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(57) Abstract: The present disclosure is directed to methods of treating fibrotic conditions by administration of TRf agonists. The
disclosure provides methods wherein the abnormal deposition of extracellular matrix components, such as collagen, keratin, or elastin,
is reduced, either through interaction of TR agonists with TGF-3 —dependent inflammatory pathways, or by other mechanisms, thereby
ameliorating fibrotic symptoms.
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COMPOSITIONS FOR THE TREATMENT OF FIBROSIES

FIELD
[0001] The compositions and methods of the present disclosure relate generally to
the field of treatments for fibrotic disease.
BACKGROUND

[0002] Fibrosis 1s a pathogenic hallmark of a vast number of conditions,
mplicating a wide varnety of tissues, among them the hver {eg, non-alcoholic
steatohepatitis, glvcogen storage disease type IX, cirrhosis), the lung {eg., chromc
mterstitial lung disease, pneumoconiosis, silicosis, emphysema, fibrosing lung diseases,
idiopathic pulmonary fibrosis, nonspecific interstitial pneumonia, cryptogenic organizing
pneumonia), the vasculature (e.g., diffuse mterstitial fibrosis; atherosclerosis), the heart {e.g.,
cardiac fibrosis; atnial fibrosis; endomyocardial fibrosis), the skin (e.g, keloid lesions,
nephrogenic systemic fibrosis, scleroderma), joints and interstitial tissues {e.g,
arthrofibrosis, Dupuytren’s disease), the pancreas {e.g., pancreatitis), the mouth (e.g., fibrous
proliferative lesions of the oral cavity}, the gut (e g, fibrosing strictures, for exarmple, related
to Crohn's disease), the brain (ghal scarring, leptomeningeal fibrosis associated with
bacterial meningitis). Fibrosis may also result from environmental insults or a variety of
injuries, such as, for example, exposure to ionizing radiation {(such as dunng cancer
treatments), as a result of cystic rupture in the breast, {causing palpable lesions in mammary
tissue), and generally as a result of overdeposition of collagen following a wound or tissue
insult, such as after injury or surgery.

[6003] While some types of fibrosis mvolve underlying genetic predispositions
{e.g., Dupuytren’s disease)}, most types involve prolonged mflammation of the affected tissue
(e.g., hepatic fibroses and pneumoconial fibroses). Symptoms may be as minor as pruritis
and aesthetic concerns {e.g., n the case of keloid lesions of the skin} or as significant as
pulmonary failure and death (e.g., as terminal symptoms of pulmonary fibroses and cardiac

fibroses). While fibrosis 1s essentially irreversible once established, treatments exist to slow
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the progression of various fibrotic conditions, or to ameliorate fibrosts or fibrotic conditions.
Current antifibrotic treatments include anti-inflammatory compounds such as pirfenidone and
fibroblast growth factor receptor antagonist nintedanib. For dermal and subdermal fibroses,
examples of current therapies include surgery, phototherapy and mjections of Clostridium
histolyticum collagenase. However, due to the irreversible nature of the vartous fibroses, as
well as the limited efficacy of current therapies, there remains a need for additional

therapeutic approaches to this class of conditions.

SUMMARY
[0004] Disclosed herein are methods of treating fibroses, fibrotic conditions or
fibrotic symptoms 1n a subject in need thereof comprising administering to said subject at

least one compound of Formula It

or a pharmaceutically acceptable salt thereof, wherein:

G 1s selected from the group consisting of —(Q—, —S—, —8{=0}—, — S(=0)—, —Se—
—CH)—, —(F—, —CHF—, —(C(0)—, —CH(OH)—, —CH(C-Cy alkyl)-, —CH(C;-Cy
atkoxy}-, —C{=CHy}-—,—NH-—, and —N{C;-C; alkyl)-;

T is selected from the group consisting of —(CR%p— ~—CR"=CR{CR")y—, —

(CR%)—CR™=CR—  —(CR%)—CR*=CR'—(CR"))—, —O(CRMCRY)—  —
S(CRMYCR DIn—,  NEWCRICRY)—,  NERDCONCRY),, —CONCR Yy—, —
(CRYLC(Oy—, — — (CRIC(OXCRY),, (CR%LC(ONCRY)—, and

k 1s an integer from 1-4;
m s an integer from 0-3;
i is an integer from 0-2;

p is an integer from O-1;
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each R” is independently selected from the group consisting of hydrogen, optionally
substituted —C-Cy alkyl, halogen, —OH, optionally substituted —0O—C;-Cy alkyl, —
OCFs, optionally substituted —8—C,-Cy alkyl, —NRR®, optionally substituted —C5-Cy
alkenyl, and optionally substituted —C,-Cy alkynyl: with the proviso that when one R" is
attached to C through an O, 8, or N atom, then the other R attached to the same C is a
hydrogen, or attached via a carbon atom;

each R' is independenily selected from the group consisting of hydrogen and optionally
substituted —C-Cy alkyl;

each R" is independently selected from the group consisting of hydrogen and optionally
substituted —C-Cy alkyl, optionally substituted —C{0}—C;-Cy alkyl, and —C(O)H;

R, and R? are each independently selected from the group consisting of halogen, optionaily
substituted —C-Cy alkyl, optionally substituted —S—C-C; alkyl, optionally substituted —
Cy-Cy  alkynyl, —CF,, —OCF;, optionally

Cy-Cy  alkenyl, optionally substituted
substituted—QO—C,-C; alkyl, and cvano;
R’ R’ R® and R’ are each independently selected from the group consisting of are each
mdependently selected from the group consisting of hydrogen, halogen, optionally
substituted —C C1-Cy alkyl, optionally substituted —S—C-C5 alkyl, optionally substituted
—C4-Cy alkenyl, optionally substituted —C,-Cy alkynyl, —CFy, —OCF;, optionally
substituted—O-—C-Cs alkyl, and cyano; or R® and T are taken together along with the
carbons they are attached to form a ring of 5 to 6 atoms ncluding 0 to 2 heteroatoms
independently selected from —NR'— —O0—, and —S—, with the proviso that when there
are 2 hetercatoms in the ring and both hetercatoms are different than nitrogen then both
hetercatoms have to be separated by at least one carbon atom; and X 1s attached to this ring
by a direct bond to a ring carbon, or by —{CR"}— or —C{0}— bonded to a ring carbon or a
ring nitrogen;

R’ is selected from the group consisting of hydrogen, —C(O)(;-Cy alkyl, —C;-Cy alkyl, and

R* and R” are independently selected from the group consisting of hydrogen, halogen, —CFs,
—OCF;, cyano, optionally substituted —C;-Cyy alkyl, optionally substituted —C,-Cyy
alkenyl, optionally substituted —C5-Ciy alkynyl, —8R% —S$(=0)R®, —S(=0nR", —
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S(=0RNR'RE,  —COOR", —C{OR®, —NRHCOINRRE,  —NERMS(=OLRE, —
N(R")S(=0)LNR'R?, and —NR'RE,

each RY is selected from the group consisting of optionally substituted —C-Cyy alkyl,
optionally substituted —C5-Cy, alkenyl, optionally substituted —C,-Cry alkynyl, optionally
substituted —(CR,), aryl, optionally substituted —(CR",), cycloalkyl, optionally substituted
—(CR"), heterocycloalkyl, and —C(O)NR'RE,

each R® is selected from the group consisting of optionally substituted —C-Cyy alkyl,
optionally substituted —C,-Cy; alkenyl, optionally substituted —(5-Cy5 alkynyl, optionally
substituted —{(CR% ), aryl, optionally substituted —(CR"%), cycloalkyl, and optionally
substituted —(CR"), heterocycloalkyl;

R and RE are each independently selected from the group consisting of hydrogen, optionaily
substituted —C1-Cyy alkyl, optionally substituted —C;—Cy; alkenyl, optionally substituted
—4-Cyy alkynyl, optionally substituted —(C,sz)n arvl, optionally substituted —(CRbg)n
eycloalkyl, and optionally substituted —(CR",), heterocycloalkyl, or R and R® may together
form an optionally substituted heterocyclic ring, which may contain a second heterogroup
selected from the group consisting of O, NR", and 8, wherein said optionally substituted
heterocyclic ring may be substituted with 0-4 substituents selected from the group consisting
of optionally substituted —C-Cy alkyl, —OR" oxo, cvano, —CFs, optionally substituted
phenyl, and —C{(OOR",

each R" i3 selected from the group consisting of optionally substituted —C-Cpp alkyl,
optionally substituted —C,-C» alkenyl, optionally substituted —C;-Cy, alkynyl, optionally
substituted —(CR%), aryl, optionally substituted —(CR",), cycloalkyl, and optionally
substituted —(CRY% ). heterocycloalkyl;

R is selected from the group consisting of —OH, optionally substituted ~—0C;-Cy alkyl,
OC(O)R°, —OC(OOR", —F, —NHCOR®, —NHS(=0)R®, —NHS(=0)R®, —
NHC(=S)NH(R"), and —NHC(OINH(R";

X is PIOYYR' YR,

Y and Y' are each independently selected from the group consisting of —0—, and —NR'—;
when Y and Y’ are —O—, R'! attached to —O— is independently selected from the group
consisting of —H, alkyl, optionally substituted aryl, optionally substituted heterocycloalkyl,

optionally substituted CH;-heterocycloakyl wherem the cyclic moiety contains a carbonate or

