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COMBINATION THERAPIES WITH FARNESOID X RECEPTOR (FXR) MODULATORS

FIELD OF THE INVENTION

[0001] There is a need for new therapy regimens for the treatment of metabolic disorders.

BACKGROUND OF THE INVENTION
[0002] Metabolic disease including obesity, diabetes, hypertension, and cardiovascular disease, are
diseases driven by both mulitfactorial genetics (thrifty genotypes) as well as lifestyle habits, and are
now reaching epidemic proportions in developed nations. It is believed that increasingly high caloric
diets combined with sedentary life styles are major contributors to the growing incidence of these
diseases. Importantly hyperlipidemia is associated with many types of metabolic disease, and statistics
from the American Heart Association indicate that approximately half of the adult population in the
United States has plasma cholesterol levels that put individuals at risk for the development of
cardiovascular disease (American Heart Association, Heart disease and stroke statistics — 2005 update;
2005:1-59). Furthermore, the Third Report of the National Cholesterol Education Program Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III; ATPIII, National Cholesterol Education Program 2001) has identified elevated triglyceride
levels as an independent risk factor for the development of cardiovascular disease. Approximately one
third of the adult population in the United States that have elevated cholesterol levels also have
increased triglycerides. The elevation in plasma triglycerides has now been recognized as an early and
dominant dyslipidemic symptom in patients with obesity, metabolic syndrome and diabetes and has
been suggested to play a causative role in the development of insulin resistance and type II diabetes
(Hegarty et al., Acta Physiol Scand 2003; 178(4):373-83; Shulman, J Clin Invest 2000;106(2):171-6).
[0003] Current standard of care for hyperlipidemia focuses on lowering low density lipoprotein
cholesterol (LDL) using the statin class of hydroxymethy-glutaryl-CoA reductase inhibitors (National
Cholesterol Education Program 2001). However, even after statin therapy a significant number of
patients still exhibit elevated levels of plasma triglycerides and triglyceride-rich lipoproteins including
very low density lipoproteins (VLDL) and intermediate density lipoproteins (IDL) (Friday, Exp Biol
Med (Maywood) 2003, 228(7):769-78; Quilliam et al., ] Manag Care Pharm 2004, 10(3):244-50). To
treat this population of patients with concurrent high plasma triglyceride levels the ATPIII has
identified lowering of triglyceride-rich cholesterol fractions (VLDL + IDL) as a secondary target of
drug therapy (National Cholesterol Education Program 2001). Unfortunately treatment of such patients
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with fibrates, an approved class of triglyceride lowering drugs, has potential adverse side effects,
including the possibility of increased LDL cholesterol as well as carrying the risk of fatal
rhabdomyolysis, so that combination therapy must proceed cautiously (National Cholesterol Education
Program 2001). Similarly nicotinic acid, a second approved triglyceride lowering agent, is
contraindicated in patients with insulin resistance and type II diabetes (Capuzzi et al., Curr Atheroscler
Rep 2000, 2(1):64-71). Taken together these observations highlight the need for an effective
therapeutic agent for the lowering of triglycerides and non-HDL cholesterol in patients with
cardiovascular disease, diabetes, and metabolic syndrome.

[0004] The maintenance of lipid homeostasis requires coordinate control of cholesterol and
triglyceride synthesis, transport, up-take, and excretion. Interestingly, studies in human and in animal
models have uncovered a link between bile acids, the metabolic end-product of cholesterol
metabolism, and lipid homeostasis. Clinical studies in the late 1970s exploring the effect of bile acids
on cholesterol gallstones demonstrated that treatment with chenodeoxycholic acid (CDCA) reduces
plasma triglyceride levels (Bateson et al., Br J Clin Pharmacol 1978, 5(3):249-54; Iser and Sali, Drugs
1981, 21(2):90-119). In contrast, treatment with bile acid sequestrants, which deplete intestinal bile
acids, increase triglycerides (Angelin et al., J Lipid Res 1978;19(8):1017-24). Importantly the bile
acid-dependent decrease in triglycerides is mediated, at least in part, through a reduction in the
production of VLDL (Hirokane et al., J Biol Chem 2004, 279(44):45685-92; Post et al., Arterioscler
Thromb Vasc Biol 2004, 24(4):768-74; Sirvent et al., FEBS Lett 2004, 566(1-3):173-7; Kang and
Davis, Biochim Biophys Acta 2000, 1529(1-3):223-30).

[0005] Atherosclerosis and its clinical consequences, including coronary heart disease (CHD), stroke
and peripheral vascular disease, represent a truly enormous burden to the health care systems of the
industrialized world. In the United States alone, approximately 13 million patients have been
diagnosed with CHD, and greater than one half million deaths are attributed to CHD each year.
Further, this toll is expected to grow over the next quarter century as an epidemic in obesity and
diabetes continues to grow.

[0006] It has long been recognized that in mammals, variations in circulating lipoprotein profiles
correlate with the risk of atherosclerosis and CHD. The clinical success of HMG-CoA reductase
inhibitors, especially the statins, in reducing coronary events is based on the reduction of circulating
low density lipoprotein cholesterol (LDL-C), levels of which correlate directly with an increased risk

for atherosclerosis. More recently, epidemiologic studies have demonstrated an inverse relationship
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between high density lipoprotein cholesterol (HDL-C) levels and atherosclerosis, leading to the

conclusion that low serum HDL-C levels are associated with an increased risk for CHD.

SUMMARY OF THE INVENTION
[0007] The present application relates to methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) at least one second agent that is an CCR2/CCRS
antagonist, ASK1 inhibitor, DPP-IV inhibitor, caspase protease inhibitor, SGLT2 inhibitor, acetyl-CoA
carboxylase (ACC) inhibitor, diacylglycerol acyltransferase-1 inhibitor, sodium-bile acid
cotransporter-inhibitor, TLR-4 antagonist, PPAR alpha/delta agonist, or GLP-1 agonist, or a
combination thereof.
[0008] The present application also relates to FXR modulators. Disclosed herein are FXR
modulatators, and pharmaceutical compositions that include such FXR modulatators, for use in the
treatment of diseases, disorders or conditions that would benefit from FXR modulation. In one aspect
is the administration of an FXR modulator described herein to a mammal in the treatment of diseases,
disorders or conditions that would benefit from FXR modulation.
[0009] In an aspect of the invention are methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) a second agent that is a DPP-IV inhibitor. Disclosed
herein, are methods of treating a metabolic disorder in an individual in need thereof, comprising co-
administering to the individual a therapeutically effective amount of: (a) a first agent that is an FXR
modulator; and (b) a second agent that is an SGLT2 inhibitor. Disclosed herein, are methods of treating
a metabolic disorder in an individual in need thereof, comprising co-administering to the individual a
therapeutically effective amount of: (a) a first agent that is an FXR modulator; and (b) a second agent
that 1s an ASK1 inhibitor. Disclosed herein, are methods of treating a metabolic disorder in an
individual in need thereof, comprising co-administering to the individual a therapeutically effective
amount of’ (a) a first agent that is an FXR modulator; and (b) a second agent that is a GLP-1 agonist.

[0010] In some embodiments, the FXR modulator is a compound of Formula (I):

1
R R Rk
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Formula (I);

wherein:

R' is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted Cs-Cscycloalkyl, optionally
substituted -(C,-Cjalkylene)-(Cs-Cscycloalkyl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted -(C,-C,alkylene)-(C,-Coheterocycloalkyl), optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted -(C,-Calkylene)-(heteroaryl), -OR'®, -SR"’,
NR'MRY, -NRMS0),RY; -NRPNRDR", -NRPNRMS(0),RY, -C(O)RY,
-C(O)OR", -C(S)OR™, -C(0)SR'’, -C(O)NR'HR', -C(S)NR'HR", -C(O)N(R'HS(0),R",
-C(S)NR'™S(0),R", -C(ONRHINR'R', -C(SNRINR" R and
-C(ONR)NR™HS(0):R";

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-
Csalkylene)-(aryl), optionally substituted heteroaryl, optionally substituted C,-
Csheterocycloalkyl, and optionally substituted -(C;-C,alkylene)-(heteroaryl);

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted heteroaryl, optionally substituted C,-Cyheterocycloalkyl, optionally
substituted -(C,-Caalkylene)-(heteroaryl), -C(O)R*’, -C(O)OR™, -S(0),R™, -C(O)N(R*")R*,
-C(O)N(R*HS(0),R*, -C(O)NR*®)N(R*HR*, -C(ONR*)N(R?HS(0),R*, -N(R*)C(O)RY,
NRP)C(ONRHR?, -NRP)C(O)NR?HS(0),R*, -NR*)C(O)NR*NR?HR?,
NR*)C(ONRP®NR?HS(0),R*, -N(R*)C(0)ORY, -P(0)OR*, and -P(O)(OR")OR?;

R* and R’ are each independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,-Cealkyl, optionally substituted C,-Csalkoxy, optionally substituted C,-
Cgalkenyl, and optionally substituted C,-Cealkynyl; or R* and R’ together with the carbon atom
to which they are attached, form an optionally substituted C;-Cscycloalkyl ring or an optionally
substituted C,-C-heterocycloalkyl ring;

R® is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cealkynyl, and -C(O)N(R*)R*;
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R’ is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C;-Cesalkoxy, optionally substituted C,-Csalkenyl, and optionally
substituted C,-Cgalkynyl,

R® is selected from the group consisting of -CN, -C(O)OR*’, -C(O)N(R*)R*, o-N

/N 0 _ /N "N
_§_<N/* §—<O/|kR25 .

>

R25 and

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
Cs-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-Csalkylene)-(heteroaryl); or R® and R’ together with the carbon atoms to which
they are attached, form an optionally substituted C,-Coheterocycloalkyl ring or an optionally
substituted heteroaryl ring;

R R" and R" are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cgalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl);

R''and R'? are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Calkylene)-(heteroaryl); or optionally
R'" and R'? together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Coheterocycloalkyl ring;

R" is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted C5-Cg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),
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R"Y R, and R* are each independently selected from the group consisting of hydrogen,
optionally substituted C,-Cealkyl, optionally substituted C,-Csalkenyl, optionally substituted
C,-Cgalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl);

R*!and R** are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl); or optionally
R* and R* together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Cyheterocycloalkyl ring;

R** is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted C3-Cs
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl); and

R”’ and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Cgalkyl, optionally substituted Cs-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof

R*" and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Cgalkyl, optionally substituted Cs-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or
R”" and R*® together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Coheterocycloalkyl ring; or a pharmaceutically acceptable salt, stereoisomer, or
solvate thereof.

[0011] In some embodiments, the FXR modulator is a compound of Formula (II):



WO 2017/205684 PCT/US2017/034564

Formula (II);

wherein:

R' is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted Cs-Cscycloalkyl, optionally
substituted -(C,-Cjalkylene)-(C;-Cscycloalkyl), optionally substituted C,-Csheterocycloalkyl,
optionally substituted -(C,-C,alkylene)-(C,-Coheterocycloalkyl), optionally substituted -(C,-
Calkylene)-(aryl), optionally substituted -(C1-Csalkylene)-(heteroaryl), -OR'®, -SR",
NR'MRY, -NRMS0),RY; -NRPNRDR", -NRPNRMS(0),RY, -C(O)RY,
-C(O)OR", -C(S)OR™, -C(0)SR'’, -C(O)NR'HR', -C(S)NR'HR", -C(O)N(R'HS(0),R",
-C(S)NR'™S(0),R", -C(ONRHINR'R', -C(SNRINR" R and
-C(ONRPNR'HS(0),R";

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-
Csalkylene)-(aryl), optionally substituted heteroaryl, optionally substituted C,-
Coheterocycloalkyl, and optionally substituted -(C;-C,alkylene)-(heteroaryl);

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted heteroaryl, optionally substituted C,-Coheterocycloalkyl, optionally
substituted -(C,-Caalkylene)-(heteroaryl), -C(O)R*’, -C(O)OR™, -S(0),R™, -C(O)N(R*")R*,
-C(O)N(R*HS(0),R*, -C(ONR*)N(R*HR*, -C(O)NR*)N(R?HS(0),R*, -N(R*)C(O)RY,
NRP)C(ONRHR?, -NRP)C(O)NR?HS(0),R*, -NR*)C(O)NR*NR*HR?,
NR*)C(ONRP®NR?HS(0),R*, -N(R*»)C(0)ORY, -P(0)OR*, and -P(O)(OR")OR?;

R* and R’ are each independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,-Cealkyl, optionally substituted C,-Csalkoxy, optionally substituted C,-
Cgalkenyl, and optionally substituted C,-Cealkynyl; or R* and R’ together with the carbon atom
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to which they are attached, form an optionally substituted C3-Cscycloalkyl ring or an optionally
substituted C,-C-heterocycloalkyl ring;
R® is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cealkynyl, and -C(O)N(R*)R*;
R’ is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C;-Cesalkoxy, optionally substituted C,-Csalkenyl, and optionally
substituted C,-Cgalkynyl,

R® is selected from the group consisting of -CN, -C(O)OR*’, -C(O)N(R**)R*, o-N

/N 0 _ /N "N
_§_<N/A §—<O/|kR25 .

