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(57) Abstract: The present invention provides treatment of fatty liver disease using a class of pyrimidinedione cyclohexyl com-
pounds. In one embodiment, the present invention provides a method of treating fatty liver disease. The method includes administer -
O ing to a subject in need thereof, a therapeutically etfective amount of a compound of Formula I, thereby treating the fatty liver dis -
ease, wherein the compound of Formula I has the structure (I).
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FATTY LIVER DISEASE TREATMENT USING GLUCOCORTICOID
AND MINERALOCORTICOID RECEPTOR ANTAGONISTS

CROSS-REFERENCES TO RELATED APPLICATIONS
[68G1] This application claims priority to U5, Provisional Patent Application No.
62/092,041, filed on December 15, 2014, and U.S. Provisional Patent Application No.
62/064,358, filed on October 15, 2014, The entire content of the aforementioned provisional

applications is incorporated berein by reference.

BACKGROUND OF THE INVENTION
[8062] Liver disorders can be categorized in different groups of diseases, such as alcohol-
induced fatty Hver disease (AFLD), nonalcoholic fatty liver disease (NAFLD), drug- or
alcohol-related liver discases, viral diseases, mmune-mediated lver diseases, metabolic hiver

diseases, and complications associated with hepatic insufficiency and/or liver transplantation.

Nonalcoholic fatty Hver discase is a common hepatic disorder with histelogical features

similar to those of alcohol-induced fatty liver disease, in individuals who consume little orno

alcohol. Fatty liver discase is due to an abnormal retention of lipid (fats) within hepatocytes.

[B8G3] Effective treatments for AFLD and NAFLD reman msufficient, To date, no
therapeutic drug treatment is established for such patients. There is a need for novel

therapeutic options for managing fatty Hver disease.

868641  Tn most species, including man, the physiological glucocorticoid is cortisol
{hydrocortisone). Glococorticoids are seercted in response to ACTH {corticotropin), which
shows both circadian rhythm variation and clevations inresponse to stress and food. Cortisol
levels are responsive within minutes to many physical and psychological stresses, including
travima, surgery, exercise, anxicty and depression. Cortisol s a steroid and acts by binding to
an intracelivlar, glococorticoid receptor (GR). In man, glucocorticoid recepiors are present in
two forms: a ligand-binding GR-alpha of 777 amino acids; and, a GR-beta isoform which
facks the 30 carboxy terminal residucs. Since these fnclude the ligand bindmgdomam, GR-
beta is unable to bind the natural ligand, and is constitutively localized in the nocleus. The

(3R is also known as the GR I1.

PCT/US2015/055487
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[0005] Cortisol and other glucocorticoids can also act on the mineralocorticoid receptor
(MR), in which case they are referred to as mineralocorticoids or mineralocorticoid recepter
antagonists (MRAs). The mineralocorticoid receptor primarily regulates the salt
concentration in the body. The MR can have substantially equal affinity for

mineralocorticoids and glucocorticoids.

[0006] The biologic effects of cortisol, including those caused by hypercortisolemia, can
be modulated at the GR level using receptor modulators, such as agonists, partial agonists
and antagonists. Several different classes of agents are able to block the physiologic effects
of GR-agonist binding. These antagonists include compositions which, by binding to GR,
block the ability of an agonist to effectively bind to and/or activate the GR. One such
known GR antagonist, mifepristone, has been found to be an effective anti-glucocorticoid
agent in humans (Bertagna (1984) J. Clin. Endocrinol. Metab. 59:25). Mifepristone binds
to the GR with high affinity, with a dissociation constant (K4) of 10 M (Cadepond (1997)
Annu. Rev. Med. 48:129).

[0007] In addition to cortisol, the biological effects of other steroids can be modulated at
the GR level using receptor modulators, such as agonists, partial agonists and antagonists.
When administered to subjects in need thereof, steroids can provide both intended
therapeutic effects, e.g., by stimulating glucocorticoid receptor transrepression, as well as

negative side effects, e.g. by chronic glucocorticoid receptor transactivation.

[0008] What is needed in the art are new compositions and methods for modulating GR
receptors to treat fatty liver disease. Surprisingly, the present invention meets these and

other needs.
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BRIEF SUMMARY OF THE INVENTION
[0008a] A first aspect of the invention provides for a method of treating fatty liver disease,
comprising administering to a subject in need thereof, a therapeutically effective amount of
a compound of formula Id, thereby treating the fatty liver disease, wherein the compound

of formula Id has the structure:

\ (RY
e 1-4
7 (1d)

wherein
cach R'*is independently H, Ci. alkyl, halogen, or Ci.¢ haloalkyl;
R?is H, or Cj alkyl; and
each R*is H, Ci alkyl, halogen, or Ci.¢ haloalkyl;

or is a salt or isomer thereof.

[0008b] A second aspect of the invention provides for use of a compound of Formula Id,
for the manufacture of a medicament for treating fatty liver disease, wherein the compound

of Formula Id has the structure

wherein
each R'?is independently H, C\. alkyl, halogen, or Ci.¢ haloalkyl;
R?is H, or Ci alkyl; and
each R*is H, Ci alkyl, halogen, or Ci. haloalkyl;

or is a salt or isomer thereof.
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[0009] In one embodiment, the present invention provides a method of treating fatty liver
disease. The method includes administering to a subject in need thereof, a therapeutically
effective amount of a compound of Formula I, thereby treating the fatty liver disease,

wherein the compound of Formula I has the structure:
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In the compound of Formula 1, the dashed ling is absent ora bond. Xis G or S, R'is
cyeloalkyl, heterocyeloalkyl, aryl or hetercaryl, optionally substituted with from 1 to 3 R™
groups. Each R'™ is independently H, Cy alkyl, Ty alkenyl, Cus alkynyl, Cig alkoxy,
Cis alky]—ORJb, halogen, C ¢ haloalkyl, Ci ¢ haloaloxy, -(’)Rlb, —N}'{‘;bREC, -C(O)Rib,
C{OYOR'®, -OCOR', -C(OWRR", WRPCIOIR', -80,R ™, -SONRRY, cyeloalkyl,
heterocycloalicyl, aryl or heteroaryl. R'® and R' are cach H or 6 alkyl. R is H, Cy4 alkyl,
Cig alkyOR™, Cpg alkyl-NR'PR ' ot C g alkyiene-heterocyeloalkyl, R is H or €4 alkyl.
Ar is aryl, optionally substituted with 1-4 R® groups. Each R™ is H, Ci6 alkyl, C1s alkoxy,
halogen, Cie haloalkyl or i haloalkoxy. L' is a bond or Cpg alkylene. Subseript n is an

integer from 0 to 3. Also included are the salts and 1somers of the compounds recited herein.

BRIEF DESCRIPTION OF THE BRAWINGS
[6618]  Figure 1 shows the percentage of fat (lipid droplets) in Oil Red O stained livers
from mice that received a high fat diet and Compound | (60mg/kg/day) relative to control

mice that received a high fat diet and vehicle.

{3811} Figure 2A and 2B show Oil Red O staining of hipid droplets from livers from a
mouse that recetved a high fat (“HF”) diet and Compound 1 (Figure 2AY and a control mouse

that received a high fat diet and vehicle (Figure 2B).

{68121 Figure 3 shows the percentage of fat (lipid droplets) in Gil Red O stained livers
from mice that reccived a high fat dict and either mifepristone or Compound 1 (60mg/kg/day)
relative to countrol mice that received a high fat diet and vehicle. ¥ p<0.05 “Compound 17

compared to “CTRL”

166131 Figure 4 shows triglyceride levels in livers of maice given 2 normal diet (the
“CHOW” group), mice given a high fat diet for 3 weeks (the “HF-3wks” group), mice given
a high fat diet for 6 weeks {the “HF-6wks” group), mice given a high fat diet and Compound
1 for 6 weeks {(the “HF+118335-6wksgroup}, and mice given a high fat diet for 6 weeks

with administration of Compound 1 only for the last 3 weeks (the “HF-118335 rev” group).

3

PCT/US2015/055487
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#% 5001 compared to “CHOW?”; # p<{0.05 compared to “HF-6wks”; ## p<0.01 compared to

2

“HF-6wks”.

DETAILED DESCRIPTION OF THE INVENTION
i General

{6814} The present invention provides compounds and methods for the treatment of fatty
liver discase by administering a compound of the present invention to a patient suffering from
& fatty liver disease. Without being bound by auny theoty, contrary to the accepied
understanding in the art that the compounds of the present invention bind specifically to the
glucocorticoid receptor, treatment of fatty Hver discase in the present invention is
accomplished by binding to both the glucorticoid and mineralocorticoid receptors, rather than
binding specifically to the glucocorticoid receptor over other nuclear receptors such as the

mineralocorticoid receptor and the progesterone receptor.

i1 Definitions

[#015] The abbreviations used herein have their conventional meaning within the chemical

and biclogical arts.

[66816] Where substituent groups are specified by their conventional chemical formulac,
written from left {o right, they equally encompass the chemically identical sabstituents that
would result from writing the structure from right to left, e.g., -CH»0- is equivalent to

-0 CH,-,

168177 “Alkyl” refers to a straight or branched, saturated, aliphatic radical having the
number of carbon atoms indicated. For example, C-Cs alkyl includes, but is not limited 1o,

methyl, ethyl, propyl, butvl, pentyl, hexyl, ise-propyl, iso-butyl, see-butyl, tert-butyl, etc.

[6818] “Alkylene”™ refers to cither a straight chain or branched alkviene of 1 to 7 carbon
atoms, i.e. a divalent hydrocarbon radical of 1 10 7 carbon atoms; for instance, straight chain
alkylene being the bivalent radical of Formula -(CHy)p- wherenis 1,2,3, 4,5, 6 or 7.
Preferably alkylene represents straight chain alkylene of 1 to 4 carbon atoms, ez a
methylene, ethylene, propylene or butylene chain, or the methylene, ethvlene, propylene or

butylene chain mono-substituted by C;-Cs-alkyl {preferably methyl) or disubstituted on the
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same or different carbon atoms by Ci-Ci-alkyl (preferably methyl), the total nomber of
carbon atoms being up to and including 7. One of skill in the art will appreciate that a single

carbon of the alkylene can be divalent, such as in -CH{{CH»),CH3)-, wherein n= -5,

[6819]  “Alkony!” refers to cither s straight chain or branched hydrocarbon of 2 to 6 carbon

RN

atoms, having at least one doubie bond. Examples of alkeny! groups inchude, but are not
hnted to, vinyl, propenyl, isopropenyl, 1-butenyl, 2-butenyl, isobutenyl, butadienyl, 1-
pentenyl, 2-pentenyl, isopentenyl, 1,3-pentadienyl, 1 4-pentadienyl, 1-hexenyl, 2-hexenyl, 3-
hexenyi, 1,3-hexadienyl, 1 4-hexadienyl, 1,5-hexadienyl, 2 4-hexadienyl, or 1,3,5-
hexatrienyl. Alkenyl groups can alse have from 2t 3,210 4, 2t0 5,310 4,310 35,3106, 4
10 to 5,410 6and 5 to 6 carbons. The alkenyl groups is typically monovalent, but can be

divalent, sach as when the alkenyl group Hnks two moieties together.
1662687  “Alkynyl” refers to either a straight chain or branched hydrocarbon of 2 to 6 carbon
atoms, having at least one tripie bond. Examples of alkynyl groups include, bat are not

Hited to, acetylenyl, propynyl, I-butynyl, 2-butynyi, isobutyuyi, sec-butynyl, butadiynyl, 1-

ot
o

pentynvl, 2-pentynyl, isopentynyi, 1,3-pentadivayl, 1,4-pentadiveyl, I-hexyuvl, 2-hexyuyvl, 3-
hexynyl, 1.3-hexadiynyl, 1,4-hexadiynyl, §1,5-hexadiynyl, 2,.4-hexadiynyl, or 1,3,5-
hexatriynyl, Alkynyi groups canalso have from 20 3,2t 4,210 5,3t 4,3105,3106,4
10 5, 4 10 6 and 5 1o 6 carbons. The alkynyl groups s typically monoevalent, but can be

divalent, such as when the alkynyl group hinks two moieties together.

20 {8021 “Alkoxy” refers to an alkyl radical as described above which also bears an oxygen
substituent capable of covalent attachment to another hydrocarbon for example, methoxy,

ethoxy or &-butoxy group.

166221 “Halogen,” by itself or as part of another substituent, means, unless otherwise

stated, a thiorine, chlorine, bromine, or foding atom,.

25 j0823] “Haloalkyl” refers to alkyi as defined above where some or all of the hydrogen
atoms are substituted with halogen atoms. Halogen (halo) preferably represents chloro or
fluore, but may also be bromo or iode. For example, haloalkyl inclades trifhuoromethyl,
fluoromethyl, 1,2,3.4,5-pentafluoro-phenyl, etc. The term “perflucre” defines a compound or
radical which has at least two available hydrogens substitated with fluorine. For example,

30 perfluoromethane refers to |, 1, 1-irifluoromethyl.
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(868241 “Haloalkoxy” refers to alkoxy as defined above where some or all of the hydrogen
atoms are substituted with halogen atoms. "Haloalkoxy™ is meant to include

monohaloalkyl{oxy) and pelyhaloalkyl{oxy).