4
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thiocarbonate, optionally substituted -alkylaryl, —C{R"OC(OINR” 5, —NR“—C(O)}—R’,
—C(R)—OCOR’, —C(RH—0—C(O)0R’, —CRLOC(O)SR’, -alkyl-S—C{OHR’, -
altkyl-5—=8-alkylhydroxy, and -alkyl-8—8—S8-alkylhydroxy;

when Y and Y' are —NR'—, then R" attached to —NR'— is independently selected from
the group consisting of —H, —[C(R"pl—COORY, —CRLCOORY, —[CR]—
C(O)SR’, and -cycloalkylene-COOR’;

when Y is —O— and Y’ is NR”, then R"' attached to —O— is independently selected from
the group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CHi-heterocycloakyl wherein the cyche muotety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C{R",GC{OINR",,
—NR—C(O)—R, —C(R,—OCOR’, —C(R")H»—0—C(OYORY, —C(R"HOC(O)SKRY, -
alkyl-§—C(ORY, -alkyl-8—S-alkylhydroxy, and -alkyl-8—S8-—S8-alkylhydroxy; and R
attached to —NR'— is independently selected from the group consisting of H, —[C(R"h]—
COOR’, —C(R™)HCOOR’, —[C(R" 11— C(O)SR’, and -cycloalkylene-COOR”;

or when Y and Y’ are independently selected from —O-— and NR', then together R' and R’

are -alkyl-8—S-alkyl- to form a cyclic group, or together R and R'' are the group:

(j\\ %\
=

j.
W’

wherein:

YV, W, and W' are independently selected from the group consisting of hydrogen, optionaily
substituted alkyl, optionally substituted aralkyl, heterocycloalkyl, arvl, substituted aryl,
heteroaryl, substituted heteroaryl, optionally substituted 1-alkenvl, and optionally substituted

1-alkynyl;
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or together V and Z are connected via an additional 3-5 atoms to form a cychic group
contatning S5-7 atoms, wherein 0-1 atoms are heteroatoms and the remaining atoms are
carbon, substituted with hydroxy, acyloxy, alkylthiocarbonyloxy, alkoxycarbonyloxy, or
arvloxycarbonyloxy attached to a carbon atom that 13 three atoms from both Y groups
attached to the phosphorus;

or together V and £ are connected via an additional 3-5 atoms to form a cychic group,
wherein (-1 atoms are heteroatoms and the remaining atoms are carbon, that 1s fused to an
aryl group at the beta and gamma position to the Y attached to the phosphorus;

or together V and W are connected via an additional 3 carbon atoms to form an optionally
substituted cvclic group containing 6 carbon atoms and substituted with one substituent
selected from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy,
atkvithiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said carbon atoms that 1s
three atoms from a Y attached to the phosphorus;

or together 7 and W are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are hetercatoms and the remaining atoms are carbon, and V must be aryl,
substituted aryl, heteroaryl, or substituted heteroaryl;

or together W and W' are connected via an additional 2-5 atoms to form a cyclic group,
wherein 0-2 atoms are heterocatoms and the remaining atoms are carbon, and V must be aryl,
substituted aryl, heteroaryi, or substituted heteroaryl;

7 is selected from the group consisting of —CHROH, —CHR'OC(O)R',—CHROC(S)R’,
—CHR'QC{SYOR’, —CHROC(O)SR', —CHR"OCO;R', —OR”, —SR”, —CHR'N;, —
CHy-aryl, —CH{ary)OH, —CH(CH=CR"))OH, —CH{C=CR"H0OH, —R" —NR%, —
OCORY, —OCORY, —SCORY, —SCORY, —NHCOR’, —NHCO,RY, —CH;NH-aryl, —
(CH)g—OR?, and —(CHa)g—SR%

q 1s an integer 2 or 3;

each R” is selected from the group consisting of RY and —H;

each R’ is selected from the group consisting of alkyl, aryl, heterocycloalkyl, and aralkyl;
each R is independently selected from the group consisting of —H, and alkyl, or together R*
and R™ form a cyclic alkyl group; and

each R’ is selected from the group consisting of —H, lower alkyl acvioxyalkyl,

alkoxycarbonyloxyalkyl, and lower acyl.



WO 2018/226604 PCT/US2018/035909

[0005] According to the methods and compositions described herein, the

compound to be admunistered may comprise one or more of the compounds having a

structure selected from the group consisting of:

{(Compound 1),

\) .
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(Compound 2},

O {Compound 3}, and

{(Compound 4}, or pharmaceutically acceptable
salts thereof.

[6006] According to the methods and compositions disclosed herein, the
compounds described above may be administered to treat, ameliorate, prevent, or cure one or
more fibrotic conditions selected from glycogen storage disease type I (GSD HI), ¢lycogen

storage disease type VI {GSD VI), glvcogen storage disease type IX (GSD IX), non-

~3
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alcoholic steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic fatty liver
disease, atherosclerosis, asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis,
pancreatic fibrosis, bone-marrow fibrosis, liver fibrosis, cirrhosis of liver and galibladder,
fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, diffuse parenchymal
lung disease, 1diopathic interstitial fibrosis, diffuse interstitial fibrosis, interstitial
pneumonttis, desquamative interstitial pneumonia, respiratory bronchiolitis, interstitial lung
disease, chronic interstitial lung disease, acute interstitial pneumonitis, hypersensitivity
pneumonitis, nonspecific interstittal preumonia, cryptogenic organizing pnewmnonia,
lymphoeytic interstitial pneumonia, pneumoconiosis, silicosis, emphysema, interstifial
fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis, endomyocardial
fibrosis, renal fibrosis, chronic kidney disease, Type Il diabetes, macular degeneration,
keloid lesions, hypertrophic scar, nephrogenic systemic fibrosis, mjection fibrosis,
complications of surgery, fibrotic chronic allograft vasculopathy and/or chronic rejection in
transplanted organs, fibrosis associated with ischemic reperfusion injury, post-vasectomy
pain syndrome, fibrosis associated with rheumatoid arthritis, arthrofibrosts, Dupuytren’s
disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous proliferative
lesions of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, ghal scarring,
leptomeningeal fibrosis, meningitis, systemic lupus erythematosus, fibrosis due to radiation
exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis, psoriasis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposition of extraceliular matrix components, such as
collagen, which may be affected by interventions within the TRP pathway, or any
combination thereof. The methods and compositions according to the present disclosure may
comprise 3 primary fibrosis, or a condition n which said fibrosis, fibrotic condition or
fibrotic symptom is secondary to or symptomatic of another condition.

6067} In some embodimenis according to the methods and compositions as
disclosed heremn, said fibrosis, fibrotic condition or fibrotic symptom may comprise one or
more of scleroderma, atherosclerosis, cardiac fibrosis, organ transplant fibrosis, muscle
fibrosis, pancreatic fibrosis, bone-marrow fibrosis, liver fibrosis, fibrosis of the spleen,
pulmonary fibrosis, idiopathic pulmonary fibrosis, 1diopathic mterstitial fibrosis, diffuse

mterstitial fibrosis, mterstitial lung disease, chronic interstitial lung disease, pneumoconiosis,

8-
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silicosis, mterstitial fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, airial fibrosis,
endomyocardial fibrosis, renal fibrosis, macular degeneration, keloid lesions, hypertrophic
scar, nephrogenic systemic fibrosis, injection fibrosis, fibrotic complications of surgery,
fibrotic chronic allograft vasculopathy, fibrosis associated with ischemic reperfusion injury,
arthrofibrosis, Dupuytren’s disease, fibrous proliferative lesions of the oral cavity, fibrosing
mtestinal strictures, glial scarring, leptomeningeal fibrosis, fibrosis due to radiation exposure,
fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis, progressive
massive fibrosis or any combination thereof.

[0008] In some other embodiments, said fibrosis, fibrotic condition or fibrotic
symptom may be secondary to one or more of glycogen storage disease type I (GSD 1),

glycogen storage disease tvpe VI (GSD Vi), glycogen storage disease type IX (GSD IX),

> 8
non-alcoholic steatohepatitis (NASH), cirrhosts, hepatitis, scleroderma, alcoholic fatty liver
disease, atherosclerosis, asthma, cirthosis of the gallbladder, diffuse parenchymal lung
disease, interstitial pneumonitis, desquamative interstitial pneumonia, respiratory
bronchiolitis, interstitial lung disease, chronic interstitial lung disease, acute interstitial
pneumonitis, hypersensitivity pneumonitis, nonspecific interstitial pneumonia, cryptogenic
organizing pneumonia, lymphocytic interstitial pneumonia, emphysema, chronic kidney
disease, Type Il diabetes, macular degeneration, chronic rejection in transplanted organs,
post-vasectomy pain syndrome, rheumatoid arthritis, dermatomyositis-polymyositis, mixed
connective tissue disease, Crohn’s disease, meningitis, systemic lupus erythematosus, or
symptoms or sequelae thereof, or other diseases or conditions resulting in the excessive
deposition of extracellular matrix components, such as collagen, which may be affected by
mterventions within the TR pathway, or any combination thereof.