)

R25 and

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
Cs-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-Csalkylene)-(heteroaryl); or R® and R’ together with the carbon atoms to which
they are attached, form an optionally substituted C,-Coheterocycloalkyl ring or an optionally
substituted heteroaryl ring;

R R" and R" are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cgalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl);

R''and R'? are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or optionally
R'" and R'? together with the nitrogen atom to which they are attached, form an optionally

substituted C,-Coheterocycloalkyl ring;
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R" is selected from the group consisting of optionally substituted C,-Csalkyl, optionally
substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted C3-Csg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),

R"Y R, and R* are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cgalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl);

R*!and R** are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or optionally
R* and R* together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Coheterocycloalkyl ring;

R** is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-Cg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl); and

R”’ and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Cgalkyl, optionally substituted Cs-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof

R*" and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Csalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or
R”" and R*® together with the nitrogen atom to which they are attached, form an optionally

-9-



WO 2017/205684 PCT/US2017/034564

substituted C,-Coheterocycloalkyl ring; or a pharmaceutically acceptable salt, stereoisomer, or

solvate thereof.
[0012] In some embodiments of a compound of Formula (I) or (II), R® and R’ are hydrogen. In some
embodiments of a compound of Formula (I) or (II), R* and R’ are each independently optionally
substituted C,-Csalkyl. In some embodiments of a compound of Formula (I) or (I), R* and R are
methyl. In some embodiments of a compound of Formula (I) or (IT), R? is -C(O)R”™. In some
embodiments of a compound of Formula (I) or (I), R’ is -S(0),R*. In some embodiments of a
compound of Formula (I) or (IT), R? is -C(O)R* or -S(0),R*; and R*® is optionally substituted aryl. In
some embodiments of a compound of Formula (I) or (II), R’ is -C(O)N(R*")R**. In some embodiments
of a compound of Formula (I) or (I}, R? is -C(O)N(R*)R**; R*' is hydrogen and R* is optionally
substituted aryl. In some embodiments of a compound of Formula (I) or (II), R® is -C(O)OR®. In some
embodiments of a compound of Formula (I) or (IT), R® is -C(O)OR” and R* is optionally substituted
C1-Cealkyl. In some embodiments of a compound of Formula (I) or (II), R® is -C(O)OR** and R** is
methyl. In some embodiments of a compound of Formula (I) or (II), R® is -C(O)OR™ and R” is ethyl.
In some embodiments of a compound of Formula (I) or (II), R’ is hydrogen or optionally substituted
C,-Cealkyl. In some embodiments of a compound of Formula (I) or (II), R’ is hydrogen. In some
embodiments of a compound of Formula (I) or (I), R’ is optionally substituted C,-Cgalkyl. In some
embodiments of a compound of Formula (I) or (I), R’ is C;-Cealkyl. In some embodiments of a
compound of Formula (I) or (IT), R’ is methyl. In some embodiments of a compound of Formula (I) or
(II), R* is hydrogen. In some embodiments of a compound of Formula (I) or (IT), R" is hydrogen. In
some embodiments of a compound of Formula (I) or (IT), R" is C,-Cealkyl, optionally substituted Cs-
Csalkenyl, or optionally substituted C,-Cealkynyl.

[0013] In some embodiments, the FXR modulator is a compound of Formula (III):

] R30
R' R4 Rs /

N7 . ¢ \\X
- =X 531
HN— N R,
(@] R® ©
OR25

Formula (IIT);
wherein:
R' is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
-10-
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aryl, optionally substituted heteroaryl, optionally substituted Cs-Cscycloalkyl, optionally
substituted -(C,-Cjalkylene)-(C3-Cscycloalkyl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted -(C,-C,alkylene)-(C,-Coheterocycloalkyl), optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted -(C,-Csalkylene)-(heteroaryl), -OR'®, -SR"°,
NRMRY, -NRMS(0),RY; -NRPINRDR", -NRPNRMS(0),RY, -C(O)RY,
-C(O)OR", -C(S)OR™, -C(0)SR'’, -C(O)NR'HR', -C(S)NR'HR", -C(O)N(R'HS(0),R",
-C(S)NR'™S(0),R", -C(ONR)NR'R', -C(SNRINR"R' and
-C(ONR)NR™S(0)R";

R* and R’ are each independently optionally substituted C,-Cgalkyl;

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-C,alkylene)-(heteroaryl);

R R" and R" are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cealkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl);

R" is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Csalkenyl, optionally substituted C,-Cealkynyl, optionally substituted C3-Csg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),

R''and R"? are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Calkylene)-(heteroaryl); or optionally
R and R'? together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Cyheterocycloalkyl ring;

R¥is C,-Cealkyl,
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R32 R33 FI\>34 R34
|
s N\Rss ;0 N\R35
r t
R*"is halogen, R% R¥  or R32 R¥®

each R*! is independently halogen, -OH, -CN, -NO,, -NH,, optionally substituted C;-Csalkyl,
optionally substituted C;-Cgalkoxy, optionally substituted C,-Csalkylamine, optionally
substituted C;-Cgcycloalkyl, optionally substituted C,-Csheterocycloalkyl, aryl, or heteroaryl,

each R’ and R* are each independently selected from the group consisting of hydrogen, halogen,
and C;-Cealkyl,

R’ and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted Cs;-Cscycloalkyl, and optionally substituted C,-
Csheterocycloalkyl; or R** and R* together with the nitrogen atom to which they are attached,
form an optionally substituted C,-Csheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

nis0, 1,2, 3, or4;

ris0, 1,2, 3, or4;

tis 2, 3, or 4; or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof.

[0014] In some embodiments of a compound of Formula (IIT), R is F. In some embodiments of a
R32 R33 |-|\>34

R N-r3s
]

compound of Formula (III), R**is  R® R*¥®  In some embodiments of a compound of Formula
R34

|
vh_;‘O N\R35
t

1), R*is R®2 R¥® 15 some embodiments of a compound of Formula (III), t is 2; and each R*
and R* are hydrogen. In some embodiments of a compound of Formula (III), R** and R* together
with the nitrogen atom to which they are attached form a C,-Coheterocycloalkyl ring. In some
embodiments of a compound of Formula (III), R** and R* together with the nitrogen atom to which
they are attached form a morpholinyl. In some embodiments of a compound of Formula (IIT), nis 1. In
some embodiments of a compound of Formula (IIT), R*! is halogen. In some embodiments of a
compound of Formula (III), R*' is F. In some embodiments of a compound of Formula (IIT), R* and R’
are each methyl. In some embodiments of a compound of Formula (III), R is hydrogen or optionally

substituted C,-Cgalkyl. In some embodiments of a compound of Formula (III), R’ is hydrogen. In some
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embodiments of a compound of Formula (IIT), R’ is optionally substituted C,-Csalkyl. In some
embodiments of a compound of Formula (IIT), R is C,-Cgalkyl. In some embodiments of a compound
of Formula (IIT), R’ is methyl.

[0015] In some embodiments of a compound of Formula (IIT), the FXR modulator is a compound of
Formula (IlIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

F

OR25
Formula (II1a).
[0016] In some embodiments of a compound of Formula (IIT), the FXR modulator is a compound of

Formula (IIIb), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

OR25
Formula (IIIb).

[0017] In some embodiments, the FXR modulator is a compound of Formula (IV):

R30

Y /3
Ne R
0

RO
OR25
Formula (IV);

wherein:

R' is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted C;-Cgcycloalkyl, optionally
substituted -(C,-Cjalkylene)-(Cs-Cscycloalkyl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted -(C,-C,alkylene)-(C,-Coheterocycloalkyl), optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted -(C,-Calkylene)-(heteroaryl), -OR'®, -SR",
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NR'MRY, -NRMS0),RY; -NRPNRDR", -NRPNRMS(0),RY, -C(O)RY,
-C(O)OR", -C(S)OR™, -C(0)SR", -C(O)NR'HR', -C(S)NR'HR", -C(O)NR'HS(0),R",
-C(S)NR'™S(0),R", -C(ONRHINR'R', -C(SNRINR" R and
-C(ONR)NR™HS(0):R";

R* and R’ are each independently optionally substituted C,-Cgalkyl;

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-C,alkylene)-(heteroaryl);

R R" and R" are each independently selected from the group consisting of hydrogen,
optionally substituted C,-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cealkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl);

R" is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted C3-Csg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),

R''and R"? are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Calkylene)-(heteroaryl); or optionally
R and R'? together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Cyheterocycloalkyl ring;

R¥is C,-Cealkyl,

R32 R33 FI\>34 R34
|
s N\Rss ;0 N*R35
r t
R*ishalogen, R® R¥® o R3®2 R®
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each R is independently halogen, -OH, -CN, -NO,, -NH,, optionally substituted C;-Csalkyl,
optionally substituted C,;-Cgalkoxy, optionally substituted C,-Csalkylamine, optionally
substituted C;-Cgcycloalkyl, optionally substituted C,-Csheterocycloalkyl, aryl, or heteroaryl,

each R’ and R* are each independently selected from the group consisting of hydrogen, halogen,
and C;-Cealkyl,

R’ and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted Cs;-Cscycloalkyl, and optionally substituted C,-
Csheterocycloalkyl; or R** and R* together with the nitrogen atom to which they are attached,
form an optionally substituted C,-Csheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

nis0, 1,2, 3, or4;

ris0,1,2,3, or4;

tis 2, 3, or 4; or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof.

[0018] In some embodiments of a compound of Formula (IV), R* is F. In some embodiments of a
R32 R33 |-|\>34

R N ras
]

compound of Formula (IV), R**is R® R¥  In some embodiments of a compound of Formula
R34
|

‘31;_0 N‘R35
t

(IV), R is R% R®  In some embodiments of a compound of Formula (IV), tis 2; and each R*
and R* are hydrogen. In some embodiments of a compound of Formula (IV), R** and R* together
with the nitrogen atom to which they are attached form a C,-Coheterocycloalkyl ring. In some
embodiments of a compound of Formula (IV), R* and R together with the nitrogen atom to which
they are attached form a morpholinyl. In some embodiments of a compound of Formula (IV), nis 1. In
some embodiments of a compound of Formula (IV), R*' is halogen. In some embodiments of a
compound of Formula (IV), R*! is F. In some embodiments of a compound of Formula (IV), R* and R’
are each methyl. In some embodiments of a compound of Formula (IV), R” is hydrogen or optionally
substituted C,-Cgalkyl. In some embodiments of a compound of Formula (IV), R’ is hydrogen. In some
embodiments of a compound of Formula (IV), R” is optionally substituted C,-Csalkyl. In some
embodiments of a compound of Formula (IV), R’ is C,-Cealkyl. In some embodiments of a compound

of Formula (IV), R’ is methyl.
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[0019] In some embodiments of a compound of Formula (IV), the FXR modulator is a compound of

Formula (IVa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:
F

OR25
Formula (IVa).
[0020] In some embodiments of a compound of Formula (IV), the FXR modulator is a compound of

Formula (IVD), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:
F

OR25
Formula (IVD).

[0021] In some embodiments of a compound of Formula (II) or (IV), R' is hydrogen. In some

embodiments of a compound of Formula (IIT) or (IV), R' is C,-Csalkyl, optionally substituted C,-
Cealkenyl, or optionally substituted C,-Cgalkynyl. In some embodiments of a compound of Formula
(IIT) or (IV), R* is methyl. In some embodiments of a compound of Formula (IIT) or (IV), R* is ethyl.

In some embodiments of a compound of Formula (III) or (IV), R*® is isopropyl.

R1 R4 R5
7

N

[0022] In some embodiments, the FXR modulator is a compound of Formula (V):
HN
R25~

R30
A
=X L3
(R*"n
@]
R26

Formula (V);

__N
O R®
"

wherein:

R' is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted C;-Cgcycloalkyl, optionally
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substituted -(C,-Cjalkylene)-(C3-Cscycloalkyl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted -(C,-C,alkylene)-(C,-Coheterocycloalkyl), optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted -(C,-Calkylene)-(heteroaryl), -OR'®, -SR"’,
NRMRY, -NRMS(0),RY; -NRPNRDR", -NRPNRMS(0),RY, -C(O)RY,
-C(O)OR", -C(S)OR™, -C(0)SR'’, -C(O)NR'HR', -C(S)NR'HR", -C(O)N(R'HS(0),R",
-C(S)NR'™S(0),R", -C(ONR)NR'R', -C(SNRINR" R and
-C(ONR)NR™S(0)R";

R* and R’ are each independently optionally substituted C,-Cgalkyl;

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-C,alkylene)-(heteroaryl);

R R" and R" are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cgalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl);

R" is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-Cg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),

R''and R'? are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or optionally
R and R'? together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Coheterocycloalkyl ring;

R”’and R*® are each independently selected from the group consisting of hydrogen, and
optionally substituted C,-Cgalkyl,
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R32 R33 FI\>34 FI\>34
s N\Rss ;0 N\R35
r t
R*"is halogen, R% R¥  or R32 R¥®

each R is independently halogen, -OH, -CN, -NO,, -NH,, optionally substituted C;-Csalkyl,
optionally substituted C;-Cgalkoxy, optionally substituted C,-Csalkylamine, optionally
substituted C;-Cgcycloalkyl, optionally substituted C,-Csheterocycloalkyl, aryl, or heteroaryl,

each R’ and R* are each independently selected from the group consisting of hydrogen, halogen,
and C;-Cealkyl,

R’ and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted Cs;-Cscycloalkyl, and optionally substituted C,-
Csheterocycloalkyl; or R** and R* together with the nitrogen atom to which they are attached,
form an optionally substituted C,-Csheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

nis0, 1,2, 3, or4;

ris0, 1,2, 3, or4;

tis 2, 3, or 4; or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof.

