalkyl,
C2-s acyl, or Cz.s alkenyl;

A', when bond a is present, is oxygen CHz, N-NHz or N-OR'®, where R'® is hydrogen,
C1.s alkyl, C1-s haloalkyl, C2.s acyl, C2-s alkenyl, or an aralkyl group having a Cs-10

aryl moiety and a C1.s alkylene moiety; A', when bond a is absent, is OH;

Q' is hydrogen, halogen, hydroxyl, nitro, amino, C1-s alkyl group, Cs-7 cycloalkyl, Co.s
alkeny!, Cz-s alkynyl, C1.s alkoxy, C1-s alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.s haloalkyl, C1-s alkyl having a C1.s alkoxy substituent, C1.s haloalkoxy,
C2-s acyl, Ce-10 aryl, or an aralkyl group having a Ce-10 aryl moiety and a C1-¢
alkylene moiety;

ris1, 2,3, or4;
sis1,2,3,4,0r5;

RX is CH20H, COH, COOCH2CONR*4R*5, SO3H,

o)

HO COOH o 0
0 0 o
0" o 0 3
0 o o 0 0 0

I I I I
O—P—OR® o b o—b—OR®  O—P—O—P—0O—P—OR

%4 (I)Rxe ,“«4 (‘)RXG (l)Rxs ‘“\4 (lJRxa nge (l)Rxa
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each R** and RX5 is mdependent!y alkyl, aryl, or heteroaryl; or alternatively, RX4 and RX5

together with the carbon atom to which R*4 and RX® are attached form a heterocycle;
each R*® and RX7 is independently H, C1-s alkyl, C2-6 alkenyl, or C26 alkynyl.

200 A compound of Formula (W):

©) T Y?—(C), R
R“?{@ Re
@)
(W)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

R2' is hydrogen, halogen, hydroxyl, nitro, amino, cyano, carboxyl, C1.s alkyl, C3.7
cycloalkyl, C2-C8 alkenyl, C2.s alkynyl, C1-s alkoxy, C1.s alkyl having a 3- to 7-
membered cycloalkyl substituent, C1-s haloalkyl, C1-s alkyl having a C1-s alkoxy
substituent, C1-s haloalkoxy, C2-s acyl, Ces-10 aryl group, a 5- or 6-membered
heterocyclic group, an aralkyl group having a Ce-10 aryl moiety and a C1-s alkylene
moiety, or a C1.s alkyl group having a 5- or 8-membered heterocyclic substituent;

R?Zis hydrogen, C1.s alkyl, C2.s alkenyl, C1-s alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.s haloalkyl, C1.s alkyl group having a C1-s alkoxy substituent, Cz.s acyl,
Ce-10 aryl, or an aralkyl group having a Ce-10 aryl moiety and a C1.s alkylene moiety;

each of R?*, R?, R?® and R% independently is hydrogen, C1.s alkyl, or C1.s haloalkyl;
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Y2 is oxygen, sulfur, NR? or a bond, where R?8 is hydrogen, C1-s alkyl, C1.s haloalkyl,

Ca2-s acyl, or C2s alkenyl;

Q2 is hydrogen, halogen, hydroxyl, nitro, amino, C1.s alkyl group, Ca.7 cycloalkyl, C2-s
alkenyl, C2s alkynyl, C1.s alkoxy, C1-s alkyl having a 3- to 7-membered cycloalkyl
substituent, C1.s haloalkyl, C1-s alkyl having a C1-s alkoxy substituent, C1.s haloalkoxy,
Ca2.s acyl, Ce-10 aryl, or an aralkyl group having a Ce-10 aryl moiety and a C1-s
alkylene moiety;

tis1,2, 3, or4;
uis1,2,3,4, or5;

R* is CH20H, COH, COOCH2CONRX“RX5, SO3H,

0 S s
AN S m ﬁ | |
YN IS(N \C\%N ?—o—P—NH2 r|>-~NH2 §—ﬁ—NH2
iR)(? X7
N—N OH OH Q Q
4 \\N N——\\ OH OH
oA /N [\ ] ]
N Ve /N
ML 0 o) 0 o)

