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CLAIMS

1. Use of (a) a therapeutically effective amount of a pharmaceutical composition ,and (b) a
pharmaceutically acceptable excipient, carrier, or diluent in the manufacture of a
medicament for the treatment of nonalcoholic fatty liver disease (NAFLD) in a mammal
including a human, wherein the medicament is to be administered to a mammalian

subject in need thereof,

the pharmaceutical composition comprises a compound of Formula I:

Rs Rs
>§N R4 R
S =
Re . N ©
7 l
Rg R; M

or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD
thereof in a mammal including a human, and

wherein the symbols have the following meanings and are, for each occurrence,
independently selected:

R, is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or
substituted alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocycle or substituted heterocycle, aryl or substituted
aryl, OR,, SR,, S(=0)2R., S(=0),0R,, C(=0)ORy, C(=0)R,, or C(=0)NRyR;

R, is heterocycle or substituted heterocycle, aryl or substituted aryl;

Rjis hydrogen, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl,
heterocycle or substituted heterocycle, aryl or substituted aryl;

R4, Ry, and Rg are each independently hydrogen, halogen, cyano, nitro, CF;, OCFj, alkyl
or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or substituted alkyny],
cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycle or substituted heterocycle, aryl or substituted aryl, OR,, SR,, S(=O)R.,
S(=0)2R., P(=0):R., S(=0),0R¢, P(=0),0R., NRyR., NRpS(=0)2R,
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NRpP(=0),R., S(=0),NRyR,, P(=0),NRR., C(=0)OR., C(=0)R,, C(=0)NR,R.,
OC(=0)R,, OC(=0)NRpR,, NR,C(=0)OR,, NR4C(=O)NRyR., NR4S(=0),NR,R,,
NR4P(=0),NRyR¢, NR,C(=0O)R,, or NR,P(=0),R¢;

Rs is alkyl or substituted alkyl, heterocycle or substituted heterocycle, aryl or substituted
aryl, amino or substituted amino;

R¢ is hydrogen, halogen, cyano, nitro, CF3, OCF3, alkyl or substituted alkyl, heterocycle
or substituted heterocycle, aryl or substituted aryl, or OR,;

R, is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or
substituted alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or
substituted cycloalkenyl, heterocycle or substituted heterocycle, or aryl or
substituted aryl;

Ry, Rc and Ry are independently hydrogen, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, heterocycle or substituted heterocycle, or aryl or
substituted aryl, or said R, and R together with the N to which they are bonded
optionally form a heterocycle or substituted heterocycle;

R. is alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or substituted
alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted

cycloalkenyl, heterocycle or substituted heterocycle, or aryl or substituted aryl.

2. The use of claim 1, wherein the compound of Formula I is a compound of Formula II:
R
) 2 ey
N— R1 5

an

or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD
thereof in a mammal including a human, and

wherein the symbols have the following meanings and are, for each occurrence,

independently selected:
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Het is a 5- or 6-membered aromatic ring containing at least one heteroatom selected from
N,Oand S;

R3and Ry are each independently hydrogen, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, heterocycle or substituted heterocycle, aryl or substituted
aryl;

R¢ and Ry are each independently hydrogen, halogen, cyano, nitro, CF;, OCF3, alkyl or
substituted alkyl, heterocycle or substituted heterocycle, aryl or substituted aryl, or
OR.;

R4 and R;s are independently hydrogen, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, heterocycle or substituted heterocycle, or aryl or
substituted aryl, or said Rj4 and Rs together with the N to which they are bonded

optionally form a heterocycle or substituted heterocycle.

3. The method use of claim 1, wherein the compound of Formula I is a compound of

Formula III:

R
) " oL
N—(CH2)a-NR;2Ry3
Rio I:{/11

I1I)

or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD
thereof in a mammal including a human, and

wherein the symbols have the following meanings and are, for each occurrence,
independently selected:

Het is a 5- or 6-membered aromatic ring containing at least one heteroatom selected from
N,Oand S;

Rjand Ry are each independently hydrogen, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, heterocycle or substituted heterocycle, aryl or substituted

aryl;
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R¢ and Ry are each independently hydrogen, halogen, cyano, nitro, CF;, OCF;3, alkyl or
substituted alkyl, heterocycle or substituted heterocycle, aryl or substituted aryl, or
OR.;

Ry is hydrogen or C;_4 alkyl;

Rz and R3 are independently hydrogen, alkyl or substituted alkyl, cycloalkyl or
substituted cycloalkyl, heterocycle or substituted heterocycle, or aryl or
substituted aryl, or said R, and R3 together with the N to which they are bonded
optionally form a heterocycle or substituted heterocycle;

n is an integer selected from 2, 3, 4, 5 and 6.