[0023] In some embodiments of a compound of Formula (V), R* is F. In some embodiments of a
R32 R33 |-I\>34

Wy N *R35
)

compound of Formula (V), R*is  R® R®  n some embodiments of a compound of Formula (V),
R34

|
”h;,o N\R35
t

R*is R%2 R® Iy some embodiments of a compound of Formula (V), tis 2; and each R*? and R*®
are hydrogen. In some embodiments of a compound of Formula (V), R** and R* together with the
nitrogen atom to which they are attached form a C,-Coheterocycloalkyl ring. In some embodiments of
a compound of Formula (V), R* and R*® together with the nitrogen atom to which they are attached
form a morpholinyl. In some embodiments of a compound of Formula (V), nis 1. In some
embodiments of a compound of Formula (V), R*! is halogen. In some embodiments of a compound of
Formula (V), R*! is F. In some embodiments of a compound of Formula (V), R* and R’ are each
methyl. In some embodiments of a compound of Formula (V), R’ is hydrogen or optionally substituted

C,-Cgalkyl. In some embodiments of a compound of Formula (V), R’ is hydrogen. In some
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embodiments of a compound of Formula (V), R’ is optionally substituted C;-Csalkyl. In some
embodiments of a compound of Formula (V), R’ is C,-Cealkyl. In some embodiments of a compound
of Formula (V), R’ is methyl.

[0024] In some embodiments of a compound of Formula (V), the FXR modulator is a compound of
Formula (Va), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

F

N—R26
RS
Formula (Va).
[0025] In some embodiments of a compound of Formula (V), the FXR modulator is a compound of

Formula (Vb), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

F
F
@)
N—R2
|
R25
Formula (VD).

[0026] In some embodiments, the FXR modulator is a compound of Formula (VI):

R30

/
7Y
NW(Q\(R“),,
(@)

R9

Formula (VI);
wherein:
R' is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted

aryl, optionally substituted heteroaryl, optionally substituted C;-Cgcycloalkyl, optionally

-19-



WO 2017/205684 PCT/US2017/034564

substituted -(C,-Cjalkylene)-(Cs-Cscycloalkyl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted -(C,-C,alkylene)-(C,-Coheterocycloalkyl), optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted -(C,-Calkylene)-(heteroaryl), -OR'®, -SR"’,
NRMRY, -NRMS(0),RY; -NRPNRDR", -NRPNRMS(0),RY, -C(O)RY,
-C(O)OR", -C(S)OR™, -C(0)SR'’, -C(O)NR'HR', -C(S)NR'HR", -C(O)N(R'HS(0),R",
-C(S)NR'™S(0),R", -C(ONR)NR'R', -C(SNRINR" R and
-C(ONR)NR™S(0)R";

R* and R’ are each independently optionally substituted C,-Cgalkyl;

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-C,alkylene)-(heteroaryl);

R R" and R" are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cgalkynyl, optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-Csalkylene)-(heteroaryl);

R" is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-Cg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),

R''and R'? are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or optionally
R'" and R'? together with the nitrogen atom to which they are attached, form an optionally
substituted C,-Coheterocycloalkyl ring;

R”’and R*® are each independently selected from the group consisting of hydrogen, and
optionally substituted C,-Cgalkyl,
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R32 R33 FI\>34 R34
|
s N\Rss ;0 N\R35
r t
R*"is halogen, R% R¥  or R32 R¥®

each R*! is independently halogen, -OH, -CN, -NO,, -NH,, optionally substituted C;-Csalkyl,
optionally substituted C;-Cgalkoxy, optionally substituted C,-Csalkylamine, optionally
substituted C;-Cgcycloalkyl, optionally substituted C,-Csheterocycloalkyl, aryl, or heteroaryl,

each R’ and R* are each independently selected from the group consisting of hydrogen, halogen,
and C;-Cealkyl,

R**and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted Cs;-Cscycloalkyl, and optionally substituted C,-
Csheterocycloalkyl; or R** and R* together with the nitrogen atom to which they are attached,
form an optionally substituted C,-Csheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

nis0, 1,2, 3, or4;

ris0, 1,2, 3, or4;

tis 2, 3, or 4; or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof.

[0027] In some embodiments of a compound of Formula (VI), R* is F. In some embodiments of a
R32 R33 |-|\>34

R N ras
]

compound of Formula (VI), R**is R® R¥  In some embodiments of a compound of Formula
R34

)
':LL;‘O N\R35
t

(VIR is R32 R®  In some embodiments of a compound of Formula (VI), tis 2; and each R*
and R* are hydrogen. In some embodiments of a compound of Formula (VI), R** and R* together
with the nitrogen atom to which they are attached form a C,-Coheterocycloalkyl ring. In some
embodiments of a compound of Formula (VI), R* and R* together with the nitrogen atom to which
they are attached form a morpholinyl. In some embodiments of a compound of Formula (VI), nis 1. In
some embodiments of a compound of Formula (VI), R*' is halogen. In some embodiments of a
compound of Formula (VI), R*! is F. In some embodiments of a compound of Formula (VI), R* and R’
are each methyl. In some embodiments of a compound of Formula (VI), R” is hydrogen or optionally

substituted C,-Cgalkyl. In some embodiments of a compound of Formula (VI), R’ is hydrogen. In some
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embodiments of a compound of Formula (VI), R” is optionally substituted C;-Csalkyl. In some
embodiments of a compound of Formula (VI), R” is C,-Cealkyl. In some embodiments of a compound
of Formula (VI), R’ is methyl.

[0028] In some embodiments of a compound of Formula (VI), the FXR modulator is a compound of

Formula (VIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

F

Formula (VIa).
[0029] In some embodiments of a compound of Formula (VI), the FXR modulator is a compound of

Formula (VIb), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

F

Formula (VIb).
[0030] In some embodiments of a compound of Formula (V) or (VI), R is hydrogen. In some
embodiments of a compound of Formula (V) or (VI), R! is C,-Csalkyl, optionally substituted C,-
Csalkenyl, or optionally substituted C,-Cgalkynyl. In some embodiments of a compound of Formula
(V) or (VI), R* and R*® are independently hydrogen or C,-Cgalkyl. In some embodiments of a
compound of Formula (V) or (VI), R* and R are hydrogen. In some embodiments of a compound of
Formula (V) or (VI), R” and R* are independently C,-Cgalkyl.

In some embodiments, the FXR modulator is a compound of Formula (VII):
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Formula (VII);

wherein:

R' is selected from the group consisting of hydrogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
Cs-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally
substituted -(C,-Cjalkylene)-(heteroaryl);

R’ is selected from the group consisting of -CN, -C(0)OR”, -C(O)N(R*)R®, = o N

=2

N R25 and o R25: or R' and R? together with the carbon atoms to which they are

attached, form an optionally substituted C,-Cyheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted heteroaryl, optionally substituted C,-Cyheterocycloalkyl, optionally
substituted -(C,-Caalkylene)-(heteroaryl), -C(O)R*’, -C(O)OR™, -S(0),R”™, -C(O)N(R*")R*,
-C(O)N(R*HS(0),R*, -C(O)NR*®)N(R*HR*, -C(ONR*)N(R?HS(0),R*, -N(R*)C(O)RY,
NRP)C(ONRHR?, -NRP)C(O)NR?HS(0),R*, -NR*)C(O)NR*NR?HR?,
NR*)C(ONR?NR?HS(0),R*, -N(R*)C(0)ORY, -P(0)OR*, and -P(O)(OR")OR?;

R* and R’ are each independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,-Cealkyl, optionally substituted C,-Csalkoxy, optionally substituted C,-
Cgalkenyl, and optionally substituted C,-Cealkynyl; or R* and R together with the carbon atom
to which they are attached, form an optionally substituted C;-Cscycloalkyl ring or an optionally
substituted C,-C-heterocycloalkyl ring;

R® is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cealkynyl, and -C(O)N(R*)R*;

R’ is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C;-Cesalkoxy, optionally substituted C,-Csalkenyl, and optionally
substituted C,-Csalkynyl,
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R® is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-
Csalkylene)-(aryl), optionally substituted heteroaryl, optionally substituted C,-
Csheterocycloalkyl, and optionally substituted -(C;-C,alkylene)-(heteroaryl);

R’ and R'? together with the carbon atoms to which they are attached, form an optionally
substituted nitrogen containing 6-membered heteroaryl ring;

R"Y R, and R* are each independently selected from the group consisting of hydrogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkenyl, optionally substituted
C,-Cealkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl);

R*'and R** are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-
Csalkynyl, optionally substituted C;-Cscycloalkyl, optionally substituted aryl, optionally
substituted -(C,-Cjalkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally
substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or R** and R*?
together with the nitrogen atom to which they are attached, form an optionally substituted C,-
Coheterocycloalkyl ring;

R** is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-Cg
cycloalkyl, optionally substituted aryl optionally substituted -(C;-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted
-(C,-Csalkylene)-(heteroaryl),

R”’ and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Csalkyl, optionally substituted Cs3-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); and

R*" and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or
R”" and R*® together with the nitrogen atom to which they are attached, form an optionally
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substituted C,-Coheterocycloalkyl ring; or a pharmaceutically acceptable salt, stereoisomer, or
solvate thereof.
[0031] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIa);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';

each R' is independently selected from the group consisting of hydrogen and C;-Cealkyl;

each R and R' are each independently selected from the group consisting of hydrogen and C,-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis0, 1,2, or 3.

[0032] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIb), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIb);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C;-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;
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each R"” and R" are each independently selected from the group consisting of hydrogen and C;-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis0, 1,2, or 3.

[0033] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIc), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIc);

wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cealkyl, C,-Cghaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';
each R' is independently selected from the group consisting of hydrogen and C;-Cealkyl;
each R and R' are each independently selected from the group consisting of hydrogen and C)-
Cealkyl; or R" and R" together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis0, 1,2, or 3.
[0034] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of
Formula (VIId), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:
=N R4 RS
(R11)n/\c Y F\>6R7
/N __ N-gs
R8
R2 RI
Formula (VIId);
wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cesalkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;
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each R" and R' are each independently selected from the group consisting of hydrogen and C;-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis0, 1,2, or 3.

[0035] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of
Formula (VIle), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

R,

(%N R4 Rog
N AR
/N L N\R3
R8
R2 R1

Formula (VIle);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgsalkyl, C,-Cghaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';

each R is independently selected from the group consisting of hydrogen and C,-Csalkyl;

each R and R' are each independently selected from the group consisting of hydrogen and C)-
Cealkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis 0, 1, or 2.

[0036] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIf), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIf);

wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgalkyl, C,-Cshaloalkyl, C;-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-

Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';
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each R is independently selected from the group consisting of hydrogen and C,-Csalkyl;
each R" and R' are each independently selected from the group consisting of hydrogen and C;-
Cealkyl; or R" and R" together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis 0, 1, or 2.
[0037] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of
Formula (VIIg), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:
R,

N7 /N R? R
\ yZ R7

/N /_ N~R3
R8
R2 R
Formula (VIIg);
wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';
each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;
each R and R' are each independently selected from the group consisting of hydrogen and C,-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis 0, 1, or 2.
[0038] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIh), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIh);

wherein:
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each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;

each R"” and R' are each independently selected from the group consisting of hydrogen and C;-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis 0, 1, or 2.

[0039] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIi), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VII),

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgalkyl, C,-Cshaloalkyl, C;-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';

each R' is independently selected from the group consisting of hydrogen and C;-Cealkyl;

each R and R' are each independently selected from the group consisting of hydrogen and C)-
Cealkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis 0, 1, or 2.

[0040] In some embodiments of a compound of Formula (VII), the FXR modulator is a compound of

Formula (VIIj), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Ns
« SN R4 R5R6
// R7
R™), I
/N L N\R3
R8

re R
Formula (VII));
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wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgsalkyl, C,-Cghaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", and -C(O)N(R")R';
each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;
each R"” and R' are each independently selected from the group consisting of hydrogen and C;-
Cealkyl; or R" and R* together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis 0, 1, or 2.
[0041] In some embodiments of a compound of Formula (VIIa)-(VI]j), nis 0. In some embodiments of
a compound of Formula (VII) or (VIIa)-(VIIj), R® and R are hydrogen. In some embodiments of a
compound of Formula (VII) or (VIIa)-(VIIj), R’ is -C(O)N(R*")R*:. In some embodiments of a
compound of Formula (VII) or (VIIa)-(VIIj), R’ is -C(O)N(R*")R**; R*! is hydrogen and R** is
optionally substituted aryl. In some embodiments of a compound of Formula (VII) or (VIIa)-(VI])),
wherein R? is -C(O)R™. In some embodiments of a compound of Formula (VII) or (VIIa)-(VIIj), R? is
-S(0),R*. In some embodiments of a compound of Formula (VII) or (VIIa)-(VIIj), R? is -C(O)R* or
R’ is -S(0),R* and R™ is optionally substituted aryl.

[0042] In some embodiments, the FXR modulator is a compound of Formula (VIII):

R10 R4 RS

R30
6
RO/ LR /Q
N /_N R,
R8 0]
R2 R?