[6825] “Alkylamine” refers to an alkyl groups as defined within, having one or more amine

RN

groups. The amino groups can be primary, sccondary or tertiary. The alkyl amine can be
further substituted with a hydroxy group. Alkyl amines uscful in the present invention
mchide, but are not Hmited to, ethyl amine, propy! amine, isopropyl amine, ethylene diamine
and cthanolemine. The amino group can link the alkyl amine to the point of attachment with
the rest of the compound, be at the omega position of the alkyl group, or link together at lcast
10 two carbon atoms of the alkyl group. One of skill in the art will appreciate that other alkyl
amines are useful in the present invention.

186261 “Cycloalkyl” refers to a saturated or partially unsatorated, monocyclic, fused
bicyclic or bridged polycyclic ring assembly containing from 3 to 12 ring atoms, or the

number of atoms indicated. For example, Ci-C g cycloalkyl inclades cyclopropyl, cyclobutyl,

ot
o

cyclopentyl, eyclohexyl, eycloheptyi, and cyclooctyl. Cyelealtkyl alse inchudes norbormny! and

adamantyl,

16271 “Heterocycloalkyl” refers to a ring system having from 3 ring members to about 20
ring members and from 1 to about 5 heteroatoms such as N, O and 8. Additional heteroatoms
can also be useful, including, but not limited to, B, Al, Si and P. The heteroatoms can also be
20 oxidized, such as, but not bnited to, -5(0}- and -5(0Oh-. For example, heterocyele inchudes,
but 15 not limited to, tetrahvdrofuranyi, tetrahydrothiophenyl, morpholing, pyrrolidinyd,
pyrrolinyl, imidazolidiny], imidazolinyl, pyrazolidinyl, pyrazoliny], piperazinyl, piperidinyl,

indolinyl, quinuclidinyl and 1,4-dioxa-%-aza-spiro[4.5]dec-8-vi.

16628] “Alkylene-heterocyeloalkyl” refers to a heterocycloalkyl group, as defined above,

b
N

which is linked to another group by an alkylene. The heterocycloallyl and the group to
which the heterocyeloalkyl is linked by an alkylene can be linked to the same atom or

different atom of the alkviene,

168297  “Arvl” means, unless otherwise stated, a polyunsaturated, aromatic, hydrocarbon
substituent which can be a single ring or multiple rings (preferably from 1 10 3 rings) which
30 are fused together or linked covalently. Examples tnclade, but are not hmited to, phenyl,

biphenyl, naphthyl, and benzyl
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[86838] “Hetercaryl” refers to aryl groups {or rings) that contain from one to four
heteroatoms selected from N, O, and S, wherein the nitrogen and solfur atoms are optionally
oxidized, and the nitrogen atom(s} arc optionally quaternized. A heteroaryl group can be

attached 1o the remainder of the molecule through a carbon or heteroatom. Non-limiting

(]

examples of aryl and heteroaryl groups inchude phenyl, T-naphthyl, 2-naphthyl, 4-biphenyl,
1-pyrrolyl, Z-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyi, pyrazinyl, 2-
oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, S-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-
isoxazolyl, 2-thiazolyl, 4-thiazolyl, S-thiazolyl, 2-faryl, 3-fryvl, 2-thienyl, 3-thienyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, Z-pyrimidyl, 4-pyrimidyi, 5-benzothiazolyl, purinyl, 2-

10 benzuunidazolyl, S-indolyl, I-soquinelyl, S-isoquinolyl, 2-quinexalinyl, 5-quinoxalinyl, 3-
quinolyl, and 6-quinolyl. Substituents for each of the above noted ary! and heteroaryl ring

systems are selected from the group of accepiable substitugnts described below.,

186381 For brevity, the term “arv” when used in combination with other terms {e.g.,
aryloxy, arylthioxy, aryialkyl) inchudes both aryl and hetercaryl rings as defined above.

15 Thus, the term “aryialkyl” is meant io inchude those radicals in which an aryl group is
attached 1o an alkyl group {e.g., benzyl, phencthyl, pyridylmethy! and the like) including
those alkyl groups in which a carbon atom {e.g., a methylene group) has been replaced by, for
example, an oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-
naphthyloxy)propyl, and the like). Likewise, the term “heteroarylalkyl™ is meant to include

20 those radicals in which a heteroary] group is attached to an alky! group.

(8032} FHach of the above terms {e.g., “alkyl” “aryl” and “heteroaryl”} are meant to inchude
both substituted and unsubstituted forms of the indicated radical. Exanples of substituends

for each type of radical ave provided below.

166331 Substiments for the alkyl and hetervoalkyl radicals (including those groups often
25 referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, eycloalkyl,
heterocycloalkyl, cyeloalkenyl, and heterocycloalkenyl) can be one or more of a variety of
groups selected from, but not limited to: -OR', =0, =NR’, =N-OR’, -NR'R", -8R/, -halogen,
-SIRR"R™, -OC{OWR, -CIOWR, -CLR! -CONR'R", -OC{OINR'R", -NR"C{OIR,
NRACONRR™, -NRC{O)RR, -NR-CINR'R"R™p=NR", -NR-C(NRR"=NR", -S(O)R’,
30 -S(ORR, -S{ORNR'R", -NR{SOR, -CN and ~NO; in a2 number ranging from zero to
(Zm'+1), where m' 1s the total number of carbon atoms in such radical. R, R", R" and R™

cach preferably independently refer to hydrogen, substituted or unsubstituted heteroalkyl,
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substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl (e.g., aryl substituted with 1-3 halogens), substituted or
vosubstituted alkyl, alkoxy or thioalkoxy groups, or arvialkyl groups. When a compound of
the present invention includes more than one R group, for example, each of the R groups is
mdependently selected as are each R, R”, R™ and R"" groups when more than one of these
groups is present. When R’ and R” are attached to the same nitrogen atom, they can be
combined with the nitrogen atom to form a 4-, 5-, 6-, or 7-membered ring. For example,
-NR'R" is meant to inchide, but not be imited to, 1-pyrrofdiny! and 4-morpholinyl. From
the above discussion of subsiituents, one of skill in the art will understand that the term
"alkyl” s meant to include groups including carbon atoms bound to groups other than
hydrogen groups, such as haloalkyl (e.g., -CFs and —CHCF4) and acyl {e.g., ~-C{O}CH;,

~C{O)YCEs, -C{OYCHROCH,, and the like).

[66834] Similar to the substituents described for the allyl radical, substituents for the aryl
and heteroaryl groups are varied and are selected from, for example: halogen, -OR, -NR'R",
SR, -halogen, -SiIR'R'R", -OC(OR', -C{OIR!, -CO,R, -CONRR", -OC(ONR'R",
NRICOWR, -NR-COINRR™, -NR'C{O}LR!, NR-C(NRR"R™M=NR",
NR-CNRR™=NR™, -SSR, -S(O)R’, -S(ORNR'R", -NR(SO)R', -CN and —NO,, -R, -Ns,
-CH{Ph), fluorc{Ci-Caialkoxy, and fhuoro(Ci-Cylalkyl, in a number ranging from zero to the
total number of open valences on the aromatic ring systeny; and where R, R™, R™ and R"™" are
preferably mdependently sclected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted hetercalkyl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocyeloalkyl, substituted or unsubstituted aryl and substitated o
vosubstituted beteroaryl, When a conpound of the present invention includes more than one
R group, for example, each of the R groups 1s independently selected as are each R, R", R™

and R groups when more than one of these groups 1S present.

[66835] Where two substituents are "optionally joined together to form a ring,” the two
substituents are covalently bonded together with the atom or atoms to which the two
substituenis are joined to form a substitoted or unsubstituted aryl, a substituted or
vnsubstituted beteroaryl, a substituted or unsubstituted cycloalkyl, or a substituted or

unsubstituted heterocycloalkyl ring.

180361 “Salt” refers to acid or base salts of the compounds used in the methods of the

present invention, Hlustrative examples of pharmaceutically acceptable salts are mineral acid
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{hydrochioric acid, hydrobromic acid, phosphoric acid, and the like) salts, organic acid
{(acctic acid, propionic acid, glutamic acid, citric acid and the like) salts, quaternary
anymonium {methyl iodide, ethyl lodide, and the Hike) salis. It is understood that the
pharmaceutically acceptable salts are non-toxic. Additional information on suitable
pharmaceutically aceeptable salis can be found in Remington's Pharmaceutical Sciences, 17th

ed., Mack Publishing Company, Easton, Pa., 1985, which is incorporated herein by reference.

{88371 “Hydrate” refers to a compound that is complexed to at least one water molecale.
The compounds of the present invention can be compiexed with from 1 to 10 water

molecules.

180381  “Isemers” refers to compounds with the same chemical formuls but which are

structurally distinguishable.

[8439] “Tautomer” refers to one of two or more structural isomers which exist in

equilibrium and which are readily converted from one form to another.

[6848] “‘Pharmaceutically acceptable excipient” and “pharmaceutically acceptable carrier”
refer to a substance that aids the admuinistration of an active agent to and absorption by a
subject and can be mcluded in the compositions of the present invention without causing a
significant adverse toxicological effect on the patient. Non-limiting examples of
pharmaceutically acceptable excipients include water, NaCl, normal saline solutions, lactated
Ringer’s, normal sucrose, normal ghacose, binders, fillers, distntegrants, lubricants, coatings,
sweeteners, flavors and colors, and the Hke., One of skill in the art will recognize that other

pharmaceutical excipients are usetul in the present invention.

166841}  “Treat”, “treating” and “treatment” refer to any indicia of success in the treatment or
amehoration of an injury, pathology or condition, including any objective or subjective
parameter such as abatement: remission; diminishing of symptoms or making the injury,
pathology or condition more tolerable to the patient; slowing in the rate of degeneration ot
decline; making the final point of degeneration less debilitating; improving a patient's
physical or mental well-being. The treatment or amelioration of symptoms can be based on
objective or subjective parameters; including the results of a physical cxamination,

neuropsychiatric exams, and/or a psychiatric cvalpation.

[8842] “Nuclear receptors” refers to a class of proteins responsible for sensing and

responding to steroid and thyroid hormones, as well as synthetic hormones and compounds.

D
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There are a number of sub-families, including thyroid hormone receptor-like, retinoid X
receptor-like, estrogen receptor-like, and nerve growth factor IB-like, among others, The
subfamily estrogen receptor-like includes the families cstrogen receptor, estrogen related
receptor, and 3-ketosteroid receptors. The 3-ketosteroid veceptors family includes numerous
receptors such as, but not hmited to, the ghicocorticoid receptor (GRY, the mineralocorticoid
receptor (MR), the estrogen receptor (ER), the progesicrone receptor (PR}, and the androgen

receptor (AR}

[8843] “Glucocorticoid recepior” (“GR”) refers to a family of intraceliular receptors which
specifically bind to cortisol and/or cortisel analogs. The glucocorticoid receptor is also
referred to as the cortisol receptor. The term includes isoforms of GR, recombinant GR and
mutated GR. “Glucocorticoid recepior” (“GR”) refers to the type I GR which specifically
binds to cortisol and/or cortisol analogs such as dexamethasone (See, e.g., Turner & Muller, J
Mol Endocrinol Gctober 1, 2005 35 283-292). Inlibition constants (K) for the compounds of
the present invention against the human nuclear receptors are between 8.0001 aM to 1,000
oM preferably between 0.6005 nM to 10 oM, and most preferably between 0.001 nM to |

ub,

1#044] “Modulating a nuclear receptor” refers to methods for adjusting the respounse of a
glucocorticoid receptor towards ghucocorticoids, ghicocorticoid antagonists, agouists, and
partial agonists, as well as 8 mineralocorticoid receptor towards mineralocorticoids, MR
antagonists, agonists and partial agomsts. The methods inclade contacting a GR and MR
with an cffective amount of either an antagonist, an agonist, or a partial agonist and detecting

a change in GR activity, or GR and MR activity.

[6845]  “Nuclear receptor modulator” refers to any composition or compound which
modulates the binding of a glacocorticoid receptor (GR) agonist, such as cortisol, or cortisol
analogs, synthetic or natural, to a GR, as well as modulating the binding of 2 MR agonist,
such as aldosterone, or analogs thereof, to 3 MR. The modelation can include partially or
completely inhibiting (antagonizing)} the binding of a GR agonist to a GR, and/or a MR

agonist to a MR,

[60846]  “Antagonizing” refers to blocking the binding of an agonist at a receptor molecule
o1 to inhibiting the signal produced by a receptor-agonist. A receptor antagonist blocks or

dampens agonist-mediated responses.

10



RN

10

20

(43

G

WO 2016/061195 PCT/US2015/055487

{88471 “Ghucocorticoid receptor antagonist” refers to any composition or compound which
partially or completely inhibits {antagonizes) the binding of a glucocorticoid receptor (GR)

agomnist, such as cortisol, or cortisol analogs, synthetic or natural, to a GR.