(0009 in some other embodiments, said fibrosis, fibrotic condition or fibrotic
symptom may comprise a symptom or sequela of GSD I, GSD IX, Non Alcoholic
Steatohepatitis, cirrhosis of the hiver or pascreas, Dupuyiren’s disease, scleroderma,
wdiopathic pulmonary fibrosis, or alcoholic fatty liver disease, or any combination thereof,

[0010] The methods and compositions of the present disclosure may further
comprise a method of treating a fibrosis, a fibrotic condition or a fibrotic symptom n a

subject, comprising adnunistering one or more of

0.
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to a subject in need thereof.

(6011} The methods and compositions according to the present disclosure further
provide for the administration of one or more of the compounds listed above to a subject,
wherein said subject has one or more conditions selected from glycogen storage disease type
HI (GSD ), glycogen storage disease type VI (GSD VI), glycogen storage disease type X
(GSD IX), hepatitis, scleroderma, atherosclerosis, asthma, cardiac fibrosis, organ transplant
fibrosts, muscle fibrosis, pancreatic fibrosis, bone-marrow fibrosis, hver fibrosis, cirrhosis of
the gallbladder, fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis,
diffuse parenchymal lung disease, idiopathic interstitial fibrosis, diffuse interstitial fibrosis,

mterstitial pneumonitis, desquamative interstitial pneumonia, respiratory bronchiolitis,

-10-
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mterstitial lung disease, chronic mterstitial hung disease, acute mterstiial pneumonitis,
hypersensitivity pneumontiis, nonspecific interstiial pneumonia, cryptogenic organizing
pneumonta, lymphocytic interstitial pneumonia, pneumoconiosis, silicosis, emphysema,
interstitial fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis,
endomyocardial fibrosis, renal fibrosis, chronic kidney disease, Type H diabetes, macular
degeneration, keloid lesions, hypertrophic scar, nephrogenic systemic fibrosis, injection
fibrosis, complications of surgery, fibrotic chronic allograft vasculopathy and/or chronic
rejection in transplanted organs, fibrosis associated with ischemic reperfusion injury, post-
vasectomy pain syndrome, fibrosis associated with rheumatoid arthritis, arthrofibrosis,
Dupuytren’s disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous
proliferative lesions of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, glial
scarring, leptomeningeal fibrosis, menngitis, systemic lupus erythematosus, fibrosis due to
radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal
fibrosis, progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposition of extraceliular matrix components, such as
coliagen, which may be affected by interventions within the TRB pathway, or any
combination thereof. The methods and compositions of the present disclosure contemplate
said administration wherein the condition is a primary fibrosis, a secondary fibrosis, or a
fibrotic symptom of a condition.

[0012] According to the methods and compositions of the present disclosure, a
primary fibrosis may comprise one or more of scleroderma, atherosclerosis, cardiac fibrosis,
organ transplant fibrosis, muscle fibrosis, pancreatic fibrosis, bone-marrow fibrosis, hver
fibrosis, fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, idiopathic
mterstitial fibrosis, diffuse interstitial fibrosts, nterstitial lung disease, chronic interstitial
lung disease, pneumoconiosis, silicosis, interstitial fibrosis, sarcoidosis, mediastinal fibrosis,
cardiac fibrosis, atrial fibrosis, endomyocardial fibrosis, renal fibrosis, macular degeneration,
keloid lestons, hypertrophic scar, nephrogenic systemic fibrosis, injection fibrosis, fibrotic
complications of surgery, fibrotic chronic allograft vasculopathy, fibrosis associated with
ischemic reperfusion injury, arthrofibrosis, Bupuytren’s disease, fibrous proliferative lesions

of the oral cavity, fibrosing intestinal strictures, ghal scarring, leptomeningeal fibrosis,

-11-
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fibrosis due to radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis,
retroperitoneal fibrosis, progressive massive fibrosis or any combination thereof

[0013] According to the methods and compositions of the present disclosure, a
secondary fibrosts may comprise a fibrosis associated with one or more of glycogen storage
disease type I (GSD ), glycogen storage disease type VI (GSD V1), glycogen storage
disease type IX (GSD IX}, hepatitis, scleroderma, atherosclerosis, asthma, cirrhosis of the
gallbladder, diffuse parenchymal lung disease, interstitial pneumonitis, desquamative
interstitial pneumonia, respiratory bronchiolitis, mterstitial lung disease, chronic interstitial
lung disease, acute mterstitial pneumonitis, hypersensitivity prneumonttis, nonspecific
interstitial  pneumonia, cryptogenic organizing pneumonia, lymphocytic interstitial
pneumonia, emphysema, chronic kidney disease, Type I diabetes, macular degeneration,
chronic rejection in transplanted organs, post-vasectomy pain syndrome, rheumatoid arthritis,
dermatomyositis-polymyositis, mixed connective tissue disease, Crohn’s disease, meningitis,
systemic lupus erythematosus, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposition of extracellular matrix components, such as
collagen, which may be affected by interventions within the TRP pathway, or any
combination thereof.

6014} According to the methods and compositions of the present disclosure, a
primary fibrosis may comprise a symptom or sequela of GSD I, GSD IX, currhosts of the
pancreas, Dupuytren’s disease, scleroderma, idiopathic pulmonary fibrosis, or alcoholic fatty
liver disease, or any combination thereof.

[6015] According to the methods and composttions of the present disclosure, the
compositions to be administered may further comprise one or more pharmaceutically
acceptable excipients, and may be formulated for oral, intravenous, intraarterial, intestinal,
rectal, vaginal, nasal, pulmonary, topical, intradermal, transdermal, transbuccal, translingual,
sublingual, or opthalmic administration, or any combination thereof.

[6016] According to the methods and compositions of the present disclosure, a
subject to which the compositions listed above are to be adminstered may show abnormal or
excessive deposition of collagen type 1, la, or I In some embodiments according to the
methods and compositions of the present disclosure, admimistration of said composition

results in the prevention, amelioration, or cure of said fibrosis, fibrotic condition, or fibrotic

-12-
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symptom, and may further result in the reduction in the amount of extracellular matrix
proteins present in one or more tissues of said subject. In some embodiments, said reduction
in the amount of extracellular matrix proteins present in one or more tissues of said subject
may comprise a reduction in the amount of collagen present in one or more tissues of said
subject, and may further comprise a reduction in the amount of Type I, Type la, or Type [

collagen present in one or more tissues of said subject.

BRIEF DESCRIPTION OF THE DRAWINGS

(6017} Figure 1 shows total liver hydroxyproline content in mice following 8
weeks of treatment with vehicle, low dose Compound 2 (see Example 13}, high dose
Compound 2 (see Example 1}, Compound 1, or elafibranor (control). Compound 2-treated
amimals show lower total liver hydroxyproline levels than control-treated or mock-treated

animals.

[0018] Figure 2 shows representative mmages of liver stamed with Picro-Sirius
Red (to visualize collagen 1 and I deposition, red stain) at the end of the treatment period
following 8 weeks of treatment with vehicle, low dose Compound 2 (see Example 1), high
dose Compound 2 (see Example 1), Compound 1, or elafibranor {control} (magnification

10x, scale bar = 200 pm).

[6019] Figure 3 shows representative images of hiver stamed with anti-type [
collagen (collal)} {(Southern Biotech, Cat. 131001) at the end of the treatment period
following 8 weeks of treatment with vehicle, low dose Compound 2 (see Example 1), high
dose Compound 2 (see Example 1), Compound 1, or elafibranor {control} (magnification

20x, scale bar = 100 um).

[6026] Figure 4 shows total Liver ColAT content post-biopsy following 8 weeks
of treatment with vehicle, low dose Compound 2 (see Example 1), high dose Compound 2
(see Example 1}, Compound 1, or elafibranor (control}. Compound 2-treated animals show

lower total liver ColAl content than control-treated or mock-treated animals.

-13-
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(6021} Figure 5 shows liver Picro-Sirtus Red (PSR} staining, post-biopsy, as
determined by histological quantitative assessment following & weeks of treatment with
vehicle, low dose Compound 2 {see Example 1}, high dose Compound 2 {(see Example 1),
Compound 1, or elafibranor (control). Total (mg/liver) hiver collagen 1 and 3 were
determined by morphometry following Picro-Sirius Red staining. Liver sections from
Compound-1-treated animals showed lower PSR staining than those from mock-treated
amumals; hiver sections from Compound 2-treated animals showed lower PSR staining than

control-treated or mock-treated animals. Data expressed as mean = SEM (n=11-12).

[6022] Figure & shows the percent reduction 1n total liver trniglycerides,
cholesterol, and lipids as well as the percent reduction i NAS for Compound 2-treated
animals vs. vehicle-treated controls following 8 weeks of dosing with Compound 2 in a diet-

induced mouse model of NASH (See Example 6).

[0023] Figure 7 shows the percent reduction i liver fibrosis for Compound 2-
treated animals vs. vehicle-treated controls following 8 weeks of dosing with Compound 2 in
a diet-induced mouse model of NASH {See Example 6). Liver fibrosis is assessed n terms
of fibrosis score, the level of Type T collagen present, and the level of hydroxyproline present
in post-treatment liver samples.

[6024] Figure 8 shows the percent reduction in pro-fibrogenic gene expression for
Compound 2-treated animals vs. vehicle-treated controls following 8 weeks of dosing with
Compound 2 in a diet-induced mouse mode] of NASH (See Example 6). Pro-fibrogenic gene
expression 1s assessed i terms of the levels of expression of Colal, Col3al, «SMA, and

Galectin 1 in post-treatment liver samples.