4. The use of claim 2, wherein the compound of Formula II is a compound of Formula I'V:
R9
Rs Ry ) N—Ris
N
Ria
I:‘1 0

(Iv)
or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD

thereof in a mammal including a human.

5. The use of claim 3, wherein the compound of Formula III is a compound of Formula V:
Rq
Rs R3 /A N—(CHo),-NR;2R13
I
)Q N Ri1
Rio
Rg R; V)
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R>
R3

R47 RS’

or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD

thereof in a mammal including a human.

Use of (a) a therapeutically effective amount of a pharmaceutical composition ,and (b) a
pharmaceutically acceptable excipient, carrier, or diluent in the manufacture of a
medicament for the treatment of nonalcoholic fatty liver disease (NAFLD) in a mammal
including a human, wherein the medicament is to be administered to a mammalian

subject in need thereof,

the pharmaceutical composition comprises a compound of Formula VI:

Rs
T4 /IZZ,\pN Rg
R X v
Q P T
Re/ ~ '|°‘ v|v
Ry Ry (VI)

or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD
thereof in a mammal including a human, and

wherein the symbols have the following meanings and are, for each occurrence,
independently selected:

is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or

substituted alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted

cycloalkenyl, heterocycle or substituted heterocycle, aryl or substituted aryl, OR,, SR,,

S(=0):R., S(=0),0R., C(=0)ORy, C(=0)R,, or C(=0)NRyR;

is monocyclic or bicyclic heterocycle or substituted heterocycle, aryl or substituted aryl;

is hydrogen, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, heterocycle or

substituted heterocycle, aryl or substituted aryl, halogen, -OR,, -C(O)R,, -C(O)OR,, -

NR.Ry, or S(O),NR,Ry;

R, and R; are each independently hydrogen, halogen, cyano, nitro, trihalomethyl, OCF;,

alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or substituted alkynyl,

cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl, heterocycle
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or substituted heterocycle, aryl or substituted aryl, OR,, SR,, S(=0)R,, S(=0),R.,
P(=0)2Re, S(=0),0R¢, P(=0),0Re, NRpR¢, NRpS(=0)2Re, NRpP(=0)2Re, S(=0)2NRpRc,
P(=0);:NRR., C(=0)OR., C(=0)R;, C(=O)NRyR, OC(=O0)R,, OC(=O)NRyR,,
NR,C(=0)OR,, NR4C(=O)NRR., NR4S(=0),NRyR., NR4P(=0),NRyR., NR,C(=O)R,,
or NRyP(=0),R¢;

T 1s O, Sor Ry;

U, V, and W are each independently a carbon, N, O, or S;

X, Y, Z, and A are each independently a carbon or N, with the proviso that the ring in which X,
Y, Z, and A exist is aromatic;

with the provision that
one of R4, Rs, R¢, and Ry is substituted heterocycle or substituted aryl,

and

R4, Rs, Rg, or R7 is absent if X, Y, Z, or A, respectively, is a heteroatom;

wherein

substituted heterocycle and substituted aryl in R4, Rs, R, and R; is the following group:
Ry

(3

Ry" h

wherein

Q-2 s heterocycle, C(=O)NRyR, or aryl;

Ry, Ry» and Ry~ are each independently hydrogen, halogen, cyano, nitro, trihalomethyl, OCF;,
alkyl or substituted alkyl, OR,, SR,, C(=0)R,, C(=0)OR,, NH,, S(O),NH», NRyR¢,
heterocycle or substituted heterocycle, or aryl or substituted aryl;

R, is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or
substituted alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted
cycloalkenyl, heterocycle or substituted heterocycle, or aryl or substituted aryl;

Ry, R. and R, are independently hydrogen, alkyl or substituted alkyl, cycloalkyl or substituted
cycloalkyl, heterocycle or substituted heterocycle, or aryl or substituted aryl, or said Ry
and R, together with the N to which they are bonded optionally form a heterocycle or

substituted heterocycle; and
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R. is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or
substituted alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted

cycloalkenyl, heterocycle or substituted heterocycle, or aryl or substituted aryl.