[B848] “Specific glucocorticoid recoptor antagonist” or “specific mineralocorticoid recepior
antagonist” refers to any composition or corapound which inhibits any biclogical response
associated with the binding of a GR and/or an MR to an agonist. By “specific,” we intend the
drug to preferentially bind to the GR and/or MR rather than other muclear receptors, sach as

the estrogen receptor (ER), progesterone receptor (PR} or the androgen receptor (AR},

[8849] “Minecralocorticoid receptor” refers to a family of intracellular receptors that bind to
mineralocorticoids such as aldosterong, and glucocorticoids such as cortisol, with
substantially equal affinity. The mineralecorticoid receptor (MR) is also referred to as the
aldosterone receptor or nuclear receptor subfamily 3, group C, member 2, (NR3C2). The MR
belongs to the eytosolic receptor famly. The MR is activated by mineralocorticoids such as

aldosterone and its precursor deoxyceorticosterone as well as glucocorticoids, like cortisol.

[88568] “Mincralocorticoid receptor antagonist” refers to any composition or compound
which partially or completely inhibits (antagonizes) the binding of a3 mineralocorticoid
receptor (MR) agonist, such as aldosterone, or aldosterone analogs, synthetic or natural, to a

MR.

[G851] “Paticnt” or “subject” refers 10 a hiving organism suffering from or prove to
condition that can be treated by administration of a pharmaceutical composition as provided
herein. Non-limiting examples inclode humans, other mammals and other non-mammalian

animals.

(868521 “Therapeutically effective amoumnt” refers to an amount of a conjugated fonctional
agent or of a pharmaceutical composition uscful for treating or ameliorating an identified
discasc or condition, or for exhibiting a detectable therapeutic or inhibitory etfect. The effect

can be detected by any assay method known in the art.

180531  The terms “a,” “an,” or “a(n)”, when used in reference o a group of substituenis or

LA 4 . " R - PN 3, . 3 - L4 -
substituent group” herein, mean at least one. For example, where a compound 1s substituted

with "an” alkyl or aryl, the compound is optionally sobstituted with at least one alkyl and/or

at least one aryi, wherein cach alkyl and/or aryl is optionally different. In another example,

i1
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where a compound is substitated with "a" substituent group, the compound is substitated with
at ieast one substituent group, wherein each substituent group is optionally different.
[B854] “Fatty liver disease” refers to a discase or a pathological condition caosed by, at

feast in part, abnormal hepatic Hpid deposits. Fatty liver disease ncludes, e.g., alcoholic fatty

RN

fiver discase, nonalcobolic fatty lver disease, and acute fatty liver of pregnancy. Fatty liver

discasc may be, e.g., macrovesicular steatosis or microvesicular steatosis.

[8055]  ~Alcchol-related liver disease” or “ARLD” refers 1o diseases of the liver that are
wholly, or in part, caused by, or attributable to, excessive consumption of alcchol. There are
four main types of ARLD, alcoholic fatty Biver (AFL, a sub-type of fatty hiver disease),

10 alcobolic steatohepatitis (ASH), alcoholic-induced cirrhosis, and alcoholic hepatocelhilar
cancer. As used herein, “excessive consumption of alcohol” generally vefers to the

consumption of more than about 15 - 30 g/day of cthanol.

{6856} The physiclogical effects of alcohol consumption on Hver function or disease arc
dependent on a variety of genetic and non-genetic factors that modify both individual
susceptibility and the chinical course of ARLD. Thus, in certain patients, ARLE can develop
at much lower rates of aicohol consumption, including consumption of at feast about 12
g/day, 15 g/day, 20 g/day, 25 g/day or more. Moreover, it is understood that in some
patients, estimates of daily consumption of alcohol are an average valae that inchudes periods
of heavy alcohel consumpition and periods of little or no alcohol consumaption. Such an
20 average value can jnchude an average of alcohol consumption over at least about a week, two
weeks, a month, three months, six months, nine months, a year, 2, 3, or 4 years, or more. In
some cases, the determination of whether a lver dysfunction is an ARLD is based on
reference fo a varicty of factors including, but not limited to: the amount and type of
alcoholic beverage consumaption (e.g., beer or spitiis); the duration of alcohol abuse; patiemns
25 of drinking behavior (e.g., binge drinking, drinking without co-consumption of food, efc.);
gender; sthmicity; co-existing disease conditions such as metabolic syndrome or diabetes, iron
overload, or nfection with hepatitis virus, genetic markers; family history; Hver enzyme
levels; promflammatory cytokine levels; gene ov protein expression analysis; or
histopathological examunation of liver tissue or cells.
3¢ [8657)  “Liver disorder unrelated to excessive ingestion of alcoho!” is a liver disorder that is
distinguished from ARLD. Such a disorder therefore refers to a wide array of liver diseases

that are not caused by alcohol consemption. For example, hepatitis can be caused by viral
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mfection. A liver disorder caused by excessive alcohol consumption and other factors, is
considered an ARLD rather than a Hver disorder unrelated to excessive ingestion of alcohol.
I contrast, a Hiver disorder merely exacerbated by excessive alcohol consuraption s

considered a liver disorder unrelated to excessive ingestion of alcohol,

[B658]  “Nonalcoholic fatty lver disease” or “NAFLIY” refers 1o a fatty liver discase
characterized by the presence of fat (lipids) in the hiver and no substantial mflanomation or
hver damage. NAFLD can progress into nonalcoholic steatohepatitis and then into

irreversible, advanced Hver scarring or cirrhosis.

[6852] “Nonalcoholic steatohepatitis” or “NASH” refers a fatty liver discase, which
rescmbles alcoholic Hiver discase, but cccurs in people who drink little or no alcohol. The
major feature i NASH is fat in the hver, along with inflammation and damage. NASH can
fead to cirrhosis, in which the Hiver 1s permanently damaged and scarred and is no longer able
to fumction properly. A differential diagnosis of NASH versus NAFLE may be determined

by liver biopsy.

[8868] Descriptions of compounds of the present invention are Hmited by principles of
chemical bonding known to those skilled in the art. Accordingly, where a group may be
substituted by one or more of a number of substituents, such substitutions are selected so as
to comply with principles of chemical bonding and to give compounds which are not
inherently unstable and/or would be known to one of ordinary skilf in the art as likely to be

gustable under ambient conditions, such as agueous, neutral, or physiclogical conditions.

HEi.  Fatty Liver Disease

{8068} Fatty liver disease (FLD, also known as hepatosteatosis) is a prevalent iver
condition that occurs when Hpids accumulaie in liver cells. The Hpid accumulation causes
cellular mjury and makes the Hver susceptible to further injuries. Fatty Hiver discase is
characterized by the build-up of excessive fat (ipids) in liver cells, generally caused by
abnormal retention of lipids by the liver cells (.2, steatosis). In addition to fat, proteins and
water are retained in the hepatocytes, which can lead to a balloouning of hepatocyies. The
accumulation of fat in the liver may be attributed to a perturbation of one of the following
steps 1n the ipid metabolism of hepatocytes and adipocytes: (1) increased free fatty acid

delivery to the liver; (2) increased free fatty acid synthesis within the liver; (3) decreased
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beta-oxidation of fatty acids; and (4) decreased very low-density Hpoprotein synthesis or

secretion. (Bacon ef al., Gastroenterology, 1994, 107:1103-1109),

{88621 FLD may arise from a nomber of sources, inchiding excessive alcohol consumption
and metabolic disorders, such as those associated with insulin resistance, obesity, and
hypertension. The discase is most prevalent in individuals who are obese or who have
diabetes. In aleohol induced fatty hiver disease (AFL) initially fat accumulates in hver celis,
but then the discase can progress to aleohelic hepatitis which causes the liver to swell and
become damaged if the individual continues to consume alcohol. The individual can also
develop alcoholic cirrhosis, or scarring of the Hver which in furn can cause fiver failure.

Heavy drinkers can progress from AFL to alcoholic hepatitis to alcoholic cirrhosis over time,

1668631  Noualcoholic fatty liver discase (NAFLIDY) is a hiver disorder with histological
features of AFL but in mndividuals who consume little to no slechol. Like AFL, NAFLD s
due to the abnormal retention of fat (lipids) by hepatocyites. Other fatty Hiver discases can
develop in a patient with other types of liver discases, such as but not limited to, chronic viral
hepatitis C (HCV), chronic vival hepatitis B (HBV), chronic autoimmume hepatitis (ATH),
diabetes and Wilson's discase. Fatty liver can also be associated with indications caused by
disruptions in lpid metabolism, such as disorders due to drugs, e.g., gastrointestinal disorders
(e.g., intestinal bacterial outgrowth, gastroparesis and irritable bowel syndrome),
chemotherapy, gastrointestinal surgeries for obesity, malnutrition and genctic defects in

proteins that process lipids.

(80641 in some embodiments, the fatty Hver disease 1s alcohol related hver disease (ARLD)
or nonaleoholic fatty liver disease (NAFLD). In some instances, the alcohol related liver
discase is alcohol fatty liver disease (AFL), aicoholic steatohepatitis (ASH) or alcoholic
cirrhosis. In some instances, the nonalcoholic fatty liver disease is nonalccholic

steatohepatitis (NASH) or nonalcoholic eirrhosis.

AL Aleohol Related Liver Disease (ARLIY

180657 Alcohol-related liver discase {ARLE) describes a family of alcchol-related, or
aleobol-induced, liver pathologies including alcohol induced fatty liver disease {AFL),
alcoholic hepatitis, and aleoholic cirrhosts. Virtually all persons who are chronic and heavy
consumers of alcoho! will develop AFL. Additionally, due to the bigh prevalence of

complicating factors such as obesity, diabetes, and metabolic syndrome in the general
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population, many individuals who do not satisfy the criteria for chronic heavy consomers of

afcohol are susceptible to developing AFL,

[8866] AFL can be diagnosed via ultrasound. Typically, the hiver of a patient with AFL

presents as “echogenic,” meaning more dense than usual to the imaging scund waves. In

RN

addition, the liver is typically enlarged due to the swelling and presence of large amounts of

fat.

{6867} AFL can also be indicated by, and thus disgnosed due to, prescutation of one or
more symptoms or risk factors (e.g., obesity, diabetes, drinking behavior, efc.}. Fatty hver
disease can present symptoms such as fatigue, muscle weakness, abdominal discomfort,
10 weight foss, and confusion. However, faity liver discase usually does not present overt
physical symptoms. Fatty hiver disease can also be accompanied by, or precede,
mflammation of the liver or hepatic fibrosis. Patients with fatty Hver discase generally
present clevated seram Hver enzyme levels. Moreover, the relative levels of several tiver

enzymes are altered. AFL generally presents with a serom aspartate aminotransferase {AST)

ot
o

level that is greater than the level of alanine aminotransferase (ALT). This is distinguished

from non-alcoholic fatty liver disease, in which ALT is higher than AST.

[3868]  There are four mam pathogenic factors for AFL: (1) Increased generation of NADH
caused by alcohol oxidation, favoring fatty acid and tri-ghyceride synthesis, and inhibiting
mitochondrial $-oxidation of fatty acids. (2} Enhanced hepatic mflux of free faity acids from

20 adipose tissue and of chylomicrons from the intestinal mucosa. (3) Ethanol-mediated
mhibition of adenosine monophosphate activated kinase {AMPK) activity resulting in
mereased lipogenesis and decreased Hpolysis by inhibiting peroxisome proliferating-activated
receptor o (PPARa) and stimulating sterol regulatory element binding protein 1e (SREBPIc).
And, (4) Damage to mitochondria and microtubules by acetaldehyde, which results ma

25 reduction of NADH oxidation and the accumulation of VLDL, respectively.,

(6869}  Successful treatment of AFL 18 indicated by tmprovement of one or more clinical,
laboratory, or histopathological symptoms. For example, successful treatment can be
mdicated by a reduction in volume of fatty Biver, e.g., as exhibited by ultrasound examination.
As another exampie, successful treatment can be indicated by a reduoction of one or more

30 clinical symptoms such as fatigue, weakness, or cessation of weight loss, As another

example, successful treatment can be indicated by a normalization of Hver enzyme levels or
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relative fevels (e g, normalization of the aspartate aminotransforase/alanine aminotransferase
ratic).
687681 Alcoholic hepatitis, or alcoholic steatohepatitis (ASH), is the next stage of ARLD

after AFL. Assuch, AFL is a pre-requisite for development of ASH. Seventeen percont of

RN

all iver biopsies of patients who are admitted for alcohol detexification reveal ASH and 40%
of patients with alcoholic cirrhosis also have ASH in a cnrhotic iver. Twenty-five percent of
patients develop excessive liver necrosis with clinical signs of hepatic failore and hepatic
encephalopathy. In severe cases ASH may cause profound liver damage, increased resistance
to blood flow and is associated with a poor progoosis. Acute mortality of severe ASH is

10 between about 15% and 25%. ASH is characterized by an inflammation of the liver. Various
factors may contribute to the development of ASH, inchiding: (1) acetaldehyde-induced toxic
cffects; (2} reactive oxygen species (ROS) generation and the resulting lipid peroxidation; (3}
upregulation of proinflammatory cytokines; and (4) impaired ubiquitin-proteasome pathway

function.

ot
o

{6871}  Acctaldehyde binds to proteins and to DNA resulting in functional alierations and
protein adducts. Such adducts can activate the immuone system by forming autoantigens,
Acctaldchyde also induces mitochondria damage and impairs glutathione function, leading to

oxidative stress and apoptosis.