DETAILED DESCRIPTION
[6025] The present disclosure provides compounds and methods for treating
fibrosts, fibrotic conditions, or fibrotic symptoms by administering thyroid hormone

receptor- {(TRP) agonists. In some embodiments, such fibrosis, fibrotic conditions, or

-14-
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conditions giving rise to fibrotic symptoms may mclude glycogen storage disease type IH
(GSD ), glycogen storage disease type VI (GSD VI), glycogen storage disease type IX
{(GSD IX), non-alcoholic steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic
fatty hiver disease, atherosclerosis, asthma, cardiac fibrosis, organ transplant fibrosis, muscle
fibrosts, pancreatic fibrosis, bone-marrow fibrosis, liver fibrosis, cirthosis of hiver and
gallbladder, fibrosis of the spleen, scleroderma, pulmonary fibrosis, wdiopathic pulmonary
fibrosis, diffuse parenchymal lung disease, idiopathic interstitial fibrosis, diffuse interstitial
fibrosis, interstitial pneumonitis, desquamative interstitial pneumomnia, respiratory
bronchiolitis, interstitial fung disease, chronic interstitial lung disease, acute mterstiial
pneumonitis, hypersensitivity pneumonitis, nonspecific interstitial pneumonia, cryptogenic
organizing pneumonia, lymphocytic interstitial pneumonia, pneumoconiosis, silicosis,
emphysema, interstitial fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atnal
fibrosts, endomyocardial fibrosis, renal fibrosis, chronic kidney disease, Type I diabetes,
macular degeneration, keloid lesions, hypertrophic scar, nephrogenic systemic fibrosis,
injection fibrosis, complications of surgery, fibrotic chronic allograft vasculopathy and/or
chronic rejection n transplanted organs, fibrosis associated with ischemie reperfusion myury,
post-vasectomy pain syndrome, fibrosis associated with rheumatoid arthritis, arthrofibrosis,
Dupuytren’s disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous
proliferative lesions of the oral cavity, {ibrosing intestinal strictures, Crohn’s disease, glial
scarring, leptomeningeal fibrosis, menngitis, systemic lupus erythematosus, fibrosis due to
radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal
fibrosis, progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposition of extracellular matrix components, such as
coliagen, which may be affected by interventions within the TR pathway. Such conditions
may be associated with inflammation and/or mmjury, and further may imvolve responses
mediated by TGF-B-dependent pathways which can be modulated by thyroid hormones (see,
e.g., Alfonso-Merino et al, Proc. Nat. Acad Sci 113(243E3451-60 (2016), which 13
mcorporated herein for its disclosure of the ability of thyroid hormones to modulate TGF-B
signaling and related fibrosis in mice). Because TGF-B-dependent pathways are implicated
in fibroblast differentiation and the stimulation of collagen production, and thyroid hormones

such as T3 and T4 may impinge on these pathways via the TR receptor, the present
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disclosure provides compositions and methods for the prevention, amelioration, or reduction
n collagen deposition in one or more tissues of a subject by admmnistering TR agonist

compounds.

Definitions

[0026] The term “mammal” i1s used in its usual biological sense.  Thus, it
specifically includes humans and non-human mammals such as dogs, cats, horses, donkeys,
mules, cows, domestic buffaloes, camels, Hamas, alpacas, bison, yaks, goats, sheep, pigs, elk,
deer, domestic antelopes, and non-human primates as well as many other species.

6027} “Subject” as used herein, means a human or a non-human mammal
mcluding but not limited to a dog, cat, horse, donkey, mule, cow, domestic buffalo, camel,
lama, alpaca, bison, vak, goat, sheep, pig, elk, deer, domestic antelope, or a non-human
primate selected for treatment or therapy.

[6028] “Subject suspected of having” means a subject extubiting one or more
clinical ndicators of a disease or condition. In certain emmbodiments, the disease or condition
is one or more fibroses, fibrotic conditions, or fibrotic symptoms. In certain embodiments,
the disease or condition is scleroderma. In certain embodiments, the disease or condition is
non-alcoholic steatohepatitis. In certain embodiments, the disease or condition s cirrhosis,
In certain embodiments, the disease or condition is non-alccholic fatty hver disease. In
certain embodiments, the disease or condition 15 idiopathic pulmonary fibrosis. In certain
embodiments, the disease or condition 15 atherosclerosis.  In certain embodiments, the
disease or condition 15 hepatitis, alcoholic fatty liver disease, asthina, cardiac fibrosis, organ
transplant fibrosis, muscle fibrosis, pancreatic fibrosis, bone-marrow fibrosis, hiver fibrosis,
cirthosis of liver and gallbladder, fibrosis of the spleen, scleroderma, pulmonary fibrosis,
diffuse parenchymal lung disease, idiopathic mterstitial fibrosis, diffuse interstitial fibrosis;
mterstitial pneumonitis, desquamative interstitial pneumonia, respiratory broochiolitis,
interstitial lung disease, chronic interstitial lung disease, acute interstitial pneumonitis,
hypersensitivity pneumonitis, nonspecific interstitial pneumonia, cryptogenic organizing
pneumonia, lymphocytic interstitial pneurmonia, pneumoconiosis, silicosis, emphysema,
utersiitial fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis,

endomyocardial fibrosis, renal fibrosis, chronic kidney disease, Type II diabetes, macular
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degeneration, keloid lesions, hypertrophic scar, nephrogenic systemic fibrosis, injection
fibrosis, complications of surgery, fibrotic chronmic allograft vasculopathy and/or chronic
rejection in transplanted organs, fibrosis associated with ischemic reperfusion injury, post-
vasectomy pain syndrome, fibrosis associated with rheumatoid arthntis, arthrofibrosis,
Dupuytren’s disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous
proliferative lesions of the oral cavity, fibrosing intestinal strictures, Crohn's disease, ghal
scarring, leptomeningeal fibrosis, meningitis, systemic lupus erythematosus, fibrosis due to
radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal
fibrosis, progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposttion of extracellular matrix components.

[0029] As used herein, “fibrosis” refers to the abnormal deposition of
extracellular matrix proteins. Such proteins include but are not himited to collagen, elastin,
fibronectin, laminin, keratin, keratin, keratin sulfate, fibrin, perlecan, agrin, or agrecan. As
used herein, “collagen” refers to any one of the subtypes of collagen, including but not
limited to Type L, 1L, 110, IV, V, VI, VIL, VI, IX, X, X1, XII, XIII, XIV, XV, XVI, XVIL, or
XVII Exemplary collagen types and subtypes especially include Type 1, Type Ia, Type I,
Type I, Type IV, and Type V. As used herein, fibrosis may occur by itself or as a symptom
or sequela of another condition.  As used herein, fibrosis may result from a genetic condition,
a genetic predisposition, an environmental wsult, an wmjury, healing of an mjury, an
autoimmune condition, or a chronic wflammation, a chronic inflammatory condition, or
another condition leading to abnormal or excessive deposition of extracellular matrix
components. Fibrosis as referred to heremn may be assessed by assaying for, or determining
the presence or level of, one or more biomarkers. Biomarkers for the presence of fibrosis
melude, but are not himited to, expression of the Colal, Col3al, aSMA, and/or Galectini
genes or any combination or product thereof. Diagnosis or assessment of fibrosis may
further be made by determination of the presence or level of type 1 collagen and/or
hydroxyproline or any combination or product thereof. Dhagnosis or assessment of fibrosis
may also be made by histological, tustochemucal, or immunohistochemical analysis of one or
more samples from a subject.

[6036] “Glyvcogen storage disease” means any one or more of a group of

disorders marked bv dysfunction m the synthesis, transport, or utilization of glvcogen,
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generally due to the loss of a necessary enzyme activity. Glycogen storage diseases are
generally classified by type according to their symptoms and etiologies. Known types
mclude GSD type O (aglycogenesis, glycogen synthase deficiency); GSD type | (von Gierke

disease, glucose-6-phosphatase translocase/transporter deficiency, GSD 1), GSD type 2

{(Pompe disease, alpha-1-4-glucosidase deficiency, GSD II};, GSD type 3 (Con disease,
Forbes disease, lumit dextrinosis, debranching enzvme disease; amylo-1-6-glucosidase
deficiency due to loss of glucosidase, and/or transferase activity, GSD IIf); GSD type 4
{Andersen  disease, glvcogen phosphorylase deficiency, brancher deficiency,
amylopectinosis, glycogen branching enzyme deficiency; amylo-1,4 to 1,6 transglucosidase
deficiency, GSD IV}, GSD type 5 (McArdle disease; glvcogen phosphorylase (muscle type)
deficiency, GSD V), GSD type 6 (Hers disease; glycogen phosphorylase E (liver type)
deficiency, GSD VI); GSD type 7 {Tarui disease; phosphofructokinase deficiency, GSD VIi};
GSD type 8, 9 (GSD with phosphorylase activation system defects; phosphorylase kinase
{(liver or muscle 1soforms) deficiency, GSD VI and GSD IX); GSD type 10 {cyclic AMP-
dependent kinase deficiency, GSD X}, GSD type 11 (Fanconi-Bickel syndrome; glucose
transporter type 2 (GLUT2) deficiency, GSD X1); and GSD type 12 {aldolase A deficiency,
GSD XII). Subtypes of glycogen storage diseases are also known, in particular GSD 1a,
which results from mutations in the gene for glucose-6-phosphatase (G6PCY and leads to,
among other symptoms, the excess accumulation of glycogen and lipids in liver tissue,
hepatomegaly, hepatic adenomas, and hepatocellular carcinoma.  Symptoms of glycogen
storage diseases may include elevated or reduced blood sugar, insulin insensitivity,
myopathies, as well as hepatic symptoms such as steatosis, hyperlipidemia,
hypercholesterolemia, cardiomegaly, hepatomegaly, fibrosis, cirrhosis, hepatocellular
adenoma, and hepatocellular carcinoma.  Symptoms may also include msulin msensitivity,
elevated or reduced blood glucose, renal dysfunction, and/or fibrosis.