Formula (VIID);

wherein:

R' is selected from the group consisting of hydrogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted
Cs-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C;-C,alkylene)-(aryl),
optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally

substituted -(C,-Cjalkylene)-(heteroaryl);
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R%: or R' and R? together with the carbon atoms to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring or an optionally substituted heteroaryl ring;

R and R’ are each independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,-Cgalkoxy, optionally substituted C,-Csalkyl, optionally substituted C,-
Cgalkenyl, and optionally substituted C,-Cealkynyl; or R* and R’ together with the carbon atom
to which they are attached, form an optionally substituted C3-Cscycloalkyl ring or an optionally
substituted C,-C-heterocycloalkyl ring;

R® is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cealkynyl, and -C(O)N(R*)R*;

R’ is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C;-Cesalkoxy, optionally substituted C,-Csalkenyl, and optionally
substituted C,-Csalkynyl,

R® is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl,
optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-
Csalkylene)-(aryl), optionally substituted heteroaryl, optionally substituted C,-
Coheterocycloalkyl, and optionally substituted -(C;-C,alkylene)-(heteroaryl);

R’ and R'? together with the carbon atoms to which they are attached, form an optionally
substituted nitrogen containing 6-membered heteroaryl ring;

R*’and R™ are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Csalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl);

R*”and R® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Csalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or
R”" and R*® together with the nitrogen atom to which they are attached, form an optionally

substituted C,-Coheterocycloalkyl ring;
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R32 R33 FI\>34 FI\>34
s N\Rss ;0 N\R35
r t
R*"is halogen, R% R¥  or R32 R¥®

each R is independently halogen, -OH, -CN, -NO,, -NH,, optionally substituted C;-Csalkyl,
optionally substituted C;-Cgalkoxy, optionally substituted C,-Csalkylamine, optionally
substituted C;-Cgcycloalkyl, optionally substituted C,-Csheterocycloalkyl, aryl, or heteroaryl,

each R’ and R* are each independently selected from the group consisting of hydrogen, halogen,
and C;-Cealkyl,

R**and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted Cs;-Cscycloalkyl, and optionally substituted C,-
Csheterocycloalkyl; or R** and R* together with the nitrogen atom to which they are attached,
form an optionally substituted C,-Csheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

pis0,1,2 3 or4;

ris 0, 1, 2, 3, or 4; and

tis 2, 3, or 4; or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof.

[0043] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIIIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIIa);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgalkyl, C,-Cghaloalkyl, C;-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;

each R is independently selected from the group consisting of hydrogen and C,-Csalkyl;

each R"” and R' are each independently selected from the group consisting of hydrogen and C;-
Cealkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
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nis0, 1,2, or 3.
[0044] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIIIb), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

R30

Formula (VIIIb);
wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;
each R' is independently selected from the group consisting of hydrogen and C;-Cealkyl;
each R and R' are each independently selected from the group consisting of hydrogen and C)-
Csalkyl; or R" and R" together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis0, 1,2, or 3.
[0045] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIIIc), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIlIc);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgalkyl, C,-Cghaloalkyl, C;-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;
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each R" and R' are each independently selected from the group consisting of hydrogen and C;-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis0, 1,2, or 3.

[0046] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIIId), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIId);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C;-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;

each R and R' are each independently selected from the group consisting of hydrogen and C)-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis0, 1,2, or 3.

[0047] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIlIe), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIlIe);
wherein:
each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-

Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;
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each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;
each R"” and R' are each independently selected from the group consisting of hydrogen and C;-
Cealkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis 0, 1, or 2.
[0048] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of
Formula (VIIIf), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

R30

Formula (VIIIf),

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C;-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;

each R and R' are each independently selected from the group consisting of hydrogen and C)-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis 0, 1, or 2.

[0049] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIIIg), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

(Rﬁ)
Y //3
{Q <R31>

Formula (VIIIg);

/\N R R

wherein:
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each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;

each R is independently selected from the group consisting of hydrogen and C,-Cgalkyl;

each R" and R' are each independently selected from the group consisting of hydrogen and C;-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis 0, 1, or 2.

[0050] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIIIh), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof:

Formula (VIIIh);

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C;-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;

each R' is independently selected from the group consisting of hydrogen and C;-Cealkyl;

each R and R' are each independently selected from the group consisting of hydrogen and C,-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and

nis 0, 1, or 2.

[0051] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIII), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof’

30

Formula (VII),
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wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C,-Cgsalkyl, C,-Cghaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C;-Cgcycloalkyl, C,-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;
each R is independently selected from the group consisting of hydrogen and C,-Csalkyl;
each R"” and R' are each independently selected from the group consisting of hydrogen and C;-
Cealkyl; or R" and R* together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis 0, 1, or 2.
[0052] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound of

Formula (VIII}), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof’

Formula (VIII));

wherein:

each R" is independently selected from the group consisting of halogen, -CN, amino,
alkylamino, C;-Cealkyl, C,-Cshaloalkyl, C,-Csalkoxy, C;-Cghaloalkoxy, C3-Cscycloalkyl, C;-
Csheterocycloalkyl, aryl, heteroaryl, -C(O)OR", -C(O)N(R)R™;
each R' is independently selected from the group consisting of hydrogen and C;-Cealkyl;
each R and R' are each independently selected from the group consisting of hydrogen and C)-
Csalkyl; or R" and R' together with the nitrogen atom to which they are attached, form an
optionally substituted C,-Coheterocycloalkyl ring; and
nis 0, 1, or 2.
[0053] In some embodiments of a compound of Formula (VIIIa)-(VII]j), n is 0. In some embodiments
of a compound of Formula (VIII) or (VIIIa)-(VIILj), R*® is F. In some embodiments of a compound of
R32 R33 |-|\>34

R N.gs3s
)

Formula (VIII) or (VIIIa)(VII[), R¥is R®2 R¥  nsome embodiments of a compound of
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R34

|
?L;O N*R35
t

Formula (VII) or (VIIIa)-(VII), R*is R%2 R® Iy some embodiments of a compound of
Formula (VIII) or (VIIIa)-(VIIIj), t is 2; and each R** and R** are hydrogen. In some embodiments of a
compound of Formula (VIII) or (VIIIa)-(VIIIj), R** and R*’ together with the nitrogen atom to which
they are attached form a C,-Csheterocycloalkyl ring. In some embodiments of a compound of Formula
(VIID) or (VIIIa)-(VIIL), R** and R* together with the nitrogen atom to which they are attached form a
morpholinyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VII]j), pis 1. In
some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIILj), R*! is halogen. In some
embodiments of a compound of Formula (VIII) or (VIIIa)-(VIIIj), R*! is F. In some embodiments of a
compound of Formula (VIII) or (VIIIa)-(VIIIj), R® and R are hydrogen. In some embodiments of a
compound of Formula (VIII) or (VIIIa)-(VIIIj), R* and R’ are each independently optionally
substituted C,-Cgalkyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIIIj), R*
and R’ are methyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIIIj), R* is -
C(O)OR?™. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIILj), R* is -C(O)OR*
and R* is optionally substituted C,-Csalkyl. In some embodiments of a compound of Formula (VIII)
or (VIIIa)-(VIIIj), R? is -C(O)OR* and R* is methyl. In some embodiments of a compound of
Formula (VIII) or (VIIIa)-(VIIj), R? is -C(O)OR* and R” is ethyl. In some embodiments of a
compound of Formula (VIII) or (VIIIa)-(VIIIj), R? is -C(O)OR*® and R” is isopropyl. In some
embodiments of a compound of Formula (VIII) or (VIIIa)-(VIILj), R* is -C(O)N(R*)R*. In some
embodiments of a compound of Formula (VIII) or (VIIIa)-(VIILj), R is hydrogen or optionally
substituted C,-Cgalkyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIIIj), R
is hydrogen. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIILj), R' is
optionally substituted C;-Cealkyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-
(VIIIj), R' is C,-Cealkyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIIIj), R!
is methyl. In some embodiments of a compound of Formula (VIII) or (VIIIa)-(VIIIj), R® is hydrogen.
[0054] In some embodiments, the FXR modulator is a compound of Formula (XI) or a

pharmaceutically acceptable salt, stereoisomer, or solvate thereof:
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R10
Rg //_\ R4 RS 6
\K \ RRY
A
N N~p3
/ _ R
R8
R2 R1
Formula (XI);

wherein:
R' is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl, optionally
substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-
Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted -
(C,-C,alkylene)-(heteroaryl);
N R25
RN
R’ is selected from the group consisting of -CN, -C(O)OR*’, -C(O)N(R*)R*, o-N ,
R25 N~
NQ( 7 N
- |
W =L

, and R%: or R' and R? together with the carbon atoms to which they are
attached, form an optionally substituted C,-Coheterocycloalkyl ring or an optionally substituted
heteroaryl ring;

R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-
Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-C,alkylene)-(aryl), optionally
substituted heteroaryl, optionally substituted C,-Coheterocycloalkyl, optionally substituted -(C;-
C,alkylene)-(heteroaryl), -C(O)R>, -C(O)OR?, -S(0),R™, -C(O)N(R*")R*, -C(O)N(R*")S(0),R*,
-C(ONRPNRHR?, -C(O)NRP)N(R*HS(0),R*, -N(R®)C(O)RY, -N(R*)C(O)N(R*HR*,
NR?)C(ONR?HS(0),R*, -NR**)C(ONR®INR*HRZ, -NR*)C(O)NR?)N(R?")S(0),R*,
N(R*)C(0)ORY, -P(O)OR?, and -P(O)(OR'”)OR™;

R* and R’ are each independently selected from the group consisting of hydrogen, halogen,
optionally substituted C,-Cgalkyl, optionally substituted C,-Cgalkoxy, optionally substituted C,-
Csalkenyl, and optionally substituted C,-Cealkynyl; or R* and R’ together with the carbon atom to
which they are attached, form an optionally substituted C3-Cscycloalkyl ring or an optionally

substituted C,-C;heterocycloalkyl ring;
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R® is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,-Csalkenyl, optionally substituted C,-Cealkynyl, and -C(O)N(R*)R*;

R’ is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C;-Cgalkoxy, optionally substituted C,-Csalkenyl, and optionally substituted
C,-Cealkynyl,

R® is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl, optionally
substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-C,alkylene)-
(aryl), optionally substituted heteroaryl, optionally substituted C,-Coheterocycloalkyl, and
optionally substituted -(C,-C,alkylene)-(heteroaryl);

R’ and R'? are each independently selected from the group consisting of hydrogen, halogen, -CN,
amino, alkylamino, optionally substituted C,-Cgalkyl, optionally substituted C,-Csalkoxy,
optionally substituted C;-Cgcycloalkyl, optionally substituted C,-Csheterocycloalkyl, optionally
substituted aryl, and optionally substituted heteroaryl,

R R, and R* are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl,
optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-
Csalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl,
and optionally substituted -(C;-C,alkylene)-(heteroaryl);

R*!and R** are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl,
optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-
Csalkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl,
and optionally substituted -(C,-C,alkylene)-(heteroaryl); or R*' and R* together with the nitrogen
atom to which they are attached, form an optionally substituted C,-Coheterocycloalkyl ring;

R** is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally substituted
C,-Cealkenyl, optionally substituted C,-Cealkynyl, optionally substituted C;-Cs cycloalkyl,
optionally substituted aryl optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-
Csheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-
(heteroaryl);

R”’ and R*® are each independently selected from the group consisting of hydrogen, optionally

substituted C;-Cgalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
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optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); and
R*" and R*® are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted Cs-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or R*’
and R*® together with the nitrogen atom to which they are attached, form an optionally substituted
C,-Coheterocycloalkyl ring,
[0055] In some embodiments, the FXR modulator is a compound of Formula (XII), or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof’
R10
Rg\f:\:\ R R%e

\(N R7
N / N~ R3
/ p—
R8
R2 R1
Formula (XII);

wherein:

R' is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl, optionally
substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-
Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-C,alkylene)-(aryl), optionally
substituted C,-Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted -
(C1-Cyalkylene)-(heteroaryl);

R25

N
_§ 2 \|(
R’ is selected from the group consisting of -CN, -C(O)OR*’, -C(O)N(R*)R*, o-N ,
R25 N-
N N
S N
N~ , and o R%: or R' and R? together with the carbon atoms to which they are
attached, form an optionally substituted C,-Cyheterocycloalkyl ring or an optionally substituted
heteroaryl ring;
R’ is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl, optionally
substituted C,-Csalkenyl, optionally substituted C,-Cgalkynyl, optionally substituted Cs-

Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-C,alkylene)-(aryl), optionally
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substituted heteroaryl, optionally substituted C,-Coheterocycloalkyl, optionally substituted -(C;-
Caalkylene)-(heteroaryl), -C(O)R>, -C(O)OR?, -S(0),R™, -C(O)N(R*")R*, -C(O)N(R*")S(0),R*,
-C(ONRP)NRHR?, -C(O)NRP)NR?HS(0),R*, -N(R®)C(O)RY, -N(RZ)C(O)N(R*HR*,
NR?)C(ONR?HS(0),R*, -NR**)C(ONR®INR*HRZ, -NR*)C(O)NR?)N(R?")S(0),R*,
N(R*)C(0)ORY, -P(O)OR?, and -P(O)(OR'”)OR™;

R* and R’ are each independently selected from the group consisting of hydrogen, halogen,
optionally substituted C;-Cgalkyl, optionally substituted C,-Cgalkoxy, optionally substituted C,-
Csalkenyl, and optionally substituted C,-Cgalkynyl; or R* and R’ together with the carbon atom to
which they are attached, form an optionally substituted C3-Cscycloalkyl ring or an optionally
substituted C,-C-heterocycloalkyl ring;

R® is selected from the group consisting of hydrogen, halogen, optionally substituted C,-Cgalkyl,
optionally substituted C,-Cgalkenyl, optionally substituted C,-Cgalkynyl, and -C(O)N(R*)R*;

R’ is selected from the group consisting of hydrogen, halogen, optionally substituted C;-Cealkyl,
optionally substituted C,;-Cgalkoxy, optionally substituted C,-Csalkenyl, and optionally substituted
C,-Cgalkynyl,