I
Eé'“\f N\\<N\f N\<N\5 F(N\s“
SRS

° s | S or :
each R** and RXS is independently alkyl, aryl, or heteroaryl; or alternatively, R* and RX®

together with the carbon atom to which R** and R*® are attached form a heterocycle;

each R*® and R is independently H, C1-s alkyl, C2-s alkenyl, or C2-6 alkynyl.
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21. A compound of Formula (X):

(X)
or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

R' is hydrogen, halogen, C14 alkyl, C1-4 haloalkyl, CN, C1-4 alkoxy, C1.4 haloalkoxy, or
Ca-s cycloalkyl;

Q'is CHor N;

R?is hydrogen, halogen, CN, C1-4 alkyl, C14 haloalkyl, Css cycloalkyl, C14 alkoxy, C1-4
haloalkoxy, S(C1-4 alkyl), SO2(C1-s-alkyl), 5- or 6-membered heterocycle, aryl, 5-
membered heteroaryl, CEC-R?*, O(CH2)mR?8, NH(C1.4 alkyl), N(C1-4 alkyl)2, or
C(O)(C1-4 alkyl), wherein aryl and heteroaryl are unsubstituted or substituted with

halogen, OH, CN, C1.4 alkyl, formyl, acetyl, acetoxy, or carboxy, and wherein m is 1,
2,0r3;

xis 1or2;
R?* and R?® are each independently C1.4 alkyl, C1-4 haloalkyl, or Cas cycloalkyl:

each R%is independently hydrogen, halogen, C1.4 alkyl, CN, or C1.4 alkoxy;
R3is CHs or CDs3;

R* is CH20H, COH, COOCH2CONRX4RX5 SO3H,

324



WO 2022/189856 PCT/1B2022/000106
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX®
together with the carbon atom to which R** and R*® are attached form a heterocycle;
and

each R*® and RX7 is independently H, C1-s alkyl, Co-6 alkenyl, or C2-6 alkynyl.

2. A compound of Formula (Y):
2
R (R,
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(Y)

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

R'is hydrogen, halogen, C1.4 alkyl, C1-4 haloalkyl, CN, C1.4 alkoxy, C1-4 haloalkoxy, or
Cs-6 cycloalkyl;

Q'is CHorN:;

R?is hydrogen, halogen, CN, C1.4 alkyl, C14 haloalkyl, Cas cycloalkyl, C1.4 alkoxy, C1-4
haloalkoxy, S(C1-4 alkyl), SO2(C14-alkyl), 5- or 6-membered heterocycle, aryl, 5-
membered heteroaryl, C=C-R?, O(CH2)mR?8, NH(C1.4 alkyl), N(C1.4 alkyl)2, or
C(O)(C1-4 alkyl), wherein aryl and heteroaryl are unsubstituted or substituted with

halogen, OH, CN, C1.4 alkyl, formyl, acetyl, acetoxy, or carboxy, and wherein m is 1
2,0r3;

)

Xis 1or2;

R?A and R?8 are each independently C1.4 alkyl, C1.4 haloalkyl, or Cas cycloalky!;
each R®is independently hydrogen, halogen, C14 alkyl, CN, or C1.4 alkoxy;
R3is CHs or CDs;

RX is CH20H, COH, COOCH2CONRX4RX5 SO3H,
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each R** and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R*4 and RX5

together with the carbon atom to which R*# and R*5 are attached form a heterocycle;

i

and

each R*® and R*7 is independently H, C1-s alkyl, C2-s alkenyl, or Cz-s alkynyl.