[6031] “Subject in need thereof” means a subject identified as in need of a
therapy or treatment.

[0032] A therapeutic effect relieves, to some extent, one or more of the symptoms
of a disease or disorder, and includes curing the disease or disorder. “Curning” means that the
symptoms of active disease are elimunated. However, certain long-term or permanent effects

of the disease may exist even after a cure 15 obtained (such as extensive tissue damage).
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[6033] “Treat,” “treatment,” or “treating,” as used herein refers to administering a
pharmaceutical composition for prophylactic and/or therapeutic purposes. The term
“prophylactic treatment” refers to treating a patient who does not vet have the relevant
disease or disorder, but who 1s susceptible to, or otherwise at risk of, a particular disease or
disorder, whereby the treatment reduces the likelihood that the patient will develop the
disease or disorder. The term “therapeutic treatment” refers to administering treatment to a
patient already having a disease or disorder.

[0034] “Preventing” or “prevention” refers to delaying or forestalling the onset,
development or progression of a condition or disease for a period of time, including weeks,
months, or years.

[6035] “Amelioration” means a lessening of severity of at least one indicator of a
condition or disease. In certain embodiments, amelioration includes a delay or slowing in the
progression of one or more indicators of a condition or disease. The severity of indicators
may be determined by subjective or objective measures which are known to those skilled m
the art.

6036} “Modulation” means a perturbation of function or activity. In certain
embodiments, modulation means an increase 1n gene expression. In certain embodiments,
modulation means a decrease in gene expression. In certain embodiments, modulation
means an increase or decrease in total serum levels of a specific protein. In certain
embodiments, modulation means an increase or decrease in free serum levels of a specific
protem. In certam embodiments, modulation means an mcrease or decrease in total serum
levels of a specific non-protein factor. In certain embodiments, modulation means an
increase or decrease in free serum levels of a specific non-protein factor. In certain
embodiments, modulation means an increase or decrease in total bicavailability of a specific
protein.  In certain embodiments, modulation means an increase or decrease m total
bicavailability of a specific non-protemn factor.

6037} “Administering” means providing a pharmaceutical agent or composition
to a subject, and 1ncludes, but 15 not lumited to, administering by a medical professional and
self-administering.

[6038] Admunistration of the compounds disclosed herein or the pharmaceutically

acceptable salts thereof can be via any of the accepted modes of admmistration for agents
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that serve similar utilities including, but not limited to, orally, subcutaneously, mtravenously,
mitranasally, topically, transdermally, intraperitoneally, intramuscularly, mtrapulmonarnily,
vaginally, rectally, or intraocularly. Oral and parenteral administrations are customary in
treating the indications that are the subject of the preferred embodiments.

(6039 “Parenteral adnunistration,” means administration through injection or
infusion.  Parenteral administration includes, but i1s not limited to, subcutaneous
administration, intravenous admunisiration, intramuscular administration, infraarierial

admimstration, and intracrantal administration.

[0040] “Subcutanecus administration” means administration just below the skin.
[6041] “Intravenous admimstration” means admirnstration into a vein.

[0042] “Intraarterial admunstration” means administration into an artery.

[0043] The term “agent” inchides any substance, molecule, element, compound,

entity, or a combination thereof It includes, but 13 not himuted to, e.g., protein, polypeptide,
peptide or mametic, small organic molecule, polysaccharide, polynucleotide, and the Iike Tt
can be a natural product, a synthetic compound, or a chemical compound, or a combination
of two or more substances.

[0044] “Pharmaceutical agent” means a substance that provides a therapeutic
effect when administered to a subject.

[6045] “Pharmaceutical composition” means a mixture of substances suitable for
admunistering to an individual that includes a pharmaceutical agent For example, a
pharmaceutical composition may comprise a modified oligonucleotide and a sterile aqueous
solution.

[0046] “Active pharmaceutical ingredient” means the substance m a
pharmaceutical composition that provides a desired effect.

(6047} The term “pharmaceutically acceptable salt” refers to salts that retain the
biological effectiveness and properties of the compounds with which they are associated and,
which are not biologically or otherwise undesirable. In many cases, the compounds herein
are capable of forming acid and/or base salts by virtue of the presence of phenol and/or
phosphonate groups or groups similar thereto. One of ordinary skill 1n the art will be aware
that the protonation state of any or all of these compounds may vary with pH and ionic

character of the surrounding solution, and thus the present disclosure contemplates multiple

“30-



WO 2018/226604 PCT/US2018/035909

charge states of each compound. Pharmaceutically acceptable acid addition salts can be
formed with norganic acids and organic acids. Inorganic acids from which salis can be
derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like. Organic acids from which salts can be derived include, for
example, acetic acid, propionic acid, glycolic acid, pyruvie acid, oxalic acid, maleic acid,
malonic acid, succinic aad, fumaric acid, tartaric acid, citric acud, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid,
salicvlic acid, and the like. Pharmaceutically acceptable base addition salts can be formed
with tnorganic and organic bases. Inorganic bases from which salts can be derived include,
for example, sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zing,
copper, manganese, aluminum, and the like; particularly preferred are the ammonium,
potassium, sodium, calcium and magnesium salts. Organic bases from which salts can be
derived include, for example, primary, secondary, and tertiary amines, substituted amines
mcluding naturally occurring substituted amines, cyclic amines, basic 1on exchange resins,
and the like specifically such as isopropylamine, trimethviamine, diethylamine,
triethylamine, tripropylamine, and ethanolamine. Many such salts are known n the art, as
described in WO 87/05297, Johnston et al., published September 11, 1987 (incorporated by
reference herein in its entirety).

[6048] “Solvate” refers to the compound formed by the interaction of a solvent
and an EPI, a metabolite, or salt thereof. Suitable solvates are pharmaceutically acceptable
solvates including hydrates.

[6049] The term “atherosclerosis” refers to a condition characterized by
irregularly distributed lipid deposits 1n the intima of large and medium-sized arteries wherein
such deposits provoke fibrosis and calcification. Atherosclerosis raises the risk of angina,

stroke, heart attack, or other cardiac or cardiovascular conditions.

[0050] In some embodiments, the TRP agomsts for use as described herem
melude compounds according to Formula I

Formula 1
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wherein:

G 15 selected from the group consisting of —O0—, —S—, —8(=0}—, —S(=0)—,
------- Se—, —{Hy—, —CFy—) —LCHF—, —{0}y—, —CH(OH)}—, —CH(C,-Cy alkyl}-, —
CH(C-Cy alkoxy)-, —C{=CHy}—,—NH-—, and —MN(C:-Cy alkyl)-;

T is selected from the group consisting of —(CR%—, —CR"=CR"—(CR%),—, —

(CRY)—CR=CR"—  — (CR*)—CR*=CR —(CR)—  — O(CR™NCRY y—  —
S(CRMHCRY in—,  NRECRYHCRY —,  NROCOUCRY),,  —COUCR )y—, —
(CR%)uC(O)—, —(CR*)C(ONCRY ), —(CR*J.C{ONCRY)—, and —

C(OINH(CR ) CRY)—;

k 15 an integer from 1-4;

m 15 an nteger from 0-3;

n 15 an mteger from 0-2;

p is an integer from 0-1;

each R" is independently selected from the group consisting of hydrogen, optionally
substituted —C-Cy alkyl, halogen, —OH, optionally substitwted —0—C-Cy alkyl, —
OCF,, optionally substituted —S—C,-Cy alkyl, —NR"R®, optionally substituted —C,-C
alkenyl, and optionally substituted —C,-Cy alkynyl; with the proviso that when one R” is
attached to C through an O, 8§, or N atom, then the other R attached to the same C is a
hydrogen, or attached via a carbon atom;

each R is independently selected from the group consisting of hydrogen and
optionally substituted —C-Cy alkyl;

each R° 15 independently selected from the group consisting of hydrogen and
optionally substituted —C;-Cy alkvl, optionally substituted —C{O)—C-Cy alkyl, and —
C{OH;

R', and R? are each independently selected from the group consisting of halogen,

optionally substituted —C-Cy alkyl, optionally substituted ——S—C;-C; alkyl, optionally
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substituted —C,-Cy alkenyl, optionally substituted —(:-Cy alkynyl, —CF;, —0CF;,
O

optionally substituted C4-Cs alkyl, and cyano;