7. The use of claim 6, wherein the compound of Formula VI is a compound selected from

the group consisting of Formula VII, Formula VIII, Formula IX and Formula X:

R2llll

R5III

R6"'

(VIID)

(IX)

79



WO 2020/061232 PCT/US2019/051790

.
Re~ A N

FL? R X)
or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD
thereof in a mammal including a human, and
wherein the symbols have the following meanings and are, for each occurrence,
independently selected:

X, Y, Z, and A are each independently a carbon or N, with the proviso that the ring in which X,
Z, and A exist is aromatic;

Q-1 and Q-2 are independently heterocycle, C(=O)NRR or aryl;

R», Ry, Ry~ and Ry are each independently absent, hydrogen, halogen, cyano, nitro,
trihalomethyl, OCF;, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl,
heterocycle or substituted heterocycle, aryl or substituted aryl, or OR,, NRyR¢,
NRpS(=0)2Re, NRpP(=0)2Re, S(=0):NRpR., P(=0):NRpR, C(=0)ORe, C(=O)R,,
C(=0)NRyR,, OC(=0O)R,, OC(=O)NRyR, NR,C(=0)OR,, NR4C(=O)NRR,,
NR4S(=0),NRyR¢, NR4P(=0),NRyR., NR,C(=O)R,, or NR,P(=0);R.,

Rs, Rs» and Ry
in Formula VII, R¢, Re» and Re» in Formula VIII, R, R7» and R+ in Formular IX and
R4, Ry» and Ry in Formular X correspond to Ry, Ry» and R, respectively.

8. The use of claim 7, wherein the compound of formula (VII) is selected from the group

consisting of the formula (VII-a), (VII-c), (VII-m), (VII-n), and (VII-0);
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(VII-a);

(VII-m);

(VII-n); or
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(VII-o).
9. The use of claim 7, wherein the compound of formula (VII) is the formula (VII-b);
R,
Rs"
R,"

Rﬁ“

(VII-b)

wherein

Ry, Ry», Ry~ are each independently absent, hydrogen, halogen, cyano, nitro, trihalomethyl,
OCF;, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, heterocycle or
substituted heterocycle, aryl or substituted aryl, or OR,, NRyR., NR,S(=0);R.,
NRpP(=0);:Re, S(=0),NRyR., P(=0):NRpR, C(=0)OR., C(=0)R,, C(=0)NR}R.,
OC(=0)R,, OC(=0)NRpR., NR,C(=0)OR, NR4C(=O)NRR., NR4S(=0),NRR,,
NR4P(=0),NRyR, NR,C(=O)R,, or NR,P(=0),R., and

Ry~ is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or substituted
alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycle or substituted heterocycle, aryl or substituted aryl, OR,, SR,, S(=0):R.,
S(=0),0R., C(=0)ORy, C(=0)R,, C(=O)NRR..

10. The use of claim 7, wherein the compound of formula (VII) is selected from the group

consisting of formula (VII-e), (VII-g), (VII-i), and (VII-k);
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(VlI-e) ;

(VII-g) ;

(VILK) ;
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wherein
Zis CorN,
Ais CorN.

11.  The use of claim 7, wherein the compound of formula (VII) is selected from the group

consisting of the formula (VII-d), (VII-f), (VII-h), (VII-j), and (VII-1);

(VII-d);

Re™

Rsll

(VII-f);

(VII-h);
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Rz“ Rz'
Rs Rs /
. \
N Rzm
Rs.l \ | -
| o Rz
Rg & N
L &
He ! (VILj); or
Ry’
R,"

(VII-D);

wherein

R», Ry, Ry~ are each independently absent, hydrogen, halogen, cyano, nitro, trihalomethyl,
OCF;, alkyl or substituted alkyl, cycloalkyl or substituted cycloalkyl, heterocycle or
substituted heterocycle, aryl or substituted aryl, or OR,, NRyR., NR,S(=0);R.,
NRpP(=0);:Re, S(=0),NRyR., P(=0):NRpR, C(=0)OR., C(=0)R,, C(=0)NR}R.,
OC(=0)R,, OC(=0)NRpR,, NR,C(=0)OR, NR4C(=O)NRR., NR4S(=0),NRR,,
NR4P(=0),NRyR, NR,C(=O)R,, or NR,P(=0),R., and

Ry~ is hydrogen, alkyl or substituted alkyl, alkenyl or substituted alkenyl, alkynyl or substituted
alkynyl, cycloalkyl or substituted cycloalkyl, cycloalkenyl or substituted cycloalkenyl,
heterocycle or substituted heterocycle, aryl or substituted aryl, OR,, SR,, S(=0):R.,
S(=0),0R., C(=0)ORy, C(=0)R,, C(=O)NRyR,

XisCorN,

Z1is Cor N,

Ais CorN.

12. The use of claim 7, wherein Q-1 is selected from the group consisting of phenyl, pyrrole,
furan, thiophene, pyridine, pyrimidine, pyrazine, pyridazine, imidazole, indole,

pyrrolopyridinone, pyridone, pyrrolidine, piridinone, piperidine, and pyrroloazepinone;

85



WO 2020/061232 PCT/US2019/051790

wherein one of Ry, Ry» Ry and Ry is C(=0)NRR,,

and wherein

Ry is hydrogen, and

R, is alkyl substituted with NRy,R.,; wherein Ry, and R, are alkyl, or said Ry, and R, together
with the N to which they are bonded optionally form a substituted heterocycle; wherein said
heterocycle is piperidine, or morpholine; or

Ry and R. together with the N to which they are bonded optionally form a substituted
heterocycle; wherein said heterocycle is piperidine, or morpholine; and

two of Ry, Ry» Ry and Ry are independently alkyl, and

the other is hydrogen.