(8072} The main sources of ROS are UYPZE1-dependent mitochondrial electron transport,
20 NADH-dependent cytochrome reductase, and xanthine oxidase. Chronic alcohol intake
markedly up-regulates CYP2EL, which exacerbates ROS generation. Moreover, CYP2E!

metabolizes ethanol to acetaldehyde resulting in further alteration of protein and DNA.

166731 Alcohol metabolites and ROS stimulate signaling pathways such as those mediated
by NF-xB, STAT-JAK, and INK in hepatic resident cells, leading to the local synthesis of

25  mflammatory mediators such as TNFo and CXC chemokines (e g, interlookin-8), as well as
osteopontin.  Alcohol abuse also results in changes in the colonic microbiota and nereased
mtestinal permeability, leading to elevated serum levels of lipopolysaccharides that induce
mflammatory actions in Kupffer cells via CDI4/TLR4. The resulting inflammatory milicu in
the alcoholic liver leads to polymorphonuciear leukocyte (PMN) infiltration, ROS formation

30 and hepatocellniar damage,

{6874} ASH histopathology can be characterized by ballooning degeneration of hepatocytes

associated with necrosis, enhanced apopiosis, and frequently, the occurrence of Mallery Denk
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bodies (MDBs). ASH histopathology can also exhibit infiltration of immume cells, inchuding
polymerphonuciear cells, T-lymphocytes, or natural killer cells. MDBs are associated with
poor prognosis. In addition to MDB, giant mitochondria can be observed in the Hiver colls of

patients with ASH. Additional histopathological characteristics of ASH include

(]

macrovesicular steatosis, microvesicular steatosis, lobular hepatitis, nuclear vacuoles,

ductular proliferation, perivencular fibrosis, and fibrosis or cirrhosis.

{66781 Patients with ASH may develop progressive fibrosis. In ARLD, the fibrotic tissue is
typically located in pericentral and perisinusoidal arcas. In advanced stages, collagen bands
are evident and bridging fibrosis develops. This condition precedes the development of

10 regeneration nodules and biver cirthosis. The cellular and molecular mechanisms of fibrosis
in ARLD are not completely understood. Alcohol metabolites such as acetaldchyde can
directly activate hepatic stellate cells (HSC), the main coliagen-producing cells in the injured
hiver. HSC can also be activated paracrinally by damaged hepatoeyies, activated Kuopfler
cells and infiltrating PMN cells. These cells release fibrogenic mediators such as growth

15 factors {TGF-B1, PDGF), cytokines (leptin, angilotensin 1, interloukin-8, and TNFa), soluble
mediators (nitric oxide), and ROS. Toportantly, ROS stimwulate pro-fibrogenic intracellular
signaling pathways in HSC including those mediated by ERK, PI3K/AKT, and JNK. They
also up-regolate TIMP-1 and decrease the actions of metalloproteinases, thereby promoting
collagen accunwdation. Cells other than HSC can also synthesize collagen in ARLD. They

20 inchude portal fibroblasts and bone-marrow derived cells.

[8676] ASH can be classified into mild, moderate, and severe forms due to the intensity
and frequency of a wide varicty of subjective and objective clinical findings. Clindcal
symptoms of ASH inclade: nonspecific apper right quadrant pain, nausea, and emesis,

frequently accompanied by fever and jaundice. Other symptoms include: fatigue, dry mouth

o]
RN

and mcreased thirst, or bleeding from enlarged veins in the walls of the lower part of the
esophagus. Other skin conditions indicative of ASH include: small red spider-hike vems on
the skin, very dark or pale skin, redness on the feet or hands, or itching. Patients with ASH
may also present with symptoms of alcobol withdrawal and signs of malnutrition. Further
chinical markers include hepatomegaly, ascites, anorexia, encephalopathy, splenomegaly,

30 weight loss, pancreatitis, or gastromtestinal bleeding. In severe cases, patients can exhibit
problems with thinking, memory, and mood, fainting or lightheadedness, or numbness in legs

and feet.
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{88771  Seram and blood markers of ASH include an increase in the activity of aspartate
aminotransferase and alanine aminotransferase, accompanied by a higher level of aspartate
aminotransferase over alanine aminotransferase. Typically, gamma glutamy! peptidase is
also clevated in ASH patients. Elevated ganmma ghstamyl peptidase is generally considered
due to enzyme induction by ethanol; however, aspartate aminotransforase and alanine
aminotransferase levels are considered to be markers of liver cell damage. 40-80% of
paticnts also present with clevated alkaline phesphatase activity levels. In severe ASH, beta
and gamma globuhin levels are elevated. In addition, ASH can present with elevated
leukocyte count with toxic granulation and fever. Hematologic abnormalities for ASH
include macrocytotic hyperchromic anemia and thrombocytosis. Severe ASH can also
exhibit reduction in parameters indicative of primary hiver fumction such as prothrombin time,
serum bilirubin, or serum albumin. In some cases, ASH can be detected by the presence of

urine bilirubin.

[8078] ASH is generally indistinguishable from AFL via ultrasound. However ultrasound
can be useful to exclude extrahepatic cholestasis, which can present similar clinical
symptoms {e.g., jaundice). If diagnosis cannot be established by examination of clinical
markers, serum or blood markers, and ultrasound, a hver biopsy may be performed. Liver
biopsy can also be helpful to determine the severity of the disease or to guide

pharmacological intervention.

{88791 Successful treatment of ASH is indicated by mnprovement of one or more clinieal,
laboratory, or histopathological symptoms. For example, successful treatment can be
indicated by a reduction in volume of fatty Hver, e.g., as exhibited by ultrasound examination.
As another example, successful treatment can be indicated by a redoction of one or more
chnical sympioms such as fatigue, weakness, or cossation of weight loss. As another
exarnaple, successful treatment can be indicated by 2 normalization of Bver enzyme lovels or
relative levels {e.g., normalization of the aspartate aminotransterase/alanine aminotransferase
ratio). As yet another example, suceessful treatment can be indicated by a reduction in beta
and gamma globulin lovels or alkaline phosphatase levels. As another example, restoration
or improvement of parameters of priveary Hver function such as prothrombin time, scram oy
uring bilirubin, and serum atbumin can indicate successful treatment. As yet one more
example, successful treatment can be indicated by amelioration, or cessation, of one or more
of hepatomegaly, ascites, anorexia, cncephalopathy, splenomegaly, weight loss, pancreatitis,

or gastrointestinal bleeding.

I8

PCT/US2015/055487



WO 2016/061195 PCT/US2015/055487

{80881 Alccholic cirrhosis is a late stage of serious liver disease marked by inflammation,
swelling, fibrosis, damaged cellular membranes, scarring, and necrosis. Between sbout 10%
to about 20% of heavy drinkers will develop cirrhosis of the bver. Symptoms of civrthosis

mnchade, but are not Hmited to, jaundice, liver enlargement, and pain and tendemess.

(]

Successful treatment can be indicated by any reduction in the rate of progression of liver

function deterioration,
B. Non-Alesholic Fatty Liver Discase (NAFLI

{68811 NAFLD inclodes a spectrum of histological forms including hepatie steatosis, and
nop-alccholic steatohepatitis (NASH), which is characterized by liver inflammation,

10 steatosis, necrosis and fibrosis due to the disruption of bver cells. Conditions associated with
NAFLD are varied, and include type 2 diabetes, obesity, dyslipidemia, metabolic syndrome,
treatment with hepatotoxic drugs, toxins, infectious agents, or other exogenous causes. For
instance, NAFLD may result from metabolic disorders such as, e.g., galactosemis, glycogen
storage diseascs, homocystinuria, and tyroseria, as well as dictary conditions such as

15 malutrition, total parenteral nutrition, starvation, and overnutrition. In certain cases,
NAFLE 15 associated with jejunal bypass surgery. Other causes inchide exposure to certain
chemicals such as, e.g., hydrocarbon solvents, and certain medications, such as, e.g.,
amiodarone, cstrogens {e.g., synthetic estrogens), tamoxifen, malcate, methotrexate,
nucleoside analogs, and perhexiline. Acute fatty hiver conditions can also arise during

20 pregnancy.

[B882] NAFLD typically follows a benign, non-progressive clinical course, however,
NASH is a potentially serious condition. As many as 25% of NASH patients may progress to
advanced fibrosis, cirrhosis and experience complications of portal hypertension, liver fatlure

and hepatoceliular carcinoma (Yeh and Bruwg, Am J Clin Pathol, 2007, 128(5):837-47).
} K 2 % VA 7

25 [8683] Individuals with NAFLD may be asymptomatic but clinical lab tests can show
elevated Hver enzyme levels. Individuals may exhibit symptoms of NAFLD, such as
abdominal discomfort (e g, discomfort in the right upper abdominal quadrant), acanthosis
nigricans, bowel dismotility, coma, coustipation, disseminated iniravascular coagulopathy,

cpigastric pain, fatigue, malaise, bepatomegaly (generally with a smooth, firm surface upon

.
(]
o
o

palpation), hypoglycemia, jauimdice, hpomatosis, lipoatrophy, Hipodystrophy, nausea,
newrological defects, Palmer ervthema, panniculitis, periwmbilical pain, small bowel bacterial

overgrowth, spider angiomata, splenomegaly, subacute liver failure, and vomiting. Clinical

19
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evaluation to rule out alcohol related fatty liver discase may include determining if the
individual consumes excess alcchol {e.g., > 60 g/day for men and > 20 g/day for women
within the past 5 years. The presence or level of anti-hepatitis C antibody and serum

ceruloplasmin levels can be used to indicate that the individoal has NAFLD.

[#084] Non-invasive evaluation of biochemistry and metabolism can used to diagnose
NAFLD and NASH. By using a biological sample such as blood, plasma or serum, high

level of enzymes such as alanine aminotransferase (ALT), aspartate aminotransfersase {AST),
alkaline Phosphatase {AP), and/or v ghutamyl transpeptidase {(GGT), as well as the presence
of other proteins of liver origin (jncluding haptoglobin, total bilirubin, alpha-2-nicroglobulin,
resistin, cleaved or intact cytokeratin-18) are commonly measured in addition to serum
glucose and insulin resistance parameters. Since the level of ALT activity is frequently
ncreased in NASH patients (Angulo and Lindor, Best Fract Res Clin Gasiroenterel, 2002,

16(5):797-810), this criteria is considered as a surrogate marker for assessing liver injury.

[8085]  in an individual suspected of having NAFLD or NASH, baseline testing of serum
may nclude measuring or determining levels of AST, ALT, total and direct bilirubin, and
fasting seram glucose, as well as a lipid panel. For example, steatosis may be indicated by
clevated serum levels (often moderately elovated, e.p., elevated approximately 2, 3,4, 5,6, 7,
9, 10, 11, or 12-fold above normal levels) of liver cozymes (such as, e g, AST, ALT, GGT
and alkaline phosphatase) when other causes (such as, e.g., acute hepatitis, autoimmune
disease, chronic hepatitis, cirrhosis, fulminant hepatitis, hepatoceliular carcinoma, metastatic
carcinoma, right heart failure, and viral hopatitis) have been eliminated. For example, ALT
values greator than 32, 24, or 56 units por liter of serum or at feast 2, 3,4, 5,6, 7, 8,9, 10, 11,
12, or more times normal values may be mmdicative of a disorder associated with hepatic lipid
deposits, or by AST valugs greater than 40 units per liter of serum oratieast 2, 3,4, 5, 6,7, 8,
9, 10, 11, 12, or more times normal values. Mild to moderate clevation of serum
aminotransterase levels is most commonly found (mean range, 100-200 IU/L). The ratio of
AST/ALT is often less than one in NAFLD, but may be greater than one in patients with
afcoholic liver disease or advanced liver disease or if the patient advances to fibrosis. GGT
levels may also be significantly clevated, e.g., atleast 2,3, 4, 5, 6,7, 8, %, 10, 11, 12, or more
times normal values as defined by a normal, healthy individual, Liver enzyme levels can be
normal in a large percentage of patients with NAFLD, thus normal AST or ALT levels do not
exchude the presence of advanced disease. Scrum alkaline phosphatase and GGT levels may

be mildly abnormal. Given that more than 80% of patients with NAFLD bave some

20
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components of metabolic syndrome, serum levels of fasting cholesterol and triglycerides, as
well as fasting glucose and insulin, may be determined. Albumin, bilirubin, and platelet
levels may be normal unless the discase has evolved fo cirthosis. Some patients with

NAFLD have low titers of autoimmune antibodies (e.g., antimuclear and anti-smooth muscle

(]

antiboyy) and an elevation of forritin {Carey et al., “Nonalcoholic Fatty Liver Disease” in
o e . and geae . . .
Current Clinical Medicine, 2°° edition, Elsevier, New York. In some embodiments, an

AST/ALT ratio of greater than 1 can predict more advanced fatty liver discase.