R® R’ R®, and R are each independently selected from the group consisting of are
each independently selected from the group consisting of hydrogen, halogen, optionally
substituted —C C1-Cy alkyl, optionally substituted —8-—-C5 alkyl, optionally substituted
—C»-Cy alkenyl, optionally substituted —C,-Cy alkynyl, —CFs, —OCF;, optionally
substituted—O—C-Cs alkyl, and cyano; or R” and T are taken together along with the
carbons they are attached to form a ring of 5 to 6 atoms including 0 to 2 hetercatoms
independently selected from —NR'“, —-Q-, and —8-— with the proviso that when there
are 2 heteroatoms in the ring and both hetercatoms are different than mitrogen then both
heteroatoms have to be separated by at least one carbon atom; and X is attached to this ring
by a direct bond to a ring carbon, or by —(CR% )} or —C(0)— bonded to a ring carbon or a
ring nitrogen;

R' is selected from the group consisting of hydrogen, —C(OYCy-Cy alkyl, —Ci-Cy
alkyl, and —C;-Cyp—arvyl;

R’ and R” are independently selected from the group consisting of hydrogen, halogen,
—CF4, —OCF;, cvano, optionally substituted —C-Cy; alkvl, optionally substituted —Cy-
Cy, alkenyl, optionally substituted —C5-Cyy alkynyl, —SRY, —S(=0)R°, —S(=0)LKR°, —
S(=0)NRRE, —C(OORY, —COR:, —NERHCIOINRRE, —NERHSE=O0)RRE, —
N(R")S(=0),NR'RE, and —NR'R,

each RY is selected from the group consisting of optionally substituted —C-C > alkyl,
optionally substituted —C,-Cy, alkenyl, optionally substituted —C,-C 5 alkynyl, optionally

A

substituted —(CRY), aryl, optionally substituted —(CR%), cycloalkyl, optionally substituted

optionally substituted —5-Ciy alkenyl, optionally substituted —C,-Cyy alkynyl, optionally
substituted —(CR%), aryl, optionally substituted —(CR"), cycloalkyl, and optionally
substituted —{(CR"%}, heterocycloalkyl;

R’ and R® are each independently selected from the group consisting of hydrogen,
optionally substituted —';-Cy; alkyl, optionally substituted —Cy—Cy; alkenyl, optionally

substituted —C,-C1z alkynyl, optionally substituted —(CR",), aryl, optionally substituted —
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(CR%)n cycloalkyl, and optionally substituted —<{CR"), heterocycloalkyl, or R and R® may
together form an optionally substituted heterocyclic ring, which may contain a second
heterogroup selected from the group consisting of O, NRS, and S, wherein said optionally
substituted heterocyclic ring may be substituted with 0-4 substituents selected from the group
consisting of optionally substituted —C;-Cy alkyl, —OR", oxo, cyano, —CFs, optionally
substituted phenyl, and —C(GYOR™,

each R" is selected from the group consisting of optionally substituted —C-Cy alkyl,
optionally substituted —C,-Cy; alkenyl, optionally substituted —(5-Cy5 alkynyl, optionally
substituted —(CR"), aryl, optionally substituted —(CR%). cycloalkyl, and optionally

substituted —(CR), heterocycloalkyl;

R’ is selected from the group consisting of —OH, optionally substituted —OC,-Cy
alkyl, OC{OIRS, —OC(OOR", —F, —NHC(O)R®, —NHSE=OR®, —NHS(=0),R®, —
NHC(E=S)NHRY, and —NHC(O)NH(R");

X is BEOYR' YR,

Y and Y’ are each independently selected from the group consisting of —Q-—, and —
NR'-—; when Y and Y’ are —QO-—, R attached to —O— is independently selected from the
group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted CHj-heterocycloakyl wherein the cyclic moiety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C{R";OC(O)NR”
2, = NR“ (R, —CR)—OCOR, —C(R)—O—C{OWRY, —CR)OC(O)SRY, -
alkyl-S—C{O)R’, -alky}-8—S-alkylhydroxy, and -alkyl-S—S—S8-alkylhydroxy;

when Y and Y’ are —NR'—, then R'' attached to —NR'— is independently selected
from the group consisting of —H, —{C(R");]—COORY, —CR*LCOORY, —[C(R™,]—
C{O)8RY, and -cycloalkylene-COOR';

when Y is —O— and Y’ is NR', then R'' attached to —O— is independently
selected from the group consisting of —H, alkyl, optionally substituted aryl, optionally
substituted heterocycloalkyl, optionally substituted CHs-heterocycloakyl wherein the cyclic
motety contains a carbonate or thiocarbonate, optionally substituted -alkviaryl, —
CRROC(OINRY, —NR—C(O0)—R, —C(R")H—0OC(OR’, —C(R),—0—C(OYOR’, —
CR"OC(O)SRY,  -alkyl-§—C(ORY, -alkyl-S—S8-alkylhydroxy, and -alkyl-S—8—§-

alkythydroxy; and RM attached to —NR'-— is independently selected from the group
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consisting of H, —[C(R"p]—COOR", —CR"HCOOR!, —[CR]¢—C(OSRY, and -
cycloalkylene-COOR’;
or when Y and Y’ are independently selected from —O— and NR', then together R'
and R'! are -alkyl-S—S8-alkyi- to form a cyclic group, or together R™ and R'! are the group:
v

/ H

/ H
\“\\

N W

Y
,

N
W
wheremn:

V, W, and W' are independently selected from the group consisting of hvdrogen,
optionally substituted alkyl, optionally substituted aralkyi, heterocycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, optionally substituted l-alkenvl, and optionally
substituted 1-alkynyl;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group
containing 5-7 atoms, wherein 0-1 atoms are hetercatoms and the remaining atoms are
carbon, substituted with hydroxy, acyloxy, alkylthiocarbonyioxy, alkoxycarbonyloxy, or
aryloxycarbonyloxy attached to a carbon atom that is three atoms from both Y groups
attached to the phosphorus;

or together V and Z are connected via an additional 3-5 atoms to form a cyclic group,
wherein G-1 atoms are heteroatoms and the remaining atoms are carbon, that 18 fused to an
aryl group at the beta and gamumna position to the Y attached to the phosphorus;

or together ¥V and W are connected via an additional 3 carbon atoms to form an
optionally substituted cyclic group containing 6 carbon atoms and substituted with one
substituent selected from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy,
alkyithiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said carbon atoms that is

three atoms from a Y attached o the phosphorus;
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or together 7 and W are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaming atoms are carbon, and V must be aryl,
substituted aryl, heteroaryl, or substituted heteroaryl;

or together W and W' are connected via an additional 2-5 atoms to form a cyclic
group, wherein 0-2 atoms are hetercatoms and the remaining atoms are carbon, and V must
be aryl, substituted arvl, heteroaryl, or substituted heteroarvl;

Z is selected from the group consisting of —CHR'OH, —CHROC(OR’,—
CHREOQC(SRY, —CHROC(SIOR’, —CHROC(OSRY, —CHROCO,RY, —OR”, S8R, —
CHR™N:, —CHy-aryl, —CH(aryDOH, —CH(CH=CR%)OH, —CH(C=CR*OH, —R* —
NR%, —OCOR’, —OCO,R’, —S8COR', —SCO,RY, —NHCOR", —NHCO,R’, —CH;NH-
aryl, —(CH,)g—OR", and —(CH;)q—SR”",

q 1s an integer 2 or 3;

each R” is selected from the group consisting of RY and —H;

each R’ is selected from the group consisting of alkyl, aryl, heterocycloalkyl, and
aralkyl;

each R* is independently selected from the group consisting of —H, and alkyl, or
together R* and R* form a cyclic alkyl group;

each R’ is selected from the group consisting of —H, lower alkyl, acvloxyalkyl,
alkoxycarbonyloxvalkyl and lower acyi;

and pharmaceutically acceptable salts thereof.

(6051 in some embodiments, the compound of Formula I has the following
PrOVISOS!

a) when G is —O—, T is —CHz—, R and R” are each bromo, R’ is iso-propyl, R is
hydrogen, and R” is —OH, then X is not P(OYOH), or P(O}OCH,CH;),:

PYV, Z, W, W are not all —H; and

¢) when 7 is —R” then at least one of V, W, and W' is not —H, alkyl aralkvl, or
heterocycloalkvl;

d) when G is —O—, T is —(CH3)1.4—, R' and R? are independently halogen, alkyl,
and cycloalkyl, R is atkyl, R* is hydrogen, and R® is —OH, then X is not —P(O)OH), or —
P(OYO-lower alkyl)s; and
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¢) when G is —0—, R is —NHC(OJR®, —NHS{(=0)};,R®, —NHC(SINH(R"), or —
NHC(OINH(RY), T is —(CHy)™, —CH=CH—, —O(CH}1.2—, or —NH{(CHz};.o—, then X
is not —P{O}OH}), or —P(OYOH)NH,.

[6052] In some embodiments, the compound 1s selected from one or more of the

following:

%,
vrreeers

{Compound 2),

(Compound 3}, or

(Compound 4),

or pharmaceutically acceptable salts thereof.

(6053} in other embodiments, the compound is selected from:

Structure Compound Number
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or pharmaceutically acceptable salts thereof.