23. A compound of Formula (2):

(R20

by
o7

X

R><\/\/

or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,

wherein:

R" is hydrogen, halogen, C1.4 alkyl, C1.4 haloalkyl, CN, C1.4 alkoxy, C1-4 haloalkoxy, or
Cs-s cycloalkyl;

Q'is CHor N;

R? is hydrogen, halogen, CN, C1.4 alkyl, C14 haloalkyl, C3s cycloalkyl, C1.4 alkoxy, C1.4
haloalkoxy, S(C1.4 alkyl), SO2(C1.s-alkyl), 5- or 6-membered heterocycle, aryl, 5-
membered heteroaryl, C=C-R?A, O(CH2)mR?B, NH(C1-4 alkyl), N(C1.4 alkyl)2, or
C(O)(C1-4 alkyl), wherein aryl and heteroaryl are unsubstituted or substituted with
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halogen, OH, CN, C1.4 alkyl, formyl, acetyl, acetoxy, or carboxy, and wherein mis 1,

2,0r3;
xis 1or2;
R?A and R?® are each independently C1.4 alkyl, C1.4 haloalkyl, or Cas cycloalkyl;
each R%is independently hydrogen, halogen, C1.4 alkyl, CN, or C1.4 alkoxy;
R3is CHs or CD3;

RX is CH20H, COH, COOCH2CONRX4RX5, SO3H,

H 0 o
N [
YN YN \C\% ?&O—Q—NHQ |F[>——NH2 %-S—NHz
N |RX7 X7 g
—N OH OH P
) \\N N~\\ OH OH
P $ J I\ L |
N N /N
A 0 0 © °

N er KZN N
R 1 R

| ,* S Lor °
each R** and RXS is independently alkyl, aryl, or heteroaryl; or alternatively, RX* and R*

together with the carbon atom to which RX4 and R*® are attached form a heterocycle;

’

and

each R*® and RX" is independently H, C1-s alkyl, C2-s alkenyl, or C2-s alkynyl.

24, A compound of Formula (AA):
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or a pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof,
wherein:

L is (CH2)s, which is unsubstituted or substituted by one methyl group;

R is hydrogen, halogen, C1.4 alkyl, C1-4 haloalkyl, CN, C1.4 alkoxy, C1.4 haloalkoxy, or
Cs-s cycloalkyl;

R?is hydrogen, halogen, CN, C1.4 alkyl, C1-4 haloalkyl, Ca cycloalkyl, C1.4 alkoxy, C1-4
haloalkoxy, S(C1-4 alkyl), SO2(C1.4-alkyl), 5- or 6-membered heterocycle, aryl, 5-
membered heteroaryl, CEC-R?*, O(CH2)mR?8, NH(C1.4 alkyl), N(C1.4 alkyl)2, or
C(O)(C1-4 alkyl), wherein aryl and heteroary! are unsubstituted or substituted with

halogen, OH, CN, C1.4 alkyl, formyl, acetyl, acetoxy, or carboxy, and wherein m is 1
2,0r3;

1

xisOor1;

R?* and R?8 are each independently C1.4 alkyl, C14 haloalkyl, or Ca.s cycloalkyl;
R? is C14 haloalkyl, NO2, CN, halogen, or C(O)O(C1-4 alkyl);

R20is hydrogen, halogen, C1-4 alkyl, CN, or C1-4 alkoxy;

RXis CH20H, COH, COOCH2CONRX4RX5 SO3H,

0 0
Qﬁﬂﬂi{o\/dk/&o oO,
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each R* and R*® is independently alkyl, aryl, or heteroaryl; or alternatively, R** and RX5
together with the carbon atom to which R** and RS are attached form a heterocycle;
and

each R*® and RX" is independently H, C1-s alkyl, C2—s alkenyl, or C2¢ alkynyl.

The compound of claim 1, having the structure:

O on
CF3

, or pharmaceutically acceptable

salt, solvate, ester, amide, or prodrug thereof.

The compound of claim 1, having the structure:

O on
\ /

, or pharmaceutically acceptable sal,

solvate, ester, amide, or prodrug thereof.
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27.  The compound of claim 1, having the structure:

/N \ O on
CFS'@_’<S !
o1

salt, solvate, ester, amide, or prodrug thereof.

, or pharmaceutically acceptable

The compound of claim 1, having the structure:

O on
CF3

acceptable salt, solvate, ester, amide, or prodrug thereof.

, or pharmaceutically

29. A compound having the structure

or pharmaceutically acceptable salt, solvate, ester, amide, or prodrug thereof.