(8086} Radiologic methods such as, but not limited to, x-ray imaging, ultrasonography,
computed tomography (CT1), maguetic resonance tmaging (MR}, and maguoetic resonance

10 spectroscopy can be used to detect NAFLD., With ultrasonography, increased echogenicity of
the hiver compared to the kidneys can indicate liver steatosis.
1668871 NASH can be diagnosed using histopathological methods on hiver samples (e.g.,
biopsies) to asscss macrovesicular steatosis, ballooning degeneration, hepatocyte necrosis,

lobular inflammation, megamitochondria, infiliration of mflammatory cells, apoptosis, and

ot
o

fibrosis (sce, e.g., Brunt and Tiviakos, World J Gastroenterol, 2010, 16{42):5286-8294).
Hepatocytic ballooning is characterized by swelling and enlargement of the cells, and
sometimes the appearance of cytoplasimic alierations containing Mallory-Denk bodies.
Fibrosis can also develop over time, initially as pericellular/pervernular fibrosis and eventually

to portal-central bridging fibrosis and cirrhosis.

20 JO888] Hematoxylin and cosin (H&E), Masson trichrome, Ol Red O and
mmunochistochemical staining and other standard histological methods known to those of
ordinary skill in the art can be performed to analyze tissue and cellular features. A scoring
systom (e.g., a NAFLD activity score) that includes one or more histological features can be
used 1o score and diagnose NAFLD, including NASH. {n some embodiments, the NASH

25 Chnical Research Network Scoring System developed by the Pathology Committee of the
NASH Chinical Research Network (see, e.g., Kleiner et ¢l., Hepatology, 2005, 41{(6): 1313-
1321} can be used predict whether an individual has NAFLE or NASH. The Practice
Guidelines published by the American Gastroenterological Association, American
Association for the Study of Liver Disecases, and American College of Gastroenterclogy

30 (Chalasani &f ¢, Gastroenterclogy, 2012, 142: 1592-1609) can be followed by a clinician o
diagnose or monitor NAFLD, including non-alcobolic fatty liver, NASH and NASH

associated cirrhosis,
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{68891 An individual’s liver may be considered to be steatotic when a biopsy reveals at
least 5-10% w/w faity deposits { See, eg., Clark er al., J. dm. Med. Assoc., 2003, 289:3000-
3004 (2003) and Adams ef al., Can. Med. dssoc. J., 2003, 172:899-903). A liver with fatty
deposits comprising up 1o 25% (w/w) may be considered mildly steatotic, and a hiver with

fatty deposits comprising greater than 25% (w/w) may be considered severely steatotic.

186981  Treatments for NAFLD including NASH include exercise, weight loss and avoiding
hepatotoxins or any substance that may damage the liver. In some embodiments, therapies
inchude administration of antioxidants, cytoprotective agents, antidiabetic agents, insufin-
sensitizing agents {e.g. metformin), anti-hyperlipidemic ageuts, other chemical compounds,
such as fibrates, thiazolidinediones (i.e., rosightazone or pioglitazone), biguanidies, stating,
cannabinoids, and other therapeutic compounds or molecules that target nuclear receptors,

angiotensin receptors, cannabinoid receptors or HMG-CoA reduciase.

{68911 Efficacy of treatment may be determined by detecting a reduction in one or more
symptoms or clinical manifestations of a discasc as well as any of the tests described above
for diagnosis.

V.,  Compeunds

[6892]  Insome cmbodiments, the present invention provides a compound of formula &0

(I,

wherein the dashed line is absent orabond. Xis QorS. R'is cyecloalkyl, heterocyeloalkyl,
aryl or heteroaryl, optionally substituted with from 1 to 3 R™ groups. Each R' is
independently H, Cyg alkyl, Cog alkenyl, Cog alkynyl, Cig alkoxy, Ci4 aikyi-(}R“‘g halogen,
(1.s haloalkyl, O haloaloxy, -OR'®, -NRPRY -C(OIRY, -C{OIOR", -OCOR",
SC{ONRPRY -NRPC(OR™, -SOR", -SONRPR', cycloalkyl, heterocycloalkyl, aryl or
heteroaryl. R'" and R arc cach H or Cig alkyl. R7 is H, Crs alkyl, Crg alkyt-OR'™,

Cre alkybNRIPR' or Cps alkylenc-heterocycloalkyl. R’ is Hor Crsalkyl. Aris aryl,

optionally substituted with 1-4 R* groups. Each R* is H, Ci alkyl, Cp¢ alkoxy, halogen,

PCT/US2015/055487
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1.6 halpalkyi or ) ¢ haloalkoxy, L!is abond or {1 ¢ alkylene., Subscript n is an integer
from ( to 3. Also inchided are the salts and isomers of the compounds recited herein,
[8093]  insomce other embodiments, the present invention provides a compound having

formula la:

& (Ia}.

[0094] In somc cmbodiments, L' is methylene. In other embodiments, Ar is phenyl,

RN

[6895]  In some embodiments, the present invention provides a compound having formula

b

(Ib}.
10 [0696] Insome other embodiments, the present invention provides a compound having

formuls ic:
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{88971 In some other embodiments, the present invention provides a compound having

formula 1d:

(i),
098]  In some embodiments, cach R, R? and R* are as dofined above for Formula L In
5  some embodiments, the compounds of Formula Id are those where cach R is independently
H, Cis alkyl, halogen, or Cy haloalkyl; R%is H, or Crg alkyl; and each R*is H, Cig atkyl,

halogen, or (¢ haloalkyl,

[#699] In some embodiments, the present invention provides a compound wherein R is
aryl or heteroaryl. In other embodiments, R' is selected from the group consisting of phenyl,
10 pyridyl, pyrimidine, and thiazole. Tn some other embodiments, cach R s independently H,

Cre alkyl, Cios alkoxy, halogen, Cy¢ haloalkyl, -NR“’RJ”, or -SOgREb. In stili other
embodiments, cach R%is Cig haloalkyl. In some other embodiments, cach R s
independently H, Me, Et, -OMe, F, Cl, -CFs, -NMey, or -50:Me. In some embodiments,
each R'® 15 independently H, Me, Et, F, C, or -CF1. In other embodiments, each R'® s -CFa.

15 1In some other embodiments, R% is H or Cyg alkyl In other embodiments, R%is HL

[1668]  To some embodiments, the present inverdion provides a compound selected from the

following:

o] lj o} E,j\c;

' 'y

HN ! HN !
P

L N
®
b

-
4
o

24
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[8181]  In some embodiments, the compound is

26
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#3162} Insome other embodiments, the present invention provides a compound having the

formula:

1614631 The compounds of the present invention may exist as salts. The present invention
ichudes such salts. Examples of applicable salt forms mclude hydrochlorides,
hydrobromides, suifates, methangsulfonstes, nitrates, maleates, acetates, citrates, fumarates,
tartrates (eg (+)-tartrates, (-}-tartrates or mixtures thereof fncluding racemic mixtures,
succinates, benzoates and salts with amino acids such as glotamic acid. These salts may be
prepared by methods known to those skilled in art, Also included are base addition salts such
as sodium, potassium, calcium, ammonium, organic amino, or magnesium salt, or a similar
salt. When compounds of the present invention contain relatively basic functionalines, acid
addition salts can be obtained by contacting the neutral form of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable inert solvent. Examples of
acceptable acid addition salts include those derived from inorganic acids like hydrochloric,
hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monchydrogenphosphoric, dihydrogenphosphorie, salfuric, monohydrogensulfuric,
hydriedic, or phosphorous acids and the like, as well as the salis derived organic acids like
acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, finmaric, laetic,
mandelic, phthalic, benzenesolfonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, and the
like. Also inchuded are salts of amino acids such as arginate and the like, and salts of organic

acids like ghicuronic or galactunoric acids and the ke, Certain specific compounds of the

28
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present invention contain both basic and acidic fimetionalitics that allow the compounds to be

converted into etther base or acid addution salts.

[#184] Other salts include acid or base salis of the compounds used in the methods of the
present invendion. Hlustrative examples of pharmaceutically acceptable salts arc mineral acid
(hydrochioric acid, hydrobromic acid, phosphoric acid, and the like) salts, organic acid
{acetic acid, propionic acid, glutamic acid, citric acid and the like) salts, and quaternary
ammoniinn {methyl fodide, cthyl iodide, and the Hke) salts. It is understood that the
pharmaccutically acceptable salts are non-toxic. Additional information on suitable
pharmaceutically acceptable salts can be found in Remington's Pharmaceutical Sciences, 17th

od., Mack Publishing Company, Easton, Pa., 1985, which is incorporated herein by reference.
2 E) 3 2 2

16148}  TPharmaceutically acceptable salts includes salts of the active compounds which are
prepared with relatively nontoxic acids or bases, depending on the particular substituents
found on the compounds described herein. When compounds of the present invention
contain relatively acidic functionalitics, base addition salts can be obtained by contacting the
neutral form of such compounds with a sufficient amount of the desived base, cither neat or in
a suttable inert solvent. Examples of pharmaceutically acceptable base addition salts include
sodivm, potassivm, calcium, ammonium, organic aming, or magnesivm salt, or a similar salt,
When compounds of the present invention condain relatively basic functionalities, acid
addition salts can be obtained by contacting the neutral form of such compounds with a
sufficient amount of the desired acid, either neat or in a suitable mert solvent. Examples of
pharmaceutically acceptable acid addition salts inciude those derived from inorganic acids
like hydrochloric, bydrobromic, nitric, carbomnic, monohydrogencarbonic, phosphoric,
monchydrogenphosphoric, dihydrogenphosphorie, salfuric, monohydrogensulfuric,
hydriodic, or phosphorous acids and the like, as well as the salts derived from relatively
nontoxic organie acids like acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic,
suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-iolyisulfonic, curie, tartaric,
methanesulfonic, and the like. Alse included are salts of amine acids such as arginate and the
like, and salts of organic acids like glucuronic or galactunoric acids and the fike (see, for
example, Berge ef a/., "Pharmaceutical Salts”, Journal of Pharmaceuntical Science, 1977, 66,
1-19}. Certain specific compounds of the present invention contain both basic and acidic
functionalities that allow the compounds to be converied into cither base or acid addition

salts.
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(81661 The neutral forms of the compounds are preforably regenerated by contacting the
salt with a base or acid and isclating the parent compound in the conventional manner. The
parent form of the compound differs from the various salt forms in certain physical

properties, such as sclubility in polar solvents.

RN

183677 Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, ncluding hydrated forms. In general, the selvated forms are equivalent to
vnsolvated forms and are encompassed within the scope of the present invention. Certain
compounds of the present nvention may exist in multiple crystaliine or amorphous forms. In
general, all physical forms arc equivalent for the uses contemplated by the present invention

10 and are intended to be within the scope of the present invention.

18168} Certain compounds of the present inverdion possess asymmetric carbon atoms
{optical centers) or double bonds; the enantiomers, racemates, diastercomers, tautomers,
geometric isomers, stereocisometric forms that may be defined, in terms of absolute

stereochemistry, as (R)-or (§)- or, as {D)- or (L)~ for amino acids, and individual isomers arg

ot
o

encompassed within the scope of the present invention. The compounds of the present
mvention do not include those which are known in art to be too unstable to synthesize and/or
isolate. The present invention is meant to include compounds in racemic and optically pure
forms. Optically active (R}- and (S)-, or (ID}- and (L )-isomers may be preparcd using chiral

synthons or chiral reagents, or resolved using conventional techniques.

20 J8109%)  Iscmers include compounds having the same number and kind of atoms, and hence
the same molecular weight, but differing n respect to the structural arrangement or

configuration of the atoms.

16116] 1t will be apparent to one skilled in the art that certain compounds of this invention
may exist in tautomeric forms, all such tavtomeric forms of the compounds being within the
25  scope of the mvention. Tautomer refers (o one of two or more stractural isomers which exist

in equilibrium and which are readily converted from one isomeric form to another.

#1183} Unless otherwise stated, structures depicted herein are also meant to include all
stercochemical forms of the structure; i.e., the R and S configurations for cach asymmetric

center. Therefore, single stercochemical isomers as well as enantiomeric and diastercomeric

.
(]
o
o

mixtures of the present compounds are within the scope of the fnvention.
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{61121 Unless otherwise stated, the compounds of the present invention may also contain
gonatural proportions of atomic isotopes at one or more of the atoms that constitute such
compounds. For example, the compounds of the present invention may be radiolabeled with

radivactive isotopes, such as for example deuterium ("H), tritium CH), fodine-125 {71,

(]

carbon-13 ("C), or carbon-14 ('Cy. All isotopic variations of the compounds of the present
invention, whether radioactive or not, are encompassed within the scope of the present

nverdion.

(8813} in addition to salt forms, the present invention provides compounds, which areina
prodrug torm. Prodrugs of the compounds described hercin are those conpounds that readily
10 undergo chemical changes under physiological conditions to provide the compounds of the
present invention, Additionally, prodrugs can be converted to the compounds of the present
nvention by chentical or biochemical methods in an ex vive environment. For exanple,
prodrugs can be slowly converted to the compounds of the present invention when placed in a

transdermal patch reservoir with a suitable enzyme or chemical reagent.

ot
o

{8114} The compounds of the present invention can be prepared by a variety of methods
known in the art. See, for example, U.S. Patent No. 8,685,973, hercin mncorporated by

reference in its entirety.

V. Pharmaceuntical Compositions

[$115]  In some embodiments, the present invention provides a pharmaceutical composition

20 inchuding 2 pharmaceutically acceptable excipiont and the compound of the present invention.