[6054] The compounds described above may be prepared according to known
methods, including those described in U.S. Patent No. 7,829,552, which is incorporated
herein by reference m is entirety. Additional TR agonists are described 1n U.S. Patent No.
7,514,419, US. Application Publication No. 2009/002895; U.S. Application Publication No.
2010/0081634; U.S Application Publication No. 2012/00463064; and PCT Application
Publication No. WO 20611/038207, all of which are incorporated herein by reference in their

entirety.

Pharmaceutical Compositions

[6055] The compounds useful as described above can be formulated into
pharmaceutical compositions for use n treatent of the conditions described heremn.
Standard pharmaceutical formulation technigues are used, such as those disclosed n
Remington's The Science and Practice of Pharmacy, 21st Ed., Lippincott Wilhams & Wilkins
(2005}, mcorporated herein by reference m its entirety.  Accordingly, some embodiments
include pharmaceutical compositions comprising: (a) a safe and therapeutically effective
amount of a compound described herein, or pharmaceutically acceptable salts thereof, and
(b} a pharmaceutically acceptable carrier, diluent, excipient or combination thereof.

[0056] The term “pharmaceutically acceptable carrier” or “pharmaceutically
acceptable excipient” includes any and all solvents, diluents, emulsifiers, binders, buffers,

dispersion media, coatings, anttbacterial and antifungal agents, sotonic and absorption

-49-
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delaying agents and the hike, or any other such compound as 15 known by those of skill in the
art to be useful in preparing pharmaceutical formulations. The use of such media and agents
for pharmaceutically active substances i1s well known in the art  Except insofar as any
conventional media or agent 1s incompatible with the active ingredient, its use in the
therapeutic compositions 15 contemplated.  Supplementary active ngredients can also be
icorporated into the compositions. In addition, various adjuvants such as are commonly
used in the art may be included. These and other such compounds are described in the
literature, e.g., in the Merck Index, Merck & Company, Rahway, NJ. Considerations for the
meclusion of various components in pharmaceutical compositions are described, eg., n
Gilman et al. {(Eds) (1990); Goodman and Gilman’s:  The Pharmacological Basis of
Therapeutics, 8th Ed , Pergamon Press.

(6057} Some examples of substances, which can serve as pharmaceutically-
acceptable carriers or components thereof, are sugars, such as lactose, glucose and sucrose;
starches, such as corn starch and potato starch; cellulose and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; malkt;
gelatin; talc; sohd lubricants, such as stearic acid and magnesium stearate; calcium sulfate;
vegetable otls, such as peanut otl, cottonseed o1l, sesame oil, olive oil, corn o1l and oil of
theobroma; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and polyethylene
glycol; algimic acid; emulsifiers, such as the TWEENS; wetting agents, such as sodium lauryl
sulfate; coloring agents;, flavoring agents; tableting agents, stabilizers; antioxidants;
preservatives; pyrogen-free water; 1sotonic saline; and phosphate buffer solutions.

[6058] The choice of a pharmaceutically-acceptable carmer to be used m
conjunction with the subject compound 15 determuned by the way the compound 15 to be
administered.

[6059] The compositions described herein are preferably provided in unit dosage

1

form. As used heren, a "unit dosage form” is a composition containing an amount of a
compound that is suitable for administration to a subject, in a single dose, according to good
medical practice. The preparation of a single or umit dosage form however, does not imply
that the dosage form s admunistered once per day or once per course of therapy. A unit
dosage form may comprise a single daily dose or a fractional sub-dose wherein several unit

dosage forms are to be administered over the course of a day in order to complete a daily
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dose. According to the present disclosure, a unit dosage form may be given more or less
often that once daily, and may be admunistered more than once during a course of therapy.
Such dosage forms may be administered in any manner consistent with their formulation,
including orally, parenterally, and may be administered as an infusion over a period of time
{e.g., from about 30 minutes to about 2-6 hours). While single adonumistrations are
specifically contemplated, the compositions adnmunistered according to the methods described
herein may also be admimistered as a continuous infusion or via an implantable infusion
pump.

[6060] The methods as described herein may utilize any of a variety of suitable
forms for a variety of routes for administration, for example, for oral, nasal, rectal, topical
(including transdermal), ocular, intracerebral, intracramal, intrathecal, intra-artenal,
mtravenous, intramuscular, or other parental routes of admunstration.  The skilled artisan
will appreciate that oral and nasal compositions include compositions that are administered
by mhalation, and made using available methodologies. Depending upon the particular route
of admimistration desired, a variety of pharmaceutically-acceptable carriers well-known in
the art may be used. Pharmaceutically-acceptable carriers include, for example, solid or
liquid fillers, diluents, hydrotropes, surface-active agents, and encapsulating substances.
Optional pharmaceutically-active materials may be included, which do not substantially
mterfere with the activity of the compound. The amount of carrier employed n conjunction
with the compound 1s sufficient to provide a practical quantity of material for administration
per unit dose of the compound. Techniques and compositions for making dosage forms
useful in the methods described herein are described m the following references, all
meorporated by reference herein: Modern Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker
& Rhodes, editors, 2002); Lieberman et al,, Pharmaceutical Dosage Forms: Tablets (1989);
and Ansel, Introduction to Pharmaceutical Dosage Forms 8th Edition {2004).

[6061] Vartous oral dosage forms can be vsed, ncluding such solid forms as
tablets, capsules, granules and bulk powders. Tablets can be compressed, tablet triturates,
enteric-coated, sugar-coated, film-coated, or multiple-compressed, containing suitable
binders, tubricants, diluents, disintegrating agents, coloring agents, flavoring agents, flow-
inducing agents, and melhting agents. Liquid oral dosage forms include aqueous solutions,

emulsions, suspensions, solutions and/or suspensions reconstituted from non-effervescent
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granules, and effervescent preparations reconstituted from effervescent granules, contaiming
suitable solvents, preservatives, emulsifying agents, suspending agents, diluents, sweeteners,
melting agents, coloring agents and flavoring agents.

[6062] The pharmaceutically-acceptable carmers suitable for the preparation of
unit dosage forms for peroral administration is well-known in the art.  Tablets typically
comprise conventional pharmaceutically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and cellulose; binders such as starch,
gelatin and sucrose; disintegrants such as starch, alginic acid and croscarmelose; lubricants
such as magnesium stearate, stearic acud, nucrocrystalline cellulose, carboxymethyl
cellulose, and talc. Tablets may also comprise solubilizers or emulsifiers, such as
poloxamers, cremophor/Kolliphor®/Luirol®, methylcellulose,
hydroxypropylmethyicellulose, or others as are known n the art.  Ghdants such as silicon
dioxide can be used to improve flow characteristics of the powder mixture. Coloring agents,
such as the FD&C dyes, can be added for appearance. Sweeteners and flavoring agents, such
as aspartame, saccharin, menthol, peppermunt, and fruit flavors, are useful adjuvants for
chewable tablets. Capsules typically comprise one or more solid diluents disclosed above,
The selection of carrier components depends on secondary considerations like taste, cost, and
shelf stability, which can be readily made by a person skilled in the art.

[6063] Peroral (PO) compositions also include hqud solutions, emulsions,
suspensions, and the like. The pharmaceutically-acceptable carriers suitable for preparation
of such compositions are well known in the art. Typical components of carriers for syrups,
elixirs, emulsions and suspensions include ethanol, glycerol, propylene glycol, polyethylene
glveol, liquid sucrose, sorbitol and water. For a suspension, typical suspending agents
include methyl cellulose, sodium carboxymethyl cellulose, AVICEL RC-591, tragacanth and
sodium alginate; typical wetting agents include lecithin and polysorbate 80, and typical
preservatives inchude methyl paraben and sodium benzoate. Peroral hiquid compositions may
also contain one or more components such as sweeteners, flavoring agents and colorants
disclosed above.

[6064] Such compositions may also be coated by conventional methods, typically
with pH or time-dependent coatings, such that the subject compound is released in the

gastrointestinal tract in the vicinity of the desired topical application, or at various times to
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extend the desired action. Such dosage forms typically include, but are not limted to, one or
more of cellulose acetate phthalate, polyvinviacetate phthalate, hydroxypropyl methyl
cellulose phthalate, ethyl cellulose, Eudragit coatings, waxes and shellac.

[6065] Compositions described herein may optionally include other drug actives.

[0066] Other compositions useful for attaming systemic delivery of the subject
compounds mclude sublingual, buccal and nasal dosage forms. Such compostiions typically
comprise one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and
binders such as acacia, microcrystalline cellulose, carboxymethyl cellulose and
hydroxypropyl methyl cellulose.  Glidants, lubricants, sweeteners, colorants, antioxidants
and flavoring agents disclosed above may also be included.

[6067] A hquid composition, which is formulated for topical ophthalmic use, 13
formulated such that it can be administered topically to the eye. The comfort may be
maximized as much as possible, although sometimes formulation considerations {e.g. drug
stability} may necessitate less than optimal comfort. In the case that comfort cannot be
maximized, the hiquid may be formulated such that the hiquid is tolerable to the patient for
topical ophthalmic use. Additionally, an ophthalmically acceptable liquid may either be
packaged for single use, or contain a preservative to prevent contamination over multiple
uses.