R® is selected from the group consisting of hydrogen, optionally substituted C,-Csalkyl, optionally
substituted C3-Cscycloalkyl, optionally substituted aryl, optionally substituted -(C,-Cyalkylene)-
(aryl), optionally substituted heteroaryl, optionally substituted C,-Coheterocycloalkyl, and
optionally substituted -(C,-C,alkylene)-(heteroaryl);

R’ and R'? are each independently selected from the group consisting of hydrogen, halogen, -CN,
amino, alkylamino, optionally substituted C;-Cealkyl, optionally substituted C,-Csalkoxy,
optionally substituted C3-Cscycloalkyl, optionally substituted C,-Coheterocycloalkyl, optionally
substituted aryl, and optionally substituted heteroaryl,

R"Y R, and R* are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-Csalkynyl,
optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally substituted heteroaryl,
and optionally substituted -(C;-C,alkylene)-(heteroaryl);

R*'and R** are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Csalkyl, optionally substituted C,-Csalkenyl, optionally substituted C,-Csalkynyl,
optionally substituted C;-Cgcycloalkyl, optionally substituted aryl, optionally substituted -(C,-
C,alkylene)-(aryl), optionally substituted C,-Csheterocycloalkyl, optionally substituted heteroaryl,
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and optionally substituted -(C,-Calkylene)-(heteroaryl); or R*' and R* together with the nitrogen
atom to which they are attached, form an optionally substituted C,-Coheterocycloalkyl ring;

R** is selected from the group consisting of optionally substituted C,-Cgalkyl, optionally substituted
C,-Cealkenyl, optionally substituted C,-Cgalkynyl, optionally substituted C;-Cg cycloalkyl,
optionally substituted aryl optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-
Coheterocycloalkyl, optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-
(heteroaryl);

R*’and R™ are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); and

R*”and R™ are each independently selected from the group consisting of hydrogen, optionally
substituted C,;-Csalkyl, optionally substituted Cs;-Cscycloalkyl, optionally substituted aryl,
optionally substituted -(C,-C,alkylene)-(aryl), optionally substituted C,-Coheterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted -(C,-C,alkylene)-(heteroaryl); or R*’
and R*® together with the nitrogen atom to which they are attached, form an optionally substituted
C,-Coheterocycloalkyl ring,

[0056] In some embodiments of a compound of Formula (XI) or (XII), or a pharmaceutically
acceptable salt, stereoisomer, or solvate thereof, R* and R’ are hydrogen. In some embodiments of a
compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate
thereof, R* and R’ are C,-Cgalkyl. In some embodiments of a compound of Formula (XI) or (XII), or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R* and R’ are methyl. In some
embodiments of a compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt,
stereoisomer, or solvate thereof, R® and R are hydrogen. In some embodiments of a compound of
Formula (XI) or (XII) R® is -C(O)N(R*")R* and R are hydrogen. In some embodiments of a
compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate
thereof, R? is -C(O)OR™. In some embodiments of a compound of Formula (XI) or (XII), or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R* is -C(O)OR** and R” is
optionally substituted C;-Cgalkyl. In some embodiments of a compound of Formula (XI) or (XII), or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R” is -C(O)OR* and R* is methyl.
In some embodiments of a compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt,
stereoisomer, or solvate thereof, R? is -C(O)OR*® and R* is ethyl. In some embodiments of a
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compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate
thereof, R? is -C(O)OR*® and R is isopropyl. In some embodiments of a compound of Formula (XI)
or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R* is -C(O)N(R**)R*.
In some embodiments of a compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt,
stereoisomer, or solvate thereof, R' is hydrogen. In some embodiments of a compound of Formula
(XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R' is optionally
substituted C;-Cgalkyl. In some embodiments of a compound of Formula (XI) or (XII), or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R'is -CH;. In some embodiments
of a compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate
thereof, R* is -C(O)N(R*")R**. In some embodiments of a compound of Formula (XI) or (XII), or a
pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R is -C(O)N(R*")R*, R*! is
hydrogen, and R** is optionally substituted aryl. In some embodiments of a compound of Formula
(XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R® is -C(O)R™.
In some embodiments of a compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt,
stereoisomer, or solvate thereof, R? is -C(O)R*® and R* is optionally substituted aryl. In some
embodiments of a compound of Formula (XI) or (XII), or a pharmaceutically acceptable salt,
stereoisomer, or solvate thereof, R? is -S(0),R*. In some embodiments of a compound of Formula
(XI) or (XII), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R? is -S(0),R*
and R*® is optionally substituted aryl.

[0057] In some embodiments of a compound of Formula (VIII), the FXR modulator is a compound
of Formula (VIIIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof, or a
compound of Formula (XII), the FXR modulator is a compound of Formula (XIIa), or a

pharmaceutically acceptable salt, stereoisomer, or solvate thereof’

R10
R30
RO \ R RR
N Rr1/ }
=
\(R31) R31)
R1
Formula (XIa); Formula (XIla);

wherein:
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R32 R33 R34 R34
| |
Ry Nigas 0L N gss
r t
R*is halogen, R¥ R®¥® o R%2 R¥®

each R*' is independently halogen, -OH, -CN, -NO,, -NH,, optionally substituted C;-Csalkyl,
optionally substituted C;-Csalkoxy, optionally substituted C,-Csalkylamine, optionally
substituted C;-Cgcycloalkyl, optionally substituted C,-Cyheterocycloalkyl, aryl, or heteroaryl;

each R’>and R* are each independently selected from the group consisting of hydrogen, halogen,
and C,-Cqalkyl,

R* and R* are each independently selected from the group consisting of hydrogen, optionally
substituted C;-Cgalkyl, optionally substituted C;-Cgscycloalkyl, and optionally substituted C,-
Csheterocycloalkyl; or R** and R* together with the nitrogen atom to which they are attached,
form an optionally substituted C,-Csheterocycloalkyl ring;

pis0,1,2 3 or4;

ris0, 1,2, 3, or 4; and

tis 2, 3, or 4.

[0058] In some embodiments of a compound of Formula (XIa) or (XIIa), or a pharmaceutically

acceptable salt, stereoisomer, or solvate thereof, R*is halogen. In some embodiments of a compound

of Formula (XIa) or (XIIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate thereof, R*°

is F. In some some embodiments of a compound of Formula (XIa) or (XIIa), or a pharmaceutically
R32 R33 R34

ny N\R35
]

acceptable salt, stereoisomer, or solvate thereof, R¥is RZ R® 15 50me embodiments of a

compound of Formula (XIa) or (XIIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate

R34
|
20 N*R35
t
thereof, R®is  R32 R®  1n some embodiments of a compound of Formula (XIa) or (XIIa), or a

pharmaceutically acceptable salt, stereoisomer, or solvate thereof, t is 2. In some embodiments of a
compound of Formula (XIa) or (XIIa), or a pharmaceutically acceptable salt, stereoisomer, or solvate
thereof, p is 0. In some embodiments of a compound of Formula (XIa) or (XIIa), or a

pharmaceutically acceptable salt, stereoisomer, or solvate thereof, p is 1. In some embodiments of a
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compound of some embodiments of a compound of Formula (XIa) or (XIIa), or a pharmaceutically
acceptable salt, stereoisomer, or solvate thereof, R*isF.

[0059] In an aspect of the invention, are FXR modulatators, and pharmaceutical compositions that
include such FXR modulatators, for use in the treatment of diseases, disorders or conditions that would
benefit from FXR modulation. In one aspect is the administration of an FXR modulator described
herein to a mammal in the treatment of diseases, disorders or conditions that would benefit from FXR
modulation. In some embodiments is the administration of an FXR modulator described herein to a
mammal in the treatment of diseases, disorders or conditions that would benefit from FXR modulation,
wherein the FXR modulator is (E)-6-(3,4-difluorobenzoyl)-N-isopropyl-4,4-dimethyl-3-
(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[3,4-d]Jazepine-8-carboxamide (Compound 1), (E)-
isopropyl 4,4-dimethyl-6-(4-(2-morpholinoethoxy)benzoyl)-3-(trifluoromethyl)-1,4,5,6-
tetrahydropyrazolo[3,4-d]azepine-8-carboxylate (Compound 2), or (E)-isopropyl 6-(3-fluoro-4-(2-
morpholinoethoxy)benzoyl)-4,4-dimethyl-3-(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[3,4-
dJazepine-8-carboxylate (Compound 3), or a pharmaceutically acceptable salt thereof.

[0060] In an aspect of the invention, are methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) a second agent that is a DPP-IV inhibitor selected from
sitagliptin, saxagliptin, linagliptin, alogliptin, vildagliptin, gemigliptin, anagliptin, teneligliptin,
trelagliptin, dutogliptin, and omarigliptin.

[0061] In an aspect of the invention, are methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) a second agent that is an SGLT2 inhibitor selected from
canagliflozin, empagliflozin, dapagliflozin, ipragliflozin, tofogliflozin, sergliflozin etabonate,
remogliflozin etabonate, and ertugliflozin.

[0062] In an aspect of the invention, is a method of treating a metabolic disorder in a subject in need
thereof, comprising administering to the subject in need thereof an effective dose of (E)-6-(3,4-
difluorobenzoyl)-N-isopropyl-4,4-dimethyl-3-(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[ 3,4-
dJazepine-8-carboxamide (Compound 1), (E)-isopropyl 4,4-dimethyl-6-(4-(2-
morpholinoethoxy)benzoyl)-3-(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[ 3,4-d]azepine-8-
carboxylate (Compound 2), or (E)-isopropyl 6-(3-fluoro-4-(2-morpholinoethoxy)benzoyl)-4,4-
dimethyl-3-(trifluoromethyl)-1,4,5 6-tetrahydropyrazolo[3,4-d]azepine-8-carboxylate (Compound 3),
or a pharmaceutically acceptable salt thereof.
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[0063] In an aspect of the invention, are methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) a second agent that is an ASK1 inhibitor selected from
(GS-4997 (selonsertib) (5-(4-cyclopropyl-1H-imidazol-1-yl)-2-fluoro-N-(6-(4-isopropyl-4H-1,2 4-
triazol-3-yl)pyridin-2-yl)-4-methylbenzamide), NQDI-1 (ethyl 2,7-dioxo-3,7-dihydro-2H-
naphtho[1,2,3-de]quinoline-1-carboxylate), ML365 (2-methoxy-N-[3-[(3-
methylbenzoyl)amino]phenyl]benzamide), MSC 2032964 A (N-[5-(cyclopropylamino)-7-
(trifluoromethyl)[ 1,2,4]triazolo[ 1,5-a]pyridin-2-yl]-3-pyridinecarboxamide), and TC ASK 10 (4-(1,1-
dimethylethyl)-N-[6-(1H-imidazol-1-yl)imidazo[1,2-a]pyridin-2-yl]benzamide dihydrochloride).
[0064] In an aspect of the invention, are methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) a second agent that is a GLP-1 agonist selected from
exenatide, liraglutide, lixisenatide, albiglutide, dulaglutide, taspoglutide, and semaglutide.
[0065] In an aspect of the invention, are methods of treating a metabolic disorder in an individual in
need thereof, comprising co-administering to the individual a therapeutically effective amount of: (a) a
first agent that is an FXR modulator; and (b) at least one second agent that is a DPP-IV inhibitor, an
SGLT2 inhibitor, an ASK1 inhibitor, a GLP-1 agonist, or a combination thereof, wherein the
metabolic disorder is nonalcoholic steatohepatitis (NASH), hyperlipidemia, hypercholesterolemia,
hypertriglyceridemia, dyslipidemia, lipodystrophy, atherosclerosis, atherosclerotic disease,
atherosclerotic disease events, atherosclerotic cardiovascular disease, Syndrome X, diabetes mellitus,
type II diabetes, insulin insensitivity, hyperglycemia, cholestasis, obesity, diabetic nephropathy or
nephrotic syndrome. In some embodiments, the metabolic disorder is nonalcoholic steatohepatitis
(NASH).
[0066] In some embodiments is a method of treating a metabolic disorder in a subject in need thereof,
comprising administering to the subject in need thereof an effective dose of (E)-6-(3,4-
difluorobenzoyl)-N-isopropyl-4,4-dimethyl-3-(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[ 3,4-
dJazepine-8-carboxamide (Compound 1), (E)-isopropyl 4,4-dimethyl-6-(4-(2-
morpholinoethoxy)benzoyl)-3-(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[ 3,4-d]azepine-8-
carboxylate (Compound 2), or (E)-isopropyl 6-(3-fluoro-4-(2-morpholinoethoxy)benzoyl)-4,4-
dimethyl-3-(trifluoromethyl)-1,4,5 6-tetrahydropyrazolo[3,4-d]azepine-8-carboxylate (Compound 3),
or a pharmaceutically acceptable salt thereof, wherein the metabolic disorder is nonalcoholic
steatohepatitis (NASH), hyperlipidemia, hypercholesterolemia, hypertriglyceridemia, dyslipidemia,
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lipodystrophy, atherosclerosis, atherosclerotic disease, atherosclerotic disease events, atherosclerotic
cardiovascular disease, Syndrome X, diabetes mellitus, type II diabetes, insulin insensitivity,

hyperglycemia, cholestasis, or obesity.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0067] All publications, patents, and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