{8116} The compounds of the present invention can be prepared and administered in a wide
variety of oral, parenteral and topical dosage forms. Oral preparations include tablets, pills,
powder, dragees, capsules, Hquids, lozenges, gels, syrups, shurmies, suspensions, cte., suitable

for ingestion by the patient. The compounds of the present invention can also be

Nl
W

administered by injection, that is, intravenously, intramuscularly, intracutancously,
subcutaneously, intraduodenally, or intraperitoneally. Alse, the compounds described herein
can be administered by inhalation, for example, intranasally. Additionally, the compounds of
the present invention can be administered transdermally. The GR modulators of this
invention can also be admindstered by in tdraocular, intravagival, and intrarectal routes

30 including suppositories, msufflation, powders and acrosol formuldations (for examples of

steroid inhalants, see Rohatagi, /. Clin. Pharmacel 35:1187-1193, 1995; Tiwa, dnn, Allergy
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Asthme Immunol. 75:107-111, 1995). Accordingly, the present nvention also provides
pharmaceutical compositions including a pharmaceutically accepiable carrier or excipicnt and
either a compound of Formula (1), or a pharmaceutically acceptable salt of a compound of

Formula (1)

RN

117} For proparing pharmaceutical composttions from the compounds of the presend
mvention, pharmaceutically acceptable carriers can be either solid or hquid. Solid form
preparations inciude powders, tablets, pills, capsules, cachets, suppositories, and dispersible
granules. A solid carrier can be one or more substances, which may also act as diluents,
flavoring agents, binders, preservatives, tablet disintegrating agenis, ot an encapsulating

10 matenial. Details on techniques for formulation and administration are well described in the
scientific and patent literature, sce, e.g., the latest edition of Remingion's Pharmaceutical

Sciences, Maack Publishing Co, Easton PA {"Remington's™).

[@818] inpowders, the carrier is a finely divided solid, which is in a mixture with the finely

divided active component. in tablcts, the active component is mixed with the carrier baving

ot
o

the necessary binding propertics in suitable proportions and compacted in the shape and size

desired.

#1191 The powders and tablets preferably contain from 5% or 10% te 70% of the active
compound. Suitable carriers are magnesium carbonate, magoesium stearate, tale, sugar,
lactose, pectin, dextrin, starch, gelatin, tragacanth, methyicellulose, sodium

20 carboxymethyleellulose, 2 low melting wax, cocoa butter, and the Bke. The term
"preparation” 1s intended to include the formulation of the active compound with
encapsolating material as a carrier providing a capsule in which the active component with or
without other carriers, is surrcunded by a carrier, which is thus in association with it
Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and

25 lozenges can be used as solid dosage forms suttable for oval administration.

[6128]  Suitable solid excipients arc carbohydrate or protein fillers include, but are not
tmited to sugars, including lactose, sucrose, mannitol, or sorbitol; stavch from corn, wheat,
rice, potato, or other plants; cellidose sach as methy! cellulose, hydroxypropyhmethyl-
celuiose, or sodium carboxymethylcchulose; and gums ncluding arabic and tragacantly; as
30 well as proteins such as gelatin and collagen. If desired, disintegrating or solubilizing agents
may be added, such as the cross-linked polyvinyl pyrrolidone, agar, alginic acid, or a salt

thereof, such as sodium alginate,
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{8121} Dwagee cores are provided with suitable coatings such as concentrated sugar
solutions, which may alsc contain gom arabic, talc, polyvinyipyrrolidone, carbopol gel,
polyethylenc glycol, and/or titaninm dioxide, lacquer solutions, and suitable organic solvents

or solvent mixtures. Dyestaffs or pigments may be added to the tablets or dragee coatings for

(]

product identification or to characterize the quantity of active compound (i.e., dosage).
Pharmaceutical preparations of the invention can also be used orally using, for example,
push-fit capsules made of gelatin, as well as soft, sealed capsules made of gelatinand a
coating such as glycerol or sorbitol. Push-fit capsules can contain GR modulator mixed with
a filler or binders such as lactose or starches, lubricants such as talc or magnesium stearate,
10 and, optionally, stabilizers. In soft capsules, the GR modulator comapounds may be dissolved
or suspended in suitable hquids, such as farty oils, Haguid paraffin, or hguid polyethylene

glycol with or without stabilizers.

16122} For preparing suppositories, a low melting wax, such as a mixture of fatty acid
glycerides or cocoa butter, is first melted and the active component s dispersed
15  homogencously therein, as by stirring. The molten homogeneous mixture is then poured into

conveniont sized molds, allowed te cool, and thereby to solidify.

#3231  Liquid form preparations include solutions, suspensions, and emulsions, for
exaraple, water or water/propylene ghycol sehutions. For parenteral injection, iquid

preparations can be formulated in solution In aqueous polyethylene ghyecol solution.

20 [8124] Aqucous solutions suitable for oral use can be prepared by disselving the active
component in water and adding suitable colorants, flavors, stabilizers, and thickening agents
as desired. Aqueous suspensions suitable for oral use can be made by dispersing the finely
divided active component in water with viscous material, such as natoral or synthetic gums,
resins, methyleellulose, sodiam carboxymethyleelulose, hydroxypropyhuethyleellnlose,

25 sodium alginate, polyvinylpyrrolidone, gum tragacanth and gom acacia, and dispersing or
wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation
product of an alkylene oxide with a fatty acid {e.g., polyoxyethylene stearate), a condensation
product of ethylene oxide with a long chain aliphatic alcohol (e g., heptadecacthylene
oxycetanol}, a8 condensation product of cthylene oxide with a partial ester derived from a fatty

30 acid and a hexitol {e.g., polyoxyethylenc sorbitol mono-oleate), or a condensation product of
cthylene oxide with a partial oster derived from fatty acid and a hexitol anhydride {e.g.,

polyoxyethylene sorbitan mono-oleate). The aqueous suspension can also contam one or
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more preservatives such as ethyl or n-propyl p-hydroxybenzoate, one or more coloring
agents, one or more flavoring agents and one or more swectening agents, such as sucrose,

aspartame or saccharin. Formulations can be adjusted for osmolarity.

[#125] Also included are solid form preparations, which are intended to be converted,
shortly before use, to liguid form preparations for oral administration. Such liquid forms
mechide solutions, suspensions, and emuilsions. These preparations may contain, n addition
to the active component, colorants, flavors, stabihizers, baffers, artificial and natural

sweeteners, dispersants, thickeners, solubilizing ageuts, and the like.

#8126} Oil suspensions can be formulated by suspending a compound of the present
invention in 8 vegetable oil, such as arachis oil, olive oil, sesame oil or coconui oil, orin a
mingeral oil such as hquid paratfin; or a mixture of these. The oil suspensions can contain a
thickening agent, such as beeswax, hard paraffin or cetyl alcohol. Sweetening agents can be
added to provide a palatable oral preparation, such as glycerol, sorbitol or sucrose. These
formulations can be preserved by the addition of an antioxidant such as ascorbic acid. As an
example of an injectable 01l vehicle, sec Minto, J. Pharmacol Exp. Ther. 281:93-102, 1997.
The pharmaceutical formulations of the invention can also be in the form of oil-in-water
emulsions. The oily phase can be a vegetable oil or a mineral oil, described above, or a
mixture of these. Suitable cmulsifying agents include natrally-occurring gums, such as gum
acacia and gum tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters
or partial esters derived from fatty acids and hexitol anhydrides, sach as sorbitan mono-
oleate, and condensation preducts of these partial esters with ethylene oxide, such as
polyoxyethylenc sorbitan mono-oleate. The enulsion can also contain swectening agents and
flavoring agents, as in the formulation of syrups and elixirs. Such formulations can also

contain a dennilcent, a preservative, or a coloring agent.

161271  The compounds of the invention can be delivered by transdermally, by a topical
route, formulated as applicator sticks, solutions, suspensions, emulsions, gels, creams,

cintments, pastes, jellics, paints, powders, and acrosols.

[#128] The compounds and compositions of the invention can also be delivered as
microspheres for slow reiecase in the bedy. For example, microspheres can be administered
via infradermal injection of drug -containing microspheres, which slowly release
subcutaneously (see Rao, J. Biomaler Sci. Folym. Ed. 7:623-645, 1995; as biodegradable and

injectable gel formulations (see, e.g., Gao Pharm. Res. 12:857-863, 1995); or, as

34
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microspheres for oral administration (see, e.g., Eyles, /. Pharm. Fharmacol 49:669-674,
1997). Both transdermal and intradermal routes afford constant delivery for weeks or

months,

[#129] The pharmaccutical fornmifations of the invention can be provided as a salt and can

RN

be formed with many acids, nclading but not limited to hydrochloric, sulfuric, acetic, lactic,
tartaric, malic, succinic, ete. Salts tend to be more soluble in aqueous or other protonic
solvents that are the corresponding free base forms. In other cases, the preparation may be a
Iyophilized powder in 1 miM-50 mM histidineg, 0.1%-2% sucrose, 2%-7% mannitol at a pH

range of 4.5 to 5.5, that is combined with buffer prior to use

10 [8#3138] In another embodiment, the formulations of the invention can be delivered by the
use of liposomes which fuse with the cellular mersbrane or are endocytosed, e, by
employing ligands attached to the Hposome, or attached divectly to the oeligonucieotide, that
bind to surface membrane protein receptors of the col resulting in endocyiosis. By using

liposomes, particularly where the liposome surface carries ligands specific for target cells, or

ot
o

are otherwise preferentially directed to a specific organ, one can focus the delivery of the GR
modidator into the target cells m vivo. (See, e.g, Al-Mubammed, J. Micreencapsul 13:293-
306, 1996; Chonn, Curr, Opin, Biotechnol. 6:698-708, 19935; Ostro, Am. J. Hosp. Pharm.
46:1576-1587, 1969},

{8131} The pharmaceutical preparation is preferably in unit dosage form. In such form the
20 preparation is subdivided nto unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge tiself, or it

can be the appropriate nursher of any of these in packaged form.

25 [8132] The quantity of active component in a unit dose preparation may be varied or
adjusted from 0.1 mg to 10000 mg, more typically 1.0 rag to 1000 mg, most typically 10 mg
to 300 mg, according to the particular application and the potency of the active component.

The composition can, if desired, also contain other compatible therapeutic agents,

161331 The dosage regimen also takes into consideration pharmacokinetics parameters well
30 known in the art, i.e., the rate of absorption, biocavailability, metabolism, clearance, and the
like (see, e.g., Hidalgo-Aragones {1996) 1. Siervid Biochem. Mol Biol 58:611-617; Groning

(1996) Pharmazie 51:337-341; Fotherby (1996} Contraception 54:59-6%9; Johnson (1995 ./,



RN

16

36

WO 2016/061195

Pharm. Sci. 84:1144-1146; Robatagi (1995) Pharmazie 30:610-613; Brophy (1983) Fur. J
Clin, Pharmacol, 24:103-108; the latest Remington's, supra). The state of the art allows the
chinician to determine the dosage regimen for cach individual paticot, GR modulator and

disease or condition treated.

13134}  Single or multiple administrations of formulations can be adudnistered depending
on the dosage and frequency as required and tolerated by the patient. The formulations
should provide a sufficient quantity of active agent to effectively treat the disease state.
Thus, in one embediment, the pharmaceutical formulations for oral administration of the
compound of the present invention is 1u a daily amount of between about 0.5 to about 20 mg
per kilogram of body weight per day. In an alternative embodiment, dosages are from about
1 mg to about 4 mg per kg of body weight per patient per day are used. Lower dosages can
be used, particularly when the drug is administered to an anatomically secluded site, such as
the cerebral spinal fluid (CSF) space, m contrast to administration orally, into the blood
stream, into a body cavity or into a humen of an organ. Substantially higher dosages can be
used in topical administration. Actual methods for preparing parenterally administrable
formulations will be known or apparent to those skilled in the art and are described in more
detail in such publications as Remington's, supra. See also Nieman, In "Receptor Mediated

Antisteroid Action,” Agarwal, ¢t al,, eds., De Gruyter, New York (1987).

18138}  The compounds described herein can be used in combination with one another, with
other active agents known to be usefid in modulating a glucocorticoid receptor, or with
adjunctive agents that may not be cffective alone, but may coniribute to the efficacy of the

active agent.

[#136] In some embodiments, co-administration includes administering one active agent
within 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, or 24 hours of a second active agent. Co-
administration mcludes administering two active agents simultancously, approximately
simultancously {e.g., within about 1, §, 10, 15, 20, or 30 mimstes of each other), or
sequentially in any order. In some embodiments, co-administration can be accomplished by
co-formulation, i e., preparing a single pharmaceutical composition inchiding both active
agents. In other embodiments, the active agents can be formuldated separately. In another

embodiment, the active and/or adjunctive agents may be linked or conjugated to one another.

{81371 After a pharmaceatical composition inchiding a GR modulator of the invention has

been formulated in an acceptabie carrier, it can be placed in an appropriate container and

PCT/US2015/055487
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labeled for treatment of an indicated condition, For administration of compounds of the
present invention, such labeling would include, e.g., instructions concerning the amount,

frequency and method of administration.