30. A compound which is

O
/©i \/\OH
N
N
N

salt, solvate, ester, amide, or prodrug thereof.

. or pharmaceutically acceptable
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31. A compound having the structure

o™

S\/‘\/O\O
HO
~"0 CF

solvate, ester, amide, or prodrug thereof.

3
, or pharmaceutically acceptable salt,

32.  The compound or pharmaceutically acceptable salt of the compound of
any one of claims 1 to 31.

33. A pharmaceutical composition comprising the compound or
pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound of

any one of claims 1 to 31 and a pharmaceutically acceptable carrier or vehicle.

34. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing a liver disorder, dyslipidemia, dyslipoproteinemia, a renal disease, a disorder
of glucose metabolism, a disorder of lipid metabolism, a disorder of glucid metabolism,
a cardiovascular disease, a vascular disease, a metabolic syndrome, a complication
associated with metabolic syndrome, a PPAR-associated disorder, septicemia, a
thrombotic disorder, obesity, diabetic nephropathy, diabetic retinopathy, atherosclerosis,
pancreatitis, a cerebrovascular disease, a disorder related to neovascularization,
hypertension, cancer, inflammation, an inflammatory disease, a neurodegenerative
disease, an autoimmune disease, a neoplastic disease, muscle atrophy, cholestasis,
mitochondrial dysfunction, an ocular disease, a lysosomal storage disease, a kidney

disease, or impotence.

35. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing hyperlipemia, hyperlipidemia, hyperlipoproteinemia, hypercholesterolemia,

hypertriglyceridemia, or dyslipidemia.

36. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing an abnormally high concentration in a subject’s blood plasma or blood
serum of high low-density lipoprotein (LDL), apolipoprotein B (apo B), lipoprotein(a)
(Lp(a)), apolipoprotein (a), or very low-density lipoprotein (VLDL).
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37. A compound according to any one of claims 1to 31 or a pharmaceutically

acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing an abnormally low concentration in a subject’s blood plasma or blood serum
of high-density lipoprotein (HDL).

38. A compound according to any one of claims 1to 31 ora pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing an abnormally reduced or deficient lipoprotein lipase concentration or

activity in a subject’s blood plasma or blood serum.

39. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing hypoalphalipoproteinemia, a lipoprotein abnormality associated with
diabetes, a lipoprotein abnormality associated with obesity, a lipoprotein abnormality

associated with Alzheimer's Disease, or familial combined hyperlipidemia.

40. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in reducing in a
subject’s blood plasma or blood serum an abnormally high concentration of triglyceride,
low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein cholesterol
(VLDL-C), non-high-density lipoprotein cholesterol, (non-HDL-C), lipoprotein(a) (Lp(a)),
apolipoprotein B, HDL/(VLDL+LDL) ratio, apolipoprotein C-Il or apolipoprotein C-IlI.

41. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in elevating in a
subject’s blood plasma or blood serum an abnormally low concentration of a high-
density lipoprotein (HDL)-associated protein, HDL-cholesterol, apolipoprotein A-I, or

apolipoprotein E.

42. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in promoting clearance

of triglyceride from a subject’s blood plasma or blood serum.

43. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in increasing

abnormally low glucose metabolism or lipid metabolism in a subject.
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44. A compound according to any one of claims 1to 31 ora pharmaceutically

acceptable salt, solvate, ester, amide, or prodrug thereof for use in treating or
preventing a symptom of inflammation, systemic lupus erythematosus, lupus nephritis,

or arthritis.

45. A compound according to any one of claims 1to 31 ora pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in reducing the fat

content of meat in livestock.

46. A compound according to any one of claims 1 to 31 or a pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in reducing cholesterol

content of a fowl egg.

47. A compound according to any one of claims 1to 31 ora pharmaceutically
acceptable salt, solvate, ester, amide, or prodrug thereof for use in a method for
treating a subject with acute kidney injury (AKI) or at risk for AKI, comprising
administering to the subject (i) an effective amount of the compound or the

pharmaceutically acceptable salt, solvate, ester, amide, or prodrug of the compound.
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