DETAILED DESCRIPTION OF THE INVENTION
[0068] The present application relates to FXR modulatators, and pharmaceutical compositions that
include such FXR modulatators, for use in the treatment of diseases, disorders or conditions that would
benefit from FXR modulation. In one aspect is the administration of an FXR modulator described
herein to a mammal in the treatment of diseases, disorders or conditions that would benefit from FXR
modulation. In some embodiments is the administration of an FXR modulator described herein to a
mammal in the treatment of diseases, disorders or conditions that would benefit from FXR modulation,
wherein the FXR modulator is (E)-6-(3,4-difluorobenzoyl)-N-isopropyl-4,4-dimethyl-3-
(trifluoromethyl)-1,4,5,6-tetrahydropyrazolo[3,4-d]Jazepine-8-carboxamide (Compound 1), (E)-
isopropyl 4,4-dimethyl-6-(4-(2-morpholinoethoxy)benzoyl)-3-(trifluoromethyl)-1,4,5,6-
tetrahydropyrazolo[3,4-d]azepine-8-carboxylate (Compound 2), or (E)-isopropyl 6-(3-fluoro-4-(2-
morpholinoethoxy)benzoyl)-4,4-dimethyl-3-(trifluoromethyl)-1,4,5 6-tetrahydropyrazolo[ 3,4-
dJazepine-8-carboxylate (Compound 3), or a pharmaceutically acceptable salt thereof.
[0069] Disclosed herein, are methods of treating a metabolic disorder in an individual in need thereof,
comprising co-administering to the individual a therapeutically effective amount of: (a) a first agent
that 1s an FXR modulator; and (b) at least one second agent that is a DPP-IV inhibitor, an SGLT2
inhibitor, an ASK1 inhibitor, a GLP-1 agonist, or a combination thereof.
FXR Biology
[0070] The Farnesoid X receptor (FXR; also referred to as NR1H4; nuclear receptor nomenclature
committee 1999) is a member of the steroid and thyroid hormone nuclear receptor superfamily of
ligand regulated transcription factors. FXR is highly expressed in the liver, kidney, intestines and the
adrenals and at lower levels in the vasculature (Forman et al., Cell 1995, 81(5):687-93). Bile acids, the
end-products of cholesterol catabolism, bind directly to the ligand binding pocket of FXR and act as

agonists to increase the receptor’s ability to activate transcription (Makishima et al., Science 1999,
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284(5418):1362-5 1999; Mi et al., Mol Cell 2003, 11(4):1093-100; Parks et al., Science 1999,
284(5418):1365-8; Wang et al., Mol Cell 1999, 3(5):543-53). In response to bile acid binding FXR
regulates a network of genes that control the synthesis, transport, and catabolism of bile acids, but also
triglycerides and cholesterol (Chawla et al., Cell 2000, 103(1):1-4; Repa and Mangelsdorf, Annu Rev
Cell Dev Biol 2000, 16:459-81). Thus FXR functions as a regulator of lipid metabolism by modifying
gene expression in response to quantitative changes in the metabolism and breakdown of cholesterol.
In support of this conclusion, studies in humans and in animals have demonstrated that modifying bile
acid levels can have profound effects on plasma triglyceride and cholesterol levels (Angelin et al., J
Lipid Res 1978, 19(8):1017-24; Bateson et al., Br J Clin Pharmacol 1978, 5(3):249-54; Iser and Sali,
Drugs 1981, 21(2):90-119; Kuroki et al., Lipids 1999, 34(8):817-23).

[0071] FXR was originally cloned and classified as an orphan member of the nuclear hormone
receptor superfamily based upon DNA sequence homology. Initial studies identified farnesol as a
ligand for FXR (Forman et al., Cell 1995, 81(5):687-93), however, subsequent analysis demonstrated
that bile acids bind directly to the ligand binding domain of FXR and function as activators of the
receptor’s transcriptional activity. The binding affinities of bile acids for FXR is near the concentration
that these compounds reach in animals (uM) lending support to the idea that bile acids function as
endogenous ligands in vivo (Makishima et al., Science 1999, 284(5418):1362-5 1999; Mi et al., Mol
Cell 2003, 11(4):1093-100; Parks et al., Science 1999, 284(5418):1365-8; Wang et al., Mol Cell 1999,
3(5):543-53). Activation of FXR upon bile acid binding leads to transcriptional down-regulation of
cholesterol 7a-hydroxylase (CYP7A1), the rate limiting enzyme in the conversion of cholesterol to bile
acids. Inhibition of CYP7AT1 by bile acids occurs via FXR-dependent induction of the small
heterodimeric partner (SHP; also referred to as NROB2, Nuclear Receptor Nomenclature Committee
1999), a transcriptional repressor. Binding sites for FXR have been identified in the SHP promoter
indicating that this gene is a direct target of FXR (Lu et al., Mol Cell 2000, 6(3):507-15; Goodwin et
al., Mol Cell 2000, 6(3):517-26). Thus bile acid-dependent repression of CYP7A1 is indirect and
results from a transcriptional cascade initiated by FXR. A similar SHP-dependent mechanism has been
described for the bile acid repression of another gene involved in bile acid synthesis, CYP8BI (sterol
120 hydroxylase; Yang et al., Biochim Biophys Acta 2002, 1583(1):63-73), and for the
sodium/taurocholate cotransporter peptide (NTCP) which is one of two major transporters responsible
for bile acid up-take by the liver (Denson et al., Gastroenterology 2001;121(1):140-7). In contrast the
genes encoding the bile salt export pump (BSEP) and the multidrug resistance protein 2 (MDR?2) are
directly induced by FXR, once again via binding sites in their respective promoter regions
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(Ananthanarayanan et al., J Biol Chem 2001, 276(31):28857-65; Huang et al., J Biol Chem 2003,
278(51):51085-90; Liu et al., J Clin Invest 2003, 112(11):1678-87). These two transporters are
required for the transfer of bile acids (BSEP) and phospholipids (MDR?2) out of the hepatocytes into
the biliary system. This pattern of FXR-dependent gene expression defines a classic feedback loop
where high levels of bile acids inhibit new bile acid synthesis and bile acid uptake while
simultaneously promoting their own clearance.

[0072] The regulation of bile acid synthesis and transport by FXR has important implications for
cholesterol metabolism. Repression of CYP7A1 and CYP8BI1 impacts the bile acid synthetic pathway
at two important points. First, inhibition of CYP7AI, the rate limiting enzyme, can decrease synthesis
and reduce the size of the bile acid pool. Second, inhibition of CYP8BI alters bile acid composition by
favoring the production of more hydrophilic bile acids such as CDCA (muricholic acid/MCA in mice)
(Russell, Annu Rev Biochem 2003, 72:137-74). Importantly, studies in mice have demonstrated that
the more hydrophilic bile acids are less efficient at promoting intestinal cholesterol absorption (Wang
et al., Am J Physiol Gastrointest Liver Physiol 2003, 285(3):G494-502).

[0073] Although regulating bile acid synthesis may contribute to the FXR-dependent effects on lipid
metabolism, gene expression analysis indicates that FXR also directly influences triglyceride synthesis
and VLDL production. FXR agonists induce the genes encoding fibroblast growth factor 19 (Holt et
al., Genes Dev 2003, 17(13):1581-91), acylation stimulating protein (a proteolytic product of
complement C3; Li et al., J Biol Chem 2005, 280(9):7427-34), apolipoprotein CII (Kast et al., Mol
Endocrinol 2001, 15(10):1720-8), and apolipoprotein AV (Prieur et al., J Biol Chem 2003,
278(28):25468-80) all of which are known to promote the clearance and oxidation of fat carried by
triglyceride rich lipoproteins. Additionally FXR inhibits expression of the genes encoding
apolipoprotein CIII (Claudel et al., Gastroenterology 2003, 125(2):544-55), an inhibitor of lipoprotein
lipase, and the sterol response element binding protein 1c (SREBP1c; Watanabe et al., J Clin Invest
2004, 113(10):1408-18). SREBP1c, a member of basic helix-loop-helix family of transcription factors,
functions as a master transcriptional regulator of the enzymes required for fatty acid synthesis
(Osborne, J Biol Chem 2000, 275(42):32379-82). Taken together the genetic network controlled by
FXR defines a signal transduction system poised to respond to changes in fat and carbohydrate dietary
intake-driven lipid homeostasis. High levels of cholesterol in the liver will lead to increased production
of bile acids and subsequent activation of FXR. In response to this activating signal FXR decreases the
absorption of cholesterol in the intestine, favoring excretion, increases the clearance and oxidation of
triglycerides and decreases the synthesis of fatty acids leading to a reduction in VLDL production.
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[0074] The ability of FXR to regulate bile-acid synthesis, clearance and homeostasis as supported by
the ability of FXR ligands to promote the transport of bile acid and phospholipids out of the liver
suggests a utility for such compounds in diseases of disturbed bile acid and cholesterol flow such as
Primary Biliary cirrhosis and NASH. In this regard FXR agonists have been shown to be effective in
animal models of cholestasis, gallstones, and liver fibrosis (Liu et al., J Clin Invest 2003,
112(11):1678-87; Fiorocci et al., Gastroenterology 2004, 127(5):1497-512; Fiorocci et al., J Pharmacol
Exp Ther 2005, 313(2):604-12; Fiorocci et al., J Pharmacol Exp Ther 2005, 314(2):584-95).

DPP-1V Biology

[0075] Dipeptidyl peptidase-IV (DPP-IV) is a serine protease, which selectively cleaves the N-
terminal dipeptide from the penultimate position of Glucose-dependent Insulinotropic Polypeptide
(GIP) and Glucagon-Like Peptide (GLP-1) thus making them inactive (Diabetes Obes Metab., 10, 376-
387, 2008; Diabetes Care, 30, 1979-1987, 2007). GLP-1 is an incretin hormone secreted by intestinal
L-Cells in response to food intake. The active GLP-1 stimulates insulin secretion, inhibits glucagon
release and slows gastric emptying, which together contributes for effective glucose homeostasis in
patients with type 2 diabetes. Inhibition of DPP-IV activity extends the duration of action of
endogenous GLP-1, thereby exhibiting all the favorable attributes of GLP-1 (Lancet, 368, 1696-1705,
2006; Horm Metab Res., 36 (11-12), 867-76, 2004). DPP-1V inhibitors offer a number of potential
advantages over existing diabetes therapies, including a lowered risk of hypoglycemia, weight gain and
the potential for regeneration and differentiation of pancreatic beta -cells (Handbook Exp Pharmacol.,
203, 53-74, 2011, Curr Med Res Opin., 23(4), 919-31, 2007). Because of these multiple benefits of
GLP-1 mediated glucose homeostasis, orally bioavailable DPP-IV inhibitors has been developed as
promising therapeutic agents for the treatment of type 2 diabetes (Am. J. Ther., 15(5), 484-91, 2008).
The therapeutic potential of DPP-IV inhibitors for the treatment of type 2 diabetes have been discussed
and reviewed extensively (Exp. Opin. Invest. Drugs, 12, 87-100, 2003; Exp. Opin. Ther. Patents, 13,
499-510, 2003; Exp. Opin. Investig. Drugs, 13, 1091-1102, 2004; Curr. Opin. Drug Discovery
Development, 11, 512-532, 2008 and Trends in Molecular Medicine, 14, 161-168, 2008).

SGLT?2 Biology

[0076] Sodium-dependent glucose cotransporters (SGLTs) couple the transport of glucose against a
concentration gradient with the simultaneous transport of Na+ down a concentration gradient. Two
important SGLT isoforms have been cloned and identified as SGLT1 and SGLT2. SGLT]1 is located in
the gut, kidney, and heart where its expression regulates cardiac glucose transport. SGLT1 is a high-
affinity, low-capacity transporter and therefore accounts for only a small fraction of renal glucose
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reabsorption. In contrast, SGLT2 is a low-affinity, high-capacity transporter located exclusively at the
apical domain of the epithelial cells in the early proximal convoluted tubule. In healthy individuals,
greater than 99% of the plasma glucose that filtered in the kidney glomerulus is reabsorbed, resulting
in less than 1% of the total filtered glucose being excreted in urine. It is estimated that 90% of renal
glucose reabsorption is facilitated by SGLT2; the remaining 10% is likely mediated by SGLT1 in the
late proximal straight tubule. Genetic mutations in SGLT2 lead to increased renal glucose excretion of
as much as 140 g/day depending on the mutation with no apparent adverse effects on carbohydrate
metabolism. Since SGLT2 appears to be responsible for the majority of renal glucose reabsorption
based on human mutation studies, it has become a target of therapeutic interest (Lee, J. ef al. Bioorg.
Med. Chem. 2010, 18, 2178-2194; Van den Heuvel, L. P. ez a/. Hum. Genet. 2020, 111, 544-547).
ASK1 Biology