[#138] The pharmaccutical compositions of the present invention can be provided as a salt
and can be formed with many acids, including but not limited to hydrochloric, sulfuric,
acetic, lactic, tartaric, malic, succinic, etc. Salts tend to be more soluble n agueous or other
protonic solvents that are the corresponding free base forms. In other cases, the preparation
may be a lyophilized powder in 1 mM-30 mM histidine, §.1%-2% sucrose, 2%-7% mannitol
at a pH range of 4.5 t0 5.5, that is combined with buffer prior to use.

1#33%] In another embodiment, the compositions of the present invention are useful for
parenteral administration, such as infravenous (1V) administration or administration into a
body cavity or lomen of an organ. The formulations for administration will commonly
comprise 8 selution of the compaositions of the present invention dissolved ina
pharmaceutically acceptable carrier. Among the acceptable vehicles and solvents that can be
eniployed are water and Ringer's solution, an isotonic sodium chloride. In addition, sterile
fizxed oils can conventionally be employed as a solvent or suspending medium. For this
purpose any bland fixed oil can be employed including syathetic mono- or diglycerides. In
addition, fatty acids such as oleic acid can likewise be used in the preparation of injectables.
These solutions are sterile and generally free of undesirable matter. These foroulations may
be sterilized by conventional, well known sterilization techniques. The formuilations may
contain pharmaceutically acceptable auxiliary substances as required to approximaie
physiological conditions such as pH adjusting and buffering agents, toxicity adjusting agends,
e.¢., sodium acetate, sodium chioride, potassitum chloride, calcium chloride, sodium lactate
and the fike. The concentration of the compositions of the present invention io these
formulations can vary widely, and will be sclected primarily based on fluid volumes,
viscositics, body weight, and the hike, in accordance with the particular mode of
administration selected and the patient’s needs. For TV administration, the formulation can be
a sicrile injectable preparation, such as a sterile injectable agueous or oleaginous suspension.
This suspension can be formulated according to the known art using those suitable dispersing
or wetting agents and suspending agents. The sterile injectable preparation can also be a
sterile injectable sclution or suspension in a nontoxic parenterally-acceptable diluent or

sobvent, such as a sohution of 1,3-butanedicl.
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Vi  Method of Treating Fatty Liver Discase

[#148] in some embodiments, the present invention provides a method of treating a
disorder or condition through modulating & glucocorticoid receptor, the method including
administering 1o a subject in need of such treatment, a therapeutically effective amount of a

compound of formula L

{6141} Insome other embodiments, the present invention provides a method of treating a
disorder or condition through sutagouizing a glucocorticoid receptor, the method including
administering to a subject in need of such treatment, an effective amount of the compound of

formula 1.

16142} In another embodiment, the present invention provides methods of modulating
nuclear receptor activity using the technigues described herein, In an exemplary
embodiment, the method includes contacting a GR and a MR with an effective amount of a
compound of the present invention, such as the compound of formula I, and detecting a

change in OR and MR activity.

#3431  in an exemplary embodiment, the nuclear modulator is an antagonist of GR and MR
activity. A muclear receptor antagomist, as used herem, refers to any composition or
compound which partially or completely inhibits {antagonizes) the binding of a
glucocorticoid receptor (GR) agonist {e.g. cortisol and synthetic or natural cortisol analog) to
a OR, and partially or completely inhibits {(antagonizes) the binding of a mineralocorticoid
receptor (MR} agonist (e.g. aldosterone and synthetic or natoral aldosterone analog) to a MR,
thereby inhibiting any biological response associated with the binding of a GR and a MR o
the agonist. In some embodiments, the nuclear receptor antagonist preferentially binds to the
GR and/or MR over the estrogen receptor (ER), progesterone receptor (PR) and/or the
androgen receptor (AR). The preference of the nuclear receptor antagonist for GR and/or
MR over the ER, PR and/or AR can be greater than at least 10:1. For exampie, the
preference can be at least 10:1, SG:1, 100:1, 500:1 or at least 1000:1. In some embodiments,
the nuclear receptor antagonist preferentially binds to the GR and/or MR over the ER, PR

and/or AR by at least 100:1.

18144}  in some embodiments, the nuclear veceptor antagonist of the present invention can
be used in combination with one or more treatments to amekhorate or reduce one or more

symptoms of fatty hiver disease. The nuclear antagonist can be administered to a patient with
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fatty Hver disease who is undergoing or has undergone lifestyle modifications, such as,
adoption of 3 weight loss regimen or caloric restriction, increased exercise, and/or avoidance
of alcohol or heptatoxins, The paticnt may undergo or have undergone weight-reduction
surgery {bariatric surgery). In some embodiments, the specific glucocorticoid receptor
antagonist is administered to an individual in combination with a therapeutic agent, such as
but not hmited to, propylthiouraci], infliximab, insulin, glucagon, calcium channel blockers,
antioxidants {e.g., vitarnin E), S-adenosyl-L-methionine {SAMe), silymarin, and
pentoxyfyiline to treat alcoholic related fatty liver disease including AFL and ASH. In other
embodiments, the specific glucocorticoid receplor antagonist is administered to an individual
with a therapeutic agent, such as but not Hioited to, a serotonin reuptake inlubitor,
sibutramine, orlistat, insulin-sensitizing agent {e.g., thisrolidinedione, rosiglitasone and
pioglitarone), Hpid-lowering agent (e.g., probucel}, antioxidants {e.g., vitamin E,
pentoxifyiline, betaine and N-acetylcysteine}, hepatoprotective therapy (e.g., ursodeoxychelic
acid), angiotensin-converting enzyme inhibitor, angiotensin-receptor block, metformin,
monounsaturated fatty acids, polyunsaturated fatty acids, and combinations thereof to treat

nonalcoholic fatty hiver disease inclading NASH.

Vi, Assays and Methods for Testing Compounds te Treat Fatty Liver Disease

{6145} The compounds of the present invention can be tested for their antiglucocorticoid
proportics. Methods of assaying compounds capable of modulating glucocorticoid receptor
activity are presented herein. Typically, compounds of the current invention are capable of
modidating nuclear receptor activity by binding to the noclera receptors such as GR and MR,
or by preventing GR and MR ligands from binding to the corresponding GR andMR. In

some embodiments, the compounds exhibit little or no cytotoxic cffect.

Al Binding Assays

#3146}  In some embodiments, noclear receptor modulators are identified by screening for
molecules that compete with a ligand of the nuclear receptor, such as dexamethasone. Those
of skill in the art will recognize that there are a number of ways to perform competitive
binding assays. In some embodiments, the nuclear receptor is pre-incubated with a labeled
nuclear receptor ligand and then contacted with a test compound. This type of competitive
binding assay may also be reforred to hercin as a binding displacement assay. Alteration

{e.g., a decrease) of the quantity of ligand bound to the nuclear receptor indicates that the

39



WO 2016/061195 PCT/US2015/055487

molecule is a potential nuclear receptor modulator. Alernatively, the binding of a test
compound to the nuclear recoptor can be measured directly with a labeled test compound.

This latter type of assay is called a direct binding assay.

#1477  Both direct binding assays and competitive binding assays can be used in a variety

RN

of different formats. The formats may be similar o those used in immunoassays and receptor
binding assays. For a description of different formats for binding assays, including
competitive binding assays and direct binding assays, see Basic and Clinical Immunoiogy Tth
Edition {D. Stites and A, Torr od.) 1991; Enzyme fmmuncassay, ET. Maggio, ed., CRC
Press, Boca Raton, Florida (1980); and "Practice and Theory of Enzyme Immounocassays,” P
10 Tissen, Laboratory Techniques in Biockemistry and Molecular Biology, Elsevier Science

Publishers B.V. Amsterdam {19385), cach of which is incorporated herein by reference.

[6148] In sohd phase competitive binding assays, for example, the sample compound can
compete with a labeled analyte for specific binding sites on a binding agent bound to a solid
surface. In this type of format, the labeled analyie can be a nuciear receptor ligand and the
15 binding agent can be nuclear receptor bound to a solid phase. Alternatively, the labeled
analyte can be labeled nuclear recepior and the binding agent can be a solid phase nuclear
receptor ligand. The concentration of labeled analyte bound to the capture agent is inversely

proportional o the ability of a test compound to compete in the binding assay.

(6149} Alicrpatively, the competitive binding assay may be conducted in Hquid phase, and

20 any of a variety of techuiques known in the art may be used to separate the bound labeled
protein from the unbound labeled protein. For example, several procedures have been
developed for distingoishing between bound ligand and excess bound hgand or between
bound test compound and the excess unbound test compound. These include identification of
the bound complex by sedimentation in sucrose gradients, gel clectrophoresis, or gel

25 isoelectric focusing; precipitation of the receptor-ligand complex with protamine sulfate or
adsorption on hydroxylapatite; and the removal of cabound compounds or Hgands by
adsorption on dextran-coated charcoal {DCC) or binding to tmmebilized antibedy. Following

separation, the amount of bound ligand or test compound is deterpuined.

[#158] Altomatively, a homogenous binding assay may be performed in which a scparation
30 step is not necded. For example, a label on the nuclear receptor may be altered by the
binding of the nuclear receptor to its ligand or test compound. This alteration in the labeled

nuclear receptor resulis in a decrease or increase in the signal emitted by label, so that
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measirement of the label at the end of the binding assay allows for detection or quantitation
of the nuclear recopior in the bound state. A wide varicty of labels may be used. The
component may be labeled by any one of several methods. Usetul radioactive labels include

b5, 150 1 O o )
125 3¢ Mo or PP, Useful non-radioactive labels include those

those incorporating “H,
ncorporating fluorophores, chemiluminescent agents, phosphorescent agents,
clectrochemiluminescent agents, and the like. Fluorescent agents arc cspecially usefol in
analytical techniques that arc used to deteet shifts in protein structure such as fluorescence
anisotropy and/or fluorescence polarization. The choice of label depends on sensitivity
required, case of conjugation with the compound, stability requirements, and available
mstrumentation. For a review of vartous labeling or signal producing systems which may be
used, see U.S. Patent No. 4,391,904, which is incorporated herein by reference in its entirety
for all purposes. The label may be coupled directly or indirectly to the desired component of

the assay according to methods well known in the art.

[#853} High-throughput screening methods may be used to assay a large number of
potential modulator compounds. Such "compound libraries” are then screened in one or more
assays, as described herein, to identify those library members (particular chemical species or
subclasses) that display a desired characteristic activity. Preparation and screening of
chemical libraries is well known {o those of skill in the art, Devices for the preparation of
chemical libraries are commercially available {see, e.g., 357 MPS, 390 MPS, Advanced
Chem Tech, Louisville KY, Symphony, Rainm, Woburn, MA, 433A Apphied Biosystems,
Foster City, CA, 9050 Plus, Millipore, Bedford, MA),

B. Cell-Based Assays

18152} Cell-based assays involve whole cells or cell fractions containing nuclear receptor to
assay for binding or modulation of activity of nuclear receptor by 2 compound of the present
mvention. Exemplary cell types that can be used according to the methods of the invention
imchide, e.¢., any mammalian cells including leukocytes sach as neotrophils, monoceytes,
macrophages, cosinophils, basophils, mast cells, and yvmphocytes, such as T cells and B
cells, leukemias, Burkitt's lymphomas, tumor cells (including mouse mammary tumor virus
cells), endothelial cells, fibroblasts, cardiac cells, muscle cells, breast tumor cells, ovarian
cancer carcinomas, cervical carcinomas, ghoblastomas, liver cells, kidney cells, and neuronal

cells, as well as fumgal cells, including yeast. Cells can be primary cells or tumor cells or
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other types of immortal cell ines. Of course, nuclear receptor can be expressed in cells that

do not express an endogenous version of nuclear receptor.

{81831 insome cases, fragments of nuclear receptor, as well as protein fusions, can be used
for screening. When molecules that compete for binding with nuclear receptor ligands are
desired, the nuclear receptor fragments used are fragments capable of binding the ligands
{(e.g., dexamethasone). Aliernatively, any fragment of nuclear receptor can be used as a
target to identify molecules that bind nuclear receptor. nuclear receptor fragments can
inchude any fragment of, e.g., at least 20, 30, 40, 50 amino acids up to a protein containing all
but one amine acid of muclear receptor. Typically, ligand-binding fragments will comprise

transmembrane regions and/or most or all of the extracelldar domains of nuclear receptor.

1154}  To some embodiments, signaling triggered by nuclear receptor activation is used to
identify nuclear receptor modulators, Signaling activity of muclear receptor can be
determined in many ways. For example, downstream molecolar evenis can be monitored to
determine signaling activity. Downstream events include those activities or manifestations
that occur as a result of stimulation of a nuclear receptor receptor. Exemplary downstream
events usefol in the functional evaluation of transeriptional activation and antagonism in
unaltered cells include upregulation of a number of response element {RE)-dependent genes
(PEPCK, tyrosine amino transferase, aromatase). In addition, specific cell types susceptible
to nuclear receptor activation may be used, such as osteccalein expression in osteoblasts
which is downregulated by ghwocorticoids; primary hepatocytes which exhibit nuclear
receptor mediated upregulation of PEPCK and glucose-6-phospahite (G-6-Pase)). RE-
mediated goue expression has also been demonstrated in transfected cell lines using well-
known RE-regulated sequences {e.g. the mouse mammary tumor virus promoter {MMTV)
transfected upstream of  reporter gene construct). Examples of useful reporter gene
constructs include huciferase (hue), alkaline phosphatase (ALP) and chloramphenicol acetyl
wransferase {CAT). The functional evaloation of transcriptional repression can be carried out
in cell lines such as monocytes or human skin fibroblasts. Useful functional assays inchude
those that measure 1E-1beta stimulated 11.-6 expression; the downregulation of collagenase,
cyclooxygenase-2 and various chemokines (MCP-1, RANTES); or expression of genes

regulated by NF-xB or AP-1 transcription factors in transfected cell-lines.