[0068] For ophthalmic application, solutions or medicaments are often prepared
using a physiological saline solution as a major vehicle.  Ophthalmic solutions may
preferably be maimtained at a comfortable pH with an appropriate buffer system.  The
formulations may also contain conventional, pharmaceutically acceptable preservatives,
stabilizers and surfactants.

[6069] Preservatives that may be used m the pharmaceutical compositions
disclosed herein include, but are not limited to, benzalkomium chlonde, PHMEB,
chlorobutanol, thimerosal, phenylmercuric, acetate and phenylmercuric nitrate. A useful
surfactant 1s, for example, Tween 80, Likewise, various useful vehicles may be used in the
ophthalmic preparations disclosed herein. These vehicles include, but are not himited to,
polyvinyl alcohol, povidone, hydroxypropyl methyl cellulose, poloxamers, carboxymethyl

cellulose, hydroxyethyl cellulose and purified water.
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[607¢] Tonicity adjustors may be added as needed or convenient. They include,
but are not himited to, salts, particularly sodium chloride, potassium chloride, mannitol and
glycerin, or any other suitable ophthalmically acceptable tonicity adjustor.

[6071] Vartous buffers and means for adjusting pH may be used so long as the
resulting preparation is ophthalmically acceptable. For many compositions, the pH will be
between 4 and 9. Accordingly, buffers include acetate buffers, citrate buffers, phosphate
buffers and borate buffers. Acids or bases may be used to adjust the pH of these
formulations as needed.

[0072] Ophthalmically acceptable antioxidants include, but are not limited to,
sodiom metabisulfite, sodium thiosulfate, acetylcysteine, butylated hydroxyanisole and
butvlated hydroxytoluene.

[0073] Other excipient components, which may be included in the ophthalmic
preparations, are chelating agents. A useful chelating agent is edetate disodium, although
other chelating agents may also be used n place or in conjunction with it

[0074] For topical use, including for transdermal adnunistration, creams,
ointments, gels, solutions or suspensions, etc., contaiming the compound disclosed herein are
employed. Topical formulations may generally be comprised of a pharmaceutical carrier, co-
solvent, emulsifier, penetration enhancer, preservative system, and emollient.

[6075] For intravenous admunistration, the compounds and compositions
described herein may be dissolved or dispersed in a pharmaceutically acceptable difuent,
such as a saline or dextrose solution. Suitable excipitents may be included to achieve the
desired pH, including but not himited to NaOH, sodium carbonate, sodium acetate, HCI, and
citric acid. In various embodiments, the pH of the final composition ranges from 2 to 8, or
preferably from 4 to 7. Antioxadant excipients may include sodium bisulfite, acetone sodium
bisulfite, sodium formaldehyde, sulfoxylate, thiourea, and EDTA. Other non-limiting
examples of suitable excipients found in the final intravenous composition may include
sodium or potassium phosphates, citric acid, tartaric acid, gelatin, and carbohydrates such as
dextrose, mannitol, and dextran. Further acceptable excipients are described in Powell, et al.,
Compendium of Excipients for Parenteral Formulations, PDA J Pharm Sci and Tech 1998,
52 238-311 and Nema et al., Excipients and Their Role in Approved Injectable Products:

Current Usage and Future Directions, PDA J. Pharm. Sci. Tech. 2011, 65 287-332, both of
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which are mcorporated herein by reference in thewr entirety. Auntimicrobial agents may also
be included to achieve a bacteriostatic or fungistatic solution, including but not limited to
phenvimercuric nitrate, thimerosal, benzethonium chloride, benzalkonium chloride, phenol,
cresol, and chlorobutanol

[6076] The compositions for mtravenous admimistration may be provided to
caregivers in the form of one more solids that are reconstituted with a suitable diluent such as
sterile water, saline or dextrose in water shortly prior to admimstration.  In other
embodiments, the compositions are provided in solution ready to administer parenterally. In
still other embodiments, the compositions are provided in a solution that is further diluted
prior to adminstration. In embodiments that include administering a combination of a
compound described herein and another agent, the combmation may be provided to
caregivers as a muxture, or the caregivers may mix the two agents prior to admnistration, or
the two agents may be administered separately.

[8077] The actual unit dose of the active compounds described herein depends on
the specific compound, and on the condition to be treated. In some embodiments, the dose
may be from about 0.01 mg/kg to about 120 mg/kg or more of body weight, from about 0.05
mg/kg or less to about 70 mg/kg, from about 0.1 mg/ke to about 50 mg/kg of body weight,
from about 1.0 mg/kg to about 10 mg/kg of body weight, from about 5.0 mg/kg to about 10
mg/kg of body weight, or from about 10.0 mg/kg to about 20.0 mg/kg of body weight In
some embodiments, the dose may be less than 100 mg/kg, 90 mg/kg, 80 mg/kg, 70 mg/kg, 60
mg/ke, 50 mg/ke, 40 mg/ke, 30 mg/kg, 25 mg/kg, 20 me/kg, 10 mg/kg, 7.5 mg/kg, 6 mg/ke,
5 mg/kg, 4 mg/kg, 3 mg/kg, 2.5 mg/kg, 1 mg/kg, 0.5mg/kg, 0.1 mgkg, 0.05 mg/kg or 0.005
mg/kg of body weight. Tn some embodiments, the actual unit dose 15 0.05, 0.07, 0.1, 0.3, 1.0,
3.0, 5.0, 10.0 or 25.0 mg/kg of body weight. Thus, for admimustration to a 70 kg person, the
dosage range would be from about 0.1 mg to 70 mg, from about 1 mg to about 50 mg, from
about 0.5 mg to about 10 mg, from about 1 mg to about 10 mg, from about 2.5 mg to about
30 mg, from about 35 mg or less to about 700 mg or more, from about 7 mg to about 600 mg,
from about 10 mg to about 500 mg, or from about 20 mg to about 300 mg, or from about 200
mg to about 2000 mg.  In some embodiments, the actual unit dose 15 5 mg.  In some
embodiments the actual unit dose 15 10 mg. In some embodiments, the actual unit dose 15 25

mg. In some embodiments, the actual unit dose 1s 250 mg or less. In some embodiments, the
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actual unit dose 13 100 mg or less. In some embodiments, the actual unit dose 18 70 mg or
less.

[8078] Satd compounds may also be incorporated mto formmiations for delivery
outside the systemic circulation.  Such formulations may nclude enteric-coated capsules,
tablets, soft-gels, spray dried powders, polymer matrices, hydrogels, enteric~-coated solids,
crystalline solids, amorphous solids, glassy solids, coated micronized particles, hguds,

nebulized liquids, aerosols, or microcapsules.

Methods of Administration

(6079} The compositions described above may be administered through any
suitable route of admunistration, for example, by injection, such as subcutanecusly,
mtramuscularly, intraperitoneally, intravenously, or intraartenially; topically, such as by
cream, lotion, or patch; orally, such as by a pill, dissolved liquid, oral suspension, buccal
film, or mouthrinse; nasally, such as by a nasal aerosol, powder, or spray; or ocularly, such
as by an eye drop). In some embodiments, the composition may be administered one, twice,
three tumes, our four times per day. In other embodiments, the composition may be
administered once, twice, or three times per week  In other embodiments, the composition is
administered every other day, every three days, or every four days. In other embodiments,
the composition every other week, every three weeks, or every four weeks. In other
embodiments, the composition 1s administered once per month or twice per month.

6080} In some embodiments, an initial loading dose 15 administered which 1s
higher than subsequent doses {maintenance doses).  The dosage form or mode of
adminstration of a maintenance dose may be different from that used for the loading dose.
In any of the embodiments disclosed herein, a maintenance dose may comprise
administration of the umit dosage form on any dosing schedule contemplated herein,
mcluding but not limited to, monthly or multiple times per month, biweekly or multiple times
each two weeks, weekly or multiple times per week, dauly or multiple times per day. 1t is
contemplated within the present disclosure that dosing holidavs may be incorporated mto the
dosing period of the maintenance dose. Such dosing holidays may occur immediately after
the administration of the loading dose or at any time during the period of admnistration of

the maintenance dose. In some embodiments, the loading dose 1s 300 mg or less; 250 mg or
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less, 200 mg or less, 150 mg or less, or 100 mg or less. In some embodiments, the
maintenance dose 1s 300 mg or less; 200 mg or less, 100 mg or less, 50 mg or less, 25 mg or

less, 10 mg or less, 5 mg or less, or 1 mg or less.

Methods of Treatment

[0081] Some embodiments according to the methods and compositions of the
present disclosure relate to a method for the reduction or prevention of the deposition of
extracellular matrix proteins, comprnising admimstering an effective amount of a compound
described herein to a subject in need thereof. In some embodiments, said deposition of
extracellular matrix proteins may comprise abnormal or excessive deposition of said
proteins.  In some embodiments, said extracellular matrix proteins may comprise one or
more of collagen, keratin, elastin, or fibrin. In some embodiments, said extracellular matrix
proteins may comprise collagen. In some embodiments, said extracellular matrix proteins
may comprise Type I collagen. In some embodiments, said extracellular matrix proteins may
comprise Collagen Type Ia. In some embodiments, said extracellular matrix proteins may
comprise Type I collagen. Some embodiments according to the compositions and methods
of the present disclosure relate to a method for the treatment of a fibrosis or its symptoms or
sequelae, comprising administering an effective amount of a compound described herein to a