[0077] Mitogen-activated protein kinase (MAPK) signaling cascades couple diverse extracellular and
intracellular queues to appropriate cellular stress responses, including cell growth, differentiation,
inflammation, and apoptosis (Kumar, S., ez a/. (2003) Nat. Rev. Drug Dis. 2:717-726; Pimienta, G., et
al. (2007) Cell Cycle, 6: 2826-2632). MAPKSs exist in three groups, MAP3Ks, MAP2Ks, and MAPKs,
which are sequentially activated. MAPK3s directly respond to environmental signals and
phosphorylate MAP2KSs, which in turn phosphorylate specific MAPKs. MAPKSs then mediated the
appropriate cellular response by phosphorylating cellular substrates, including transcription factors that
regulate gene expression. Apoptosis signal-regulating kinase 1 (ASK1) is a member of the mitogen-
activated protein kinase kinase kinase ("MAP3K") family that activates the c-Jun N-terminal protein
kinase ("JNK") and p38 MAP kinase (Ichijo, H., et al. (1997) Science, 275, 90-94). ASK1 is activated
by a variety of stimuli including oxidative stress, reactive oxygen species (ROS), LPS, TNF-alpha ,
FasL, ER stress, and increased intracellular calcium concentrations (Hattori, K., ef al. (2009) Cell
Comm. Signal. 7:1-10; Takeda, K., ef al. (2007) Annu. Rev. Pharmacol. Toxicol. 48: 1-8.27; Nagai,
H,, et al. (2007) J. Biochem. Mol. Biol. 40:1-6). ASK1 undergoes activation via autophosphorylation
at Thr838 in response to these signals and in turn phosphorylates MAP2Ks, such as MKK3/6 and
MKK4/7, which then phosphorylate and activate p38 and JNK MAPKSs, respectively. ASK2 is a
related MAP3K that shares 45% sequence homology with ASK1 (Wang, X. S., et al. (1998) Biochem.
Biophys. Res. Commun. 253, 33-37. Although ASK2 tissue distribution is restricted, in some cell types
ASK1 and ASK2 have been reported to interact and function together in a protein complex (Takeda,
K., et al (2007) J. Biol. Chem. 282: 7522-7531; Iriyama, T., et al. (2009) Embo J. 28: 843-853) In non
stressed conditions, ASK1 is kept in an inactive state through binding to its repressor Thioredoxin
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(Trx) (Saitoh, M., ef al. (1998) Embo J. 17:2596-2606), and through association with AKT (Zhang, L.,
etal. (1999) Proc. Natl. Acad. Sci. U.S.A 96:8511-8515). Phosphorylation of ASK1 protein can lead to
apoptosis or other cellular responses depending on the cell type. ASK1 activation and signaling have
been reported to play an important role in a broad range of diseases including neurodegenerative,
cardiovascular, inflammatory, autoimmunity, and metabolic disorders. In addition, ASK1 has been
implicated in mediating organ damage following ischemia and reperfusion of the heart, brain, and
kidney (Watanabe ef al. (2005) BBRC 333, 562-567; Zhang ef al., (2003) Life Sci 74-37-43; Terada et
al. (2007) BBRC 364: 1043-49). Emerging evidence suggests that ASK?2, either alone or in a complex
with ASK1, may play important roles in human diseases as well. Therefore, therapeutic agents that
function as inhibitors of ASK1 and ASK2 signaling complexes have the potential to remedy or
improve the lives of patients suffering from such conditions.

GLP-1 Biology

[0078] Glucagon and GLP-1 are members of structurally related peptide hormone family (secretin
family). Glucagon and GLP-1 constitute a highly homologous set of peptides because these two
hormones originate from a common precursor, preproglucagon, which upon tissue-specific processing
leads to production of GLP-1 predominantly in the intestine and glucagon in the pancreas (Jiang, G., et
al., Am. J. Physiol. Endocrinol. Metab., 2003, 284, E671-678). The receptors for these two peptides are
homologous (58% identity) and belong to the class B family of G-protein coupled receptors (GPCRs).
Class-B GPCRS is also called as the secretin receptor family, which consist of 15 peptide-binding
receptors in humans. GPCR receptors comprise an extracellular N-terminal domain of 100-160
residues, connected to a juxtamembrane domain (J-domain) of seven membrane-spanning co-helices
with intervening loops and a C-terminal tail (Brubaker, P. L., et al., Receptors Channels, 2002, 8, 179).
Class B GPCRs are activated by endogenous peptide ligands of intermediate size, typically 30-40
amino acids (Hoare, S. R. J., Drug Discovery Today, 2005, 10, 423; Gether, U., Endocrine Reviews,
2000, 21, 90).

[0079] Glucagon is a 29-amino acid peptide hormone processed from proglucagon in pancreatic alpha
-cells by PC2. Glucagon acts via a seven transmembrane GPCRs, consisting of 485 amino acids.
Glucagon is released into the bloodstream when circulating glucose is low. The main physiological
role of glucagon is to stimulate hepatic glucose output, thereby leading to increase in glycemia (Tan,
K., et al,, Diabetologia, 1985, 28, 435). Glucagon provides the major counter regulatory mechanism for
insulin in maintaining glucose homeostasis in vivo. Glucagon and its receptor represent potential
targets for the treatment of diabetes. Antagonising glucagon action by blocking the action of the
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secreted glucagon at glucagon receptor (glucagon antagonist) or by inhibiting (suppressing) the
glucagon production itself represents a new avenue for intervention of diabetes and metabolic
disorders (Unson, C. G., et al., Peptides, 1989, 10, 1171; Parker, J. C., Diabetes, 2000, 49, 2079;
Johnson, D. G, Science, 1982, 215, 1115).
[0080] The GLP-1 (7-36) amide is a product of the preproglucagon gene, which is secreted from
intestinal L-cells, in response to the ingestion of food. The physiological action of GLP-1 has gained
considerable interest. GLP-1 exerts multiple actions by stimulating insulin secretion from pancreatic
beta -cells, in a glucose dependent manner (insulinotropic action). GLP-1 lowers circulating plasma
glucagon concentration, by inhibiting its secretion (production) from alpha -cells (Drucker D. J,
Endocrinology, 2001, 142, 521-527). GLP-1 also exhibits properties like stimulation of beta -cell
growth, appetite suppression, delayed gastric emptying and stimulation of insulin sensitivity (Nauck,
M. A, Horm. Metab. Res., 2004, 36, 852).
CCR2/CCRS Antagonist Biology
{6081} The chemokine system comprises more than 20 different chemokine receptors, which belong to
the class A or rhodopsin-like family of G protein-coupled receptors (GPCRs). Almost 50 chemokine
ligands play a critical role in the immune system, mediating the migration and difterentiation of
pmune cells during bomeostasts and wntfammation. Dysregulation of this system can lead to a
variety of different pathologies, including inflammatory and autoimmune diseases. (Bot et al.
Scientific Reports 7, Article number: 52 (2017) doi:10.1038/541598-017-00104-2).
{8082} Fibrosis resulls from a sustained inflammatory response to chronic organ injury and is
characterized by the deposition of extracellular matrix proteins, including collagen types 1 and 3.
Hepatic fibrosis s associated with chronic liver disease. a significant global burden that contributes (o
cirrhosis and hepatoceltular carcinoma. Likewise, renal fibrosis is a common manifestation of chronic
kidney disease. The intlanunatory response to hepatooyte ipury plaves a key role in hepatic
fibrogenesis and involves recruitment of bone marrow~derived monocytes and macrophages to the site
of imjury, which is triggered by the activation of resident macrophages. In turn, infiltrating
monocyles/macrophages amplify this imrune response by producing inflarmmatory cytokines and
chemokines, which turther promote recruitment of intlammatory cells and upregulate the activation of
hepatic stellate celis (HSCs} Fibrogenic cytokines (e.g. transforming growth factor-beta [TGE-betal},
produced by activated macrophages, promote transdifferentiation of HSCs into myotibroblasts, which
are the pnmary source of scar-forming matry proteins, including fibnllary collagen types 1 and 3, and
the contractile protein alpha-smooth muscle actin {alpha-SMA} {Lefebvre E, Movle G, Reshef R,
-54-



WO 2017/205684 PCT/US2017/034564

Richman LP, Thompson M, Hong ¥, et al. {2016} Antitibrotic Effects of the Dual CCRZ/CCRS
Antagonist Ceneriviroc in Animal Models of Liver and Kidoey Fibrosis. PLoS ONE 11{6) e0158156.
hitps://dol.org/10.137 1 /jourmal pone 0158156}
{8083} Recruitment of extra-hepatic inflammatory cells to the site of hepatic injury s largely mediated
by interactions between chemokines and their receptors. Monocytes, KCs and HSCs can express €0
chemokine receptor types 2 (CCR2Z} and 5 (CCRS) on their surface.  (Lefebvre et al. 2016
https://dot org/10. 137 1joumal pone 01581563, Examples of drugs which are considered
CCR2/CCRS antagonist therapeutics include, but are not limited to, cenicriviroe (CVC), aplaviroe,
vicriviroc (e.g., 5-({4-[(35)-4-{2-methoxy-1-[4-(trifluoromethyl)phenyl]ethyl } -3-methylpiperazin-1-
yl]-4-methylpiperidin-1-yl}carbonyl)-4,6-dimethylpyrimidine), maraviraec (e.g., 4,4'-
difluorocyclohexylamide) and cochiliogquinone A
Caspase Protease Inhibitor Biology
[0084] Caspases are the key effector molecules of the physiological death process known as apoptosis,
although some are involved in activation of cytokines, rather than cell death. They are one of
approximately 20 families of cysteine proteases. Caspases exist in most mammalian cells as inactive
precursors (zymogens) that kill the cell once activated and can be controlled in two ways. The
processing and activation of a caspase can be regulated by molecules such as FADD, APAF-1, Bcl-2
family members, FLIP and IAPs. Active caspases can be controlled by a variety of inhibitors that
directly interact with the protease. (Ekert, P.G.; Silke, J.; Vaux, D.L. Cell Death Differ.
1999;6(11):1081-6) . Examples of drugs considered to be caspase protease inhibitors include, but are
not limited to, emricasan, Q-VD-Oph, DEVD-CHO, zVAD-FMK, Pralnacasan (Vertex), and M867
(Merck).
Acetyl-CoA Carboxylase (ACC) inhibitor Biology
[0085] Acetyl-CoA carboxylase is a biotin-dependent enzyme that catalyzes the irreversible
carboxylation of acetyl-CoA to produce malonyl-CoA through its two catalytic activities, biotin
carboxylase (BC) and carboxyltransferase (CT). ACC is a large, multi-domain enzyme in
the endoplasmic reticulum of most eukaryotes. The most important function of ACC is to provide the
malonyl-CoA substrate for the biosynthesis of fatty acids. The human genome contains the genes for two
different ACCs: ACACA and ACACB. (Widmer, J. Biochem J. 1996, 15: 316 —Part 3, 915-922))
Examples of drugs include, but are not limited to, (R)-2-(1-(2-(2-methoxyphenyl)-2-((tetrahydro-2H-
pyran-4-yl)oxy)ethyl)-5-methyl-6-(oxazol-2-yl)-2,4-dioxo-1,4-dihydrothieno[2,3-d]pyrimidin-3(2H)-
yl)-2-methylpropanoicacid (“NDI-010976” or “GS-09767) (Gilead), 5-(tetradecyloxy)-2-furoic acid
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(“TOFA”), Medica 16, and (3R)-1'-(9-anthracenylcarbonyl)[ 1,4'-bipiperidin]-3-yl]-4-morpholinyl-
methanone (“CP-640186”) (Cayman Chemical).

Diacylglycerol acyltransferase-1 inhibitor Biology

[0086] Diacylglycerol acyltransferase-1 is an enzyme involved in the formation of triyglcerides and is
highly expressed in human fat metabolism sites such as intesting, liver, and adipose. Dietary
trigflycerides cannot be absorbed directly in the gastrointestinal tract and are broken down into free
fatty acids and monglycerol in the intestine by pancreatic lipase. Inhibition of diacylglycerol
acyltransferase-1 has shown to reduce fat storage in mammals leading to reduction of body weight.
Examples of drugs include, but are not limited to, pradigastat (“LCQ9087), VK5211, A 922500,
amidepsine A, and amidepisne D.

Apical sodium-bile acid cotransporter-inhibitor (ASBT) Biology

[0087] Apical sodium-dependent bile acid transporter (ASBT or ABAT, SLC10A2) is the second
member of the SLC10A family of solute carrier proteins and has important physiological functions as a
bile acid transporter from the lumen of the gastrointestinal tract to the liver via the portal vein. Classes
of therapeutics include dihydropyridine calcium channel blockers, and HMG-CoA reductase inhibitors
(statins). Examples of drugs include, but are not limited to, volixibat (“LUM-002/SHP626”), LIN 452
(Novartis), GSK2330672 (GSK), AZD-7806, S-8921, AK-105, BARI-1741, SC-435 or SC-635.
TLR-4 antagonist Biology

[0088] TLR-4 is a protein that in humans is encoded by the 77.R+ gene. TLR4 is a transmembrane
protein, member of the toll-like receptor family, which belongs to the pattern recognition

receptor (PRR) family. Its activation leads to an intracellular signaling pathway NF-xB and
inflammatory cytokine production which is responsible for activating the innate immune system. It is
most well known for recognizing lipopolysaccharide {£.PS), a component present in many Gram-
negative bacteria {(e.g. Neisseria spp.) and select Gram-positive bacteria. Its ligands also include
several viral proteins, polysaccharide, and a variety of endogenous proteins such as low-density
lipoprotein, beta-defensins, and heat shock protein. Examples of drugs which are considered TLR-4
antagonists include, but are not limited to, JKB-121, amitriptyline, imipramine, naloxone, LPS-RS,
cyclbenzprine, mianserin, naltrexone, propentofylline, ketotitfen, ibudilast, (+)-naltrexone, tapentradol,
and eritoran.

PPAR alpha/delta agonist Biology
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[0089] Examples of drugs which are considered PPAR alpha/delta agonists include, but are not limited
to, GFT505, amphipathic carboxylic acids (e.g., clofibrate, gemfibrozil, ciprofibrate, bezafibrate, and
fenofibrate), GW501516, aleglitzar, muraglitazar, tesaglitazar, and saroglitazar.

Statins

[0090] Statins, also known as HMG-CoA reductase inhibitors, are a class of lipid-lowering
medications. Statins have been found to reduce cardiovascular disease (CVD) and mortality in those
who are at high risk. Statins are effective for treating CVD in the early stages of a disease (secondary
prevention) and in those at elevated risk but without CVD (primary prevention). Examples of drugs
include, but are not limited to, atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin,
rosuvastatin, and simvastatin.