1#188)  Typically, compounds that are tested in whole-cell assays are also tested ina

cytotoxicity assay, Cytotoxicity assays are used to determine the extent to which a perceived
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modulating effect is due to non-noclear receptor binding celludar effects. T an exemplary
embodiment, the cytotoxicity assay includes contacting a constitutively active cell with the

test compound. Any decrease in cellular activity indicates a cytotoxic effect.

. Specificity

S [8186] The compounds of the present mvention may be subject to a specificity assay (also
referred to herein as a sclectivity assay). Typically, specificity assays include testing a
compound that binds nuclear receptor iz virro or in a cell-based assay for the degree of
binding to non-miclear recoptor proteins. Selectivity assays may be performed in vitro or In
cell based systems, as described above. Nuclear receptor binding may be tested againsi any

10 appropriate non-nuclear receptor protein, including antibodies, receptors, enzymes, and the
like. In an exemplary embodiment, the non-nuclear receptor binding protein is a cell-sarface
receptor or nuclear receptor. In another exemplary embodiment, the non-noclear receptor
protein is a steroid receptor, such as estrogen receptor, progesterone receptor, or androgen

recepior.

15 (8187} The terms and expressions which have been employed herein are used as terms of
description and ot of lmitation, and there is ne intention in the use of such terms and
expressions of excluding equivalents of the features shown and deseribed, or portions thereof,
it being recognized that various modifications are possible within the scope of the invention
claimed. Morcover, any one or more features of any embodiment of the invention may be

20 combined with any one or more other features of any other cmbodiment of the invention,
without departing from the scope of the invention. For example, the features of the nuclear
receptor modulator compounds are equally applicable to the methods of treating discase
states and/or the pharmaceutical compositions described herein. All publications, patents,

and patent applications cited herein are hereby incorporated by reference in their entirety for

b
N

all purposes.

VIIE. Examples

Example 1. GR reporter cene assay using SWI3ISI/MMTV-S cells

[B188] SWI353/MMTV-5 is an adherent human chondrosarcoma cell line that containg
endogenous glicocorticoid receptors. It was transfected with a plasmid (pMAMz#neo-Luc)

30 encoding firefly fuciferase located behind a glucocorticoid-responsive element (GRE) derived
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from a viral promoter (long terminal repeat of mouse mammary tomor virus). A stable cell
lne SW1353/MMTV-5 was sclected with geneticin, which was required to maintain this
plasmid. This cell line was thus sensitive to glucocorticoids (dexamethasone) leading to
expression of luciforase (BCso™ 10nM). This dexamethasone-induced response was
gradualiy lost over time, and 2 new culture from an carhier passage was started (from a ¢ryo-

stored aliquot) every threc months,

MMTV-5 cells

[#859] inorder to test for a GR-antagomnist, such as Compound 1, SW1353
were incubated with soveral dilutions of the compounds in the presence of SxECs™™ (S0nM),
and the inhibttion of induced huciferase expression was measured using fuminescence
detected on a Topeount {Britelite Plus kit, Perking Elmer). For each assay, a dose-response
curve for dexamethasone was prepared in order to determine the ECs™ required for

caiculating the K, from the 1Csp of the tost compound, e.g., Compound 1.

[@i68] SWIZSIH/MMTV-S cells were distributed in 96-well plates and incubated in medium
{(without geneticin) for 24hrs. Dilutions of the test compound in medium + 50nM
dexamethasone were added and the plates further incubated for another 24 hours after which

the luciferase expression is measured.

13161}  Compound | 1s named (E)-6-{(4-phenyleyelohexyh-5-3-riflaoromethytbenzy - 1H-
pyrimidine-2 4-dione or 6-{{1r,4r)-4-phenyleyclohexyi)-5-(3-
{(trifluoromethylibenzylpyrimidine-2,4(1H,3H)-dione, and has the chemical structure shown

below,

(0162} Compound 1 15 an antagonist of the ghucocorticoid receptor (GRU). In reporter

gene assays, Compound 1 has a K; of 24 nM for GR.
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Exampie 2. MR and PR reporter cene assavs using T47D/MMTV-8 cells.

[8163F T47D/MMTV-5 is an adherent human breast carcinoma cell line containing
endogenous nineralocorticoid and progesterone receptors (PR). As described for the
SW13S3 cell line above, T47D cells were transfected with the same pMAMueo-Luc plasmid,
and stable lines were selected with geneticin, A cell fine T47D/MMTV-5 was isolated, which
responded to aldosterone (ECsy 100aM) and progesterone (ECsy 10nM), leading to expression
of huciferase. To test for MR or PR antagonists, the T47D/MMTV -5 cells were incubated
with several dilutions of the compounds in the presence of § times the ECsg of the agonist
aldosterone or progesterone. For cach assay, a dose response curve was prepared for both

aldostreone and progesterone.

[#164] T47D/MMTV-S calls were distributed in 96-well plates (100 1) in RPMI540
medium + 10% charcoal stripped FCS. The cells were incubated for 24 hours ina COy oven.
A volume of 100ul of the compound dilutions in medium + agonist (300nM aldosterone,
50uM progesterone) were added, and the plates were meubated for another 24 hours, after

which lociferase expression was measured.

[8165] Compound 1 15 an antagounist of the mineralocorticeid receptor (MR, GRIY. In
reporter gene assays, Compound 1 has a K; of 148nM for MR, Compound 1 is inactive ina

progesterone receptor reporter gene assay.

Example 3. Determination of liver linids in mice fed a hish fat diet

[@i66] C37B16/] mice (n= 8 per group) were given a high fat dict {60% fat) for three
weeks and then sacrificed. Livers were collected and weighed. Liver slices were prepared
and analysed for lipid levels by (il Red O staining (Figures 1 and 3). One group of mice
received Compound 1 mixed in the food (60mg/kg/day) whilst another group of mice
recetved vehicle mixed in the food. The livers of Compound Hed mice had no or low level
of lipid droplets {(Figure 2A), while the control mice had more lipid droplets (Figure 2B). An
additional group received mifepristone (RU-486; 60mg/kg/day) in the food. Compound 1 has
(R antagonist activity and some MR antagonist activity. The data shows that mifepristone
caused ncreased fatty bver comapared to the controls. Compound 1 bad an opposite effect

and did not induce fatty lver.
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{81671 In a separate experiment (Figure 4), the acaumolation of fat in the Hvers of mice fed
a high fat diet (60% fat) and then sacrificed was determined by homogenizing the livers and

extracting triglycerides. This experiment included 5 groups of mice:
Group 1 (“CHOW™): normal diet for 6 weeks;

Group 2 (“HF-3wks”): high fat diet for 3 weeks;

Group 3 (“"HF-6wks”}): high fat dict for 6 weeks;

Group 4 (“HF+118335-6wks™}: high fat dict and Compound 1 for 6 weeks;

Group 5 (“HF-118335 rev™): high fat dict for 3 weeks followed by high fat diet and

Compound 1 for 3 weeks,

Example 4. GR Protein:protein interaction assay

{168} Proteiniprotein interaction assays were used to determine the ability of test
compoumds 10 act as antagonists of the glacocorticoid receptor and/or mineralocorticoid
receptor. These assays otilize a commercial assay platform provided by DiscoveRx Corp.
(Fremont, CA). DiscoveRx technology is based on B-galactosidase cnzyme fragmoent
complementation using a lominogenic substrate. Briefly, Chincse bamster ovary celis (CHO-
K1} have been enginecred to express cither human recombinant GR or MR together with a
steroid responsive coactivator protein {SRCP) called PGC Lo {peroxisome proliferator
activated receptor gamma coactivator o). The assay measures the net outcome of GR or
MR activation, i.e., nuclear franslocation from the cytoplasm and interaction of the GR or
MR with the coactivator PGClo in the cell nuclens. The assay can be configured in both

agonist and antagonist modes.

[#169]  The cells (100 ul) were plated into 96 well plates and placed in a 37° C, 3% CO,
incubator for 24 hours. After removing the cells from the incubator, 5 il of test compound or
vehicle was added to cach well, and the plates were incubated for 1 hour at 37° C, 5% CO,.
Dexamcthasone (5 pl of 792 oM solution) or vehicle was added to cach well of the plates,

y

and the plates were incubated for 6 hours at 37° C, 5% €0, The detection reagent was
added, 55 pl per well, and the plates were incubated at room temperature 1o the dark without
mixing. The plates were read for huminescence using an EnVision™ plate reader (3 hour read).
Luminescence values were expressed as a pereent inhibition (% inhibition) of 36 nM

dexamethasone, and K values were caleulated from the experimentally determined ICso
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values using the Cheng-Prusoff equation. It was determined that Compound 1 has a K; of

118 oM in this assay.

Example 5. MR Protein:protein interaction assay

[#176] The cells (100 ul) were plated into 96 well plates and placed In a 377 C, 5% CO;
incubator for 24 hours, After removing the cells from the incubator, § ul of test compound or
vehicle was added to cach well, and the plates were incubated for 1 hour at 37° C, 5% COy.
Aldosterone (§ ul of 88 nM solution) or vehicle was added to each well of the plates, and the
plates were incubated for 6 hours at 37° C, 5% CO,. The detection reagent was added, S5 ul
per well, and the plates were incubated at room teraperature in the dark without mixing. The
plates were read for luminescence using an EnVision” (Perkin Elmer, Walthan, MA) plate
reader (3 hour read). Luminescence values were expressed as a percent inhibition (%
mhibition) of 4 nM aldosterone, and K; values were calculated from the experimentally
determined 1Csp vahies using the Cheng-Prusoff equation. It was determined that Compound

1 has a K; of 125 nM in this assay.

{8171}  Although the forcgoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, one of skill 1o the art will
appreciate that certain changes and modifications may be practiced within the scope of the
appended claims. In addition, cach reference provided herein is incorporated by reference in
its gutirety 1o the samge extent as if cach reference was individually jncorporated by reference.
Where a conflict exists between the instant application and a reference provided herein, the

mstant application shall dowinate.
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Claims:

1. A method of treating fatty liver disease, comprising administering to a subject in
need thererof, a therapeutically effective amount of a compound of formula Id, thereby

treating the fatty liver disease, wherein the compound of formula Id has the structure:

\_(R4)1-4
7 (1d)
wherein
each R'*is independently H, Ci. alkyl, halogen, or Ci.¢ haloalkyl;
R?is H, or Ci alkyl; and
each R*is H, Ci alkyl, halogen, or Ci. haloalkyl;

or is a salt or isomer thereof.,

2. The method of claim 1, wherein the fatty liver disease is alcohol related liver
disease (ARLD) or nonalcoholic fatty liver disease (NAFLD).

3. The method of claim 2, wherein the alcohol related liver disease is alcohol fatty

liver disease (AFL), alcoholic steatohepatitis (ASH) or alcoholic cirrhosis.

4. The method of claim 2, wherein the nonalcoholic fatty liver disease is

nonalcoholic steatohepatitis (NASH) or nonalcoholic cirrhosis.
5. The method of any one of claims 1 to 4, wherein each R'? is C.¢ haloalkyl.

6. The method of any one of claims 1 to 4, ,wherein each R!*is independently

selected from the group consisting of H, Me, Et, F, CI, or -CFs.
7. The method of any one of claims 1 to 4, wherein each R!* is -CF;.

8. The method of any one of claims 1 to 7, wherein R? is H.
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9. The method of claim 1, wherein the compound is selected from the group

consisting of:
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or a salt thereof.

10. The method of claim 1, having the formula:
CF3
o)
ey

or a salt thereof.

11. The method according to any one of claims 1 to 10, wherein said compound is a

glucocorticoid receptor antagonist.

12. The method according to any one of claims 1 to 10, wherein said compound is a

mineralocorticoid receptor antagonist.

13. The method according to any one of claims 1 to 10, wherein said compound is an

antagonist of glucocorticoid receptor and mineralocorticoid receptor activity.

14. The method according to any one of claims 1 to 10, wherein said compound is a
mineralocorticoid receptor antagonist and has an inhibition constant (Ki) against the

glucocorticoid receptor of between about 0.0001 nanomolar (nM) and about 1000 nM.
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15. Use of a compound of Formula Id, for the manufacture of a medicament for

treating fatty liver disease, wherein the compound of Formula Id has the structure

wherein
each R'*is independently H, C\. alkyl, halogen, or Ci.¢ haloalkyl;
R?is H, or Ci alkyl; and
each R*is H, Ci alkyl, halogen, or Ci.¢ haloalkyl;

or is a salt or isomer thereof.

Corcept Therapeutics, Inc.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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