13. The use of claim 7,wherein Q-2 is selected from the group consisting of pyrimidine,
pyrrole, furan, thiophene, imidazole, pyrazole, oxazole, isoxazole, thiazole, isothiazole,
triazole, thiadiazole, oxadiazole, pyrrolidine, piperidine, azepane, tetrahydrofuran, oxane,
oxepane, indole, indolinone, indazole, benzothiazole, quinoline, quinazoline, quinoxaline,
imidazopyridine, imidazopyridazine, pyrazolopyridine, pyrazolopyrimidine,
phthalazinone, and phenyl;

Ry is pyrrolidinyl, piperidinyl, azepanyl, tetrahydrofuranyl, oxanyl, oxepanyl, pyranyl, phenyl,

thiophenyl, pyrazinyl, pyrimidinyl, pyridazinyl, or pyridyl; said piperidinyl, pyranyl, phenyl,

thiophenyl, pyrazinyl, pyrimidinyl, pyridazinyl, and pyridyl are optionally substituted with
halogen, cyano, nitro, alkyl or substituted alkyl, OR,, NRyR., C(=O)OR., C(=O)R,, or

C(=O)NRyR, ; wherein R, is hydrogen, or alkyl or substituted alkyl, Ry, and R, are independently

hydrogen,or alkyl or substituted alkyl, and R, is alkyl or substituted alkyl ; said substituted alkyl

is optionally substituted with one or more substituent(s) selected from the group consisting of
hydroxy, amino, nitro, cyano, halogen, alkoxy, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl,
aryl, cycloalkyl, and heterocycle; and wherein

Ry~ and Ry are independently hydrogen, or alkyl or substituted alkyl ; said substituted alkyl is

optionally substituted with one or more substituent(s) selected from the group consisting of

hydroxy, amino, nitro, cyano, halogen, alkoxy, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl,

aryl, cycloalkyl, and heterocycle.

14.  The use of claim 6, wherein the compound is selected from the group consisting of :
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15.

16.

17.

18.

19.

, and

or an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof that is effective in the treatment or prevention of NAFLD

thereof in a mammal including a human.

The use of any of Claims 1-14, wherein the NAFLD is: (i) non-alcoholic steatohepatitis
(NASH); (ii) simple steatosis.

The use of any of Claims 1-13, wherein the medicament comprises an additional agent
selected from the group consisting of: a vitamin, a lipid-lowering medication, an insulin-
sensitizing medication, an anti-inflammation medication, a cholesterol-lowering
medication, a diabetes medication, an experimental anti-NASH agent, and a weight-loss

medication.

The method of Claim 16, wherein the vitamin is vitamin D or E.

The use of Claim 16, wherein the anti-inflammation medication is selected from the
group consisting of an anti-oxidant medication, anti-apoptotic medication, and anti-

cytokine medication.

The use of Claim 16, wherein experimental anti-NASH agent is selected from the group

consisting of farnesoid x receptor agonists, PPAR agonists, Acetyl-CoA carboxylase
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(ACC), C-C chemokine ligands type 2 and type 5 antagonists, apoptosis signal-regulating
kinase (ASK1) inhibitors, lysyl oxidase-like 2 antibody, an anti-hepatofibrotic agent, and

galectin-3 inhibitors.

20.  Use of (a) a therapeutically effective amount of a pharmaceutical composition ,and (b) a
pharmaceutically acceptable excipient, carrier, or diluent in the manufacture of a
medicament for reducing or ameliorating mortality or morbidityknown to be associated
with nonalcoholic fatty liver disease (NAFLD) in a mammal including a human, wherein
the medicament is to be administered to a mammalian subject in need thereof,

the pharmaceutical composition selected from the group consisting of:
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N N
H H

’
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and )

and an enantiomer, diastereomer, tautomer, or pharmaceutically acceptable salt, solvate,
ester or pro-drug thereof, and

wherein symptom or indication known to be associated with NAFLD is selected from the
group consisting of: accumulation of liver fat, elevated level of hepatic
triglyceride, heptic fibrosis, hepatocyte ballooning, elevated levels of liver

enzymes aspartate aminotransferase (AST) and/or alanine aminotransferase

(ALT), and an NAFLD Activity Score (NAS) greater than 3.
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