FXR agonists and nonalcoholic fatty liver disease (NAFLD) and Nonalcoholic staetohepatitis
(NASH)

[0091] NAFLD is a well-recognized component of the metabolic syndrome, characterized by
increased serum levels of lipids and glucose, increased incidence of type II diabetes, atherosclerosis,
hypertension, and breast and colon cancer. Although many NAFLD cases have benign prognosis, some
develop NASH, liver fibrosis, cirrhosis, and tumor. The disruption of the Nr1h4 gene in mice showed
that FXR deficiency results in fatty liver formation following feeding with a high-cholesterol diet
(Sinal CJ et al. Cell. 2000; 102:731-744). In addition, FXR deficiency renders the mice more
susceptible to NASH formation in a diet-induced obese mouse model (Kong B et al. J] Pharmacol Exp
Ther. 2009; 328:116-122). The exact mechanism by which FXR deficiency enhances NAFLD to
NASH transition is not clear, but likely involves a FXR-dependent disruption of lipid and bile acid
homeostasis, which leads to lipid accumulation and bile acid-induced chronic injury in the liver. FXR
deficiency also results in increased collagen expression, and increased collagen expression is an early
event in liver fibrosis development. In agreement, activation of FXR has been shown to suppress liver
fibrosis development. Advanced liver fibrosis leads to cirrhosis, portal hypertension and liver failure.
The treatment of choice is liver transplantation because no effective pharmaceutical agents are
available to halt or reverse liver fibrosis.

[0092] The effect of FXR activation on the development and protection against NASH has been
investigated in animal models. Feeding mice a methionine and choline-deficient (MCD) diet is a well-
established nutritional model of NASH resulting in serum elevation of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), and liver histological abnormalities similar to human NASH,
including hepatic steatosis, lobular inflammation, and pericellular fibrosis. CS7BL/6 mice were fed an
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MCD diet and treated with or without WAY-362450 (a synthetic FXR agonist) for 4 weeks. The
elevations of serum ALT and AST induced by the MCD diet were markedly reduced with WAY-
362450 treatment. Moreover, the hepatoprotective effects of WAY-362450 were abolished in FXR™"
mice fed an MCD diet. These results indicate that FXR agonists may be useful for the treatment NASH
(Zhang S et al. J. Hepatol 2009; 51:380-8).

[0093] In a rabbit model of the metabolic syndrome, a high-fat diet resulted in an increase in visceral
fat, fasting glycemia and glucose intolerance. Treatment with OCA (INT-747, an FXR agonist) along
with the high-fat diet normalized visceral fat fasting glucose levels, and improved glucose tolerance.
The effect of OCA on insulin resistance and development of hepatic steatosis has been studied in
Zucker fa/fa obese rats (Cipriani S, Mencarelli A, Palladino G, et al. J Lipid Res 2010; 51:771-84), a
model for NAFLD with a loss-of-function mutation of the leptin receptor. These rats exhibit
hyperphagia and hyperleptinemia and develop obesity, insulin resistance, diabetes, and hepatic
steatosis. In this study, in comparison to lean rats, fa/fa rats on a normal diet developed insulin
resistance and hepatic steatosis. Administration of OCA reversed insulin resistance and hepatic
steatosis and protected against body weight gain and liver and muscle fat deposition. Moreover, FXR
activation resulted in a reduction of liver expression of genes involved in fatty acid synthesis,
lipogenesis and gluconeogenesis. In muscle, FXR activation reduced free fatty acid synthesis.

[0094] Recently, the results of the Farnesoid X nuclear receptor ligand OCA in NASH treatment (the
FLINT) trial were reported (Neuschwander-Tetri BA et al. Farnesoid X nuclear receptor ligand
obeticholic acid for non-cirrhotic, non-alcoholic steatohepatitis (FLINT): a multicentre, randomised,
placebo-controlled trial. Lancet 2014). In this multicenter, double-blinded, placebo controlled clinical
trial, a total of 283 patients with biopsy-proven NASH were randomized to receive either OCA 25 mg
orally daily or placebo for 72 weeks. The primary outcome measure was improvement in NAFLD
activity score by at least two points without worsening of fibrosis from baseline to the end of
treatment. At the time of analysis of the primary outcome, 110 patients in the OCA arm and 109
patients in the placebo arm were included in the analysis. At 72 weeks of treatment, the percentage of
patients who demonstrated histological improvement in the OCA and placebo arm was 45% and 21%,
respectively. A decrease in the high-density lipoprotein (HDL) and an increase in the total cholesterol
and low-density lipoprotein (LDL) was observed in patients in the OCA arm compared to placebo.
These results suggest that OCA might be beneficial in preventing progression of NASH.

FXR and inflammatory bowel disease (IBD)
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[009S5] IBD, which primarily includes ulcerative colitis (UC) and Crohn’s disease (CD), represents a
group of chronic disorders characterized by gastrointestinal tract inflammation. Although many details
of IBD have been explored, the exact pathogenetic mechanisms of IBD have not been fully elucidated.
At present, IBD is generally believed to result from imbalance of gut microbiota, epithelial
dysfunction, and aberrant mucosal immune response.

[0096] Recently, FXR has been implicated to participate in immune modulation and barrier function
in the intestine. FXR alleviates inflammation and preserves the integrity of the intestinal epithelial
barrier in many ways by regulating the extent of the inflammatory response, maintaining the integrity
and function of the intestinal barrier, and preventing bacterial translocation in the intestinal tract.
[0097] First, FXR plays an important role in the mucosal immune response, thereby exerting strong
influence on immunoregulation. Vavassori et al. (J Immunol. 2009; 183:6251-6261) noticed that Fxr '~
mice displayed significantly elevated pro-inflammatory cytokine mRNA expression in the colon. In
two complementary murine models (intra-rectal administration of trinitrobenzensulfonic acid (TNBS)
and oral administration of dextrane sodium sulfate (DSS)), concurrent administration of the potent
synthetic FXR ligand 6-ECDCA repressed the expression of various proinflammatory cytokines,
chemokines and their receptors in wild type, but not Fxr "~ mice. In addition, Raybould et al. (J
Physiol. 2012; 590:441-446) showed that FXR activation by INT-747 prevented DSS- and TNBS-
induced intestinal inflammation, with improvement of colitis symptoms, inhibition of epithelial
permeability, and reduced goblet cell loss. Furthermore, FXR activation inhibited proinflammatory
cytokine production in vivo in the mouse colonic mucosa, and ex vivo in different immune cell
populations. These results provide strong support for the involvement of FXR in IBD due to counter-
regulatory effects on cells of innate immunity. FXR ligands exert anti-inflammatory activities by
antagonizing other signaling pathways, in part through the interaction with other transcription factors,
including activator protein-1 (AP-1), and signal transducers and activators of transcription 3 (STAT3).
[0098] Second, FXR has been implicated in barrier function by regulating intestinal antibacterial
growth. Gut microbiota play important roles in pathogen defense, immunity, and nutrient harvest.
Recent evidence suggests that there is a regulatory relationship between the development of IBD and
altered gut microbiota. It has been demonstrated that BAs and gut microbiota are closely related to
each other. Gut microbiota are involved in the biotransformation of BAs through deconjugation,
dehydroxylation, and reconjugation of BAs. BAs have antimicrobial activities by damaging the

bacterial cell membrane, thus inhibiting bacterial outgrowth.
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[0099] The administration of bile or conjugated BAs to ascitic cirrhotic rats or obstructive jaundice
rats eliminates intestinal bacterial overgrowth, and decreases bacterial translocation and endotoxemia.
Inagaki et al. (Proc Natl Acad Sci USA. 2006; 103:3920-3925) provides an explanation for this
protective effect of BAs by demonstrating that intestinal FXR has a crucial role in limiting bacterial
overgrowth and thus protecting the intestine from bacterial-induced damage. They show that mice
lacking FXR experience bacterial overgrowth, increase intestinal permeability and contain large
amounts of bacteria in mesenteric lymph nodes, as well as inflammation of the intestinal walls.
However, activation of intestinal FXR by GW4064 leads to the identification of several novel
intestinal FXR target genes, including those encoding angiogenin, carbonic anhydrase 12 and inducible
nitric oxide synthase, which have been reported to have antibacterial properties. The cytokine IL-18 is
also induced by FXR stimulation. IL-18 stimulates resistance to an array of pathogens, including
intracellular and extracellular bacteria and mycobacteria, and appears to have a protective role during
the early, acute phase of mucosal immune response. These results are consistent with the idea that FXR
is critical for controlling intestinal bacterial growth, which has significant implications for maintaining
a competent barrier, thereby contributing to the prevention of intestinal inflammation.

FXR and bile acid diarrhea (BAD) and irritable bowel syndrome (IBS)

[00100] Bile acids are increasingly implicated in the pathogenesis of functional GI disorders. New
mechanisms have recently been described in the irritable bowel syndrome, chronic diarrhea and
chronic idiopathic constipation. Identification of bile acid signaling through farnesoid X receptor
(FXR) has led to the development of new, directly acting therapeutic agents. Despite these advances
primary bile acid diarrhea (BAD) remains under-recognized partly because of the lack of a widely
available diagnostic test. Functional gastrointestinal disorders (FGID) are common and constitute a
significant proportion of consultations in both primary and secondary care. The most prevalent FGIDs
are the irritable bowel syndrome (IBS) and functional dyspepsia, with a prevalence of around 20%
each, regardless of the nationality of the population. A recent study using Rome III criteria found that
42% of attendees in the gastroenterology outpatient clinic met the criteria for a functional lower GI
diagnosis. Of these patients, 24.5% met the criteria for IBS-diarrhea (IBS-D), 6.1% functional diarrhea
(FD), 22.1% IBS-constipation, and 22.1% chronic idiopathic constipation. Over the last decade,
understanding of the pathogenesis of these conditions has advanced and a clear relationship between
bile acids (BAs) and these FGIDs have become apparent.

[00101] FGF-19 stimulation by obeticholic acid (Zhang JH et al. Am. J. Physiol. 2013; 304:G940-
(G9438) provides an opportunity to reverse the deficiency which is considered one of the factors leading
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to excessive hepatocyte BA synthesis. This treatment was associated with improved stool frequency
and consistency in a preliminary study of patients with BAD (Johnston IM et al. Gastroenterology.
2013;144(Suppl. 144):S60). Given the observation that BAs chronically downregulate colonic
secretory function in colonic epithelial cells, an effect that may serve to facilitate normal colonic
absorptive function, it is intriguing to note that an FXR agonist, GW4064, induced nuclear
translocation of the receptor in T84 cells, attenuated Cl” secretory responses to both Ca>* and cAMP-
dependent agonists, and reduced ovalbumin-induced diarrhea and cholera toxin-induced intestinal fluid
accumulation secretion in mice in vivo. These observations suggest that FXR agonists may be
efficacious in the treatment of BAD through restoration of FGF-19 production and exertion of
antisecretory actions on the colonic epithelium (Mroz MS et al. Gut. 2014 May; 63(5):808-17).

FXR agonists and cholestatic liver diseases (primary biliary cirrhosis (PBC), primary sclerosing
cholangitis (PSC) and biliary atresia)

[00102] PBC is a chronic, progressive, cholestatic liver disease characterized histologically by
destruction of intrahepatic bile ducts and serologically by the presence of the antimitochondrial
antibodies (AMAs). AMA is a highly disease-specific autoantibody, rarely found in individuals
without PBC. Epidemiological studies have reported a prevalence of PBC ranging from 19 to 365
cases per million, and an incidence of 4 to 58 cases per million persons-years. PBC may lead to hepatic
fibrosis, cirrhosis, and eventually liver failure. PBC is an important indication for liver transplantation
in the United States and Europe. Currently, the only therapy approved by the United States Food and
Drug Administration (US FDA) is ursodeoxycholic acid (UDCA). Several randomized controlled
clinical trials have shown that long-term administration of UDCA in PBC patients delays histological
progression to cirrhosis and prolongs survival without liver transplantation. However, up to 40% of
PBC patients have incomplete response to UDCA (158). Therefore, there is a critical need for other
effective therapies for PBC patients who are at high risk for progressive disease.

[00103] PSC is a progressive disease of the liver characterized by cholestasis and ongoing destruction
of intra- and extra-hepatic bile ducts, leading ultimately to fibrosis, cirrhosis, and liver failure. The
diagnosis of PSC is made in the setting of cholestasis and cholangiographic evidence of intra- and/or
extra-hepatic biliary ductal structuring. Small-duct PSC is a variant of PSC which is characterized by
cholestatic and histological evidence of PSC but normal cholangiography. PSC can progress to liver
fibrosis, cirrhosis, and ultimately liver failure. PSC is an important risk factor for cholangiocarcinoma

(CCA), which is the most common primary biliary malignancy, and the second most common primary
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liver cancer after HCC. CCA 1is a very aggressive disease, often diagnosed in late stages. The
percentage of CCA patients who survive 5 years after diagnosis is only 10%.
[00104] Biliary atresia is a progressive obliterative cholangiopathy that presents in infancy with
jaundice due to biliary obstruction. Despite the use of surgical hepatic portoenterostomy (HPE) to
reestablish bile flow, biliary atresia progresses to end-stage liver disease in 80% of patients over a
variable length of time. Approximately one-half of affected infants will require liver transplantation in
the first two years of life due to complications of cirrhosis and cholestasis, including severe
malnutrition, ascites, portal hypertension and coagulopathy. The remainder of children with biliary
atresia may live many years with their native livers, despite the chronic, progressive cirrhosis that
develops.
[00105] In a Wistar rat model of cholestasis, OCA promoted bile flow and protected the hepatocytes
against acute necrosis caused by administration of LCA (P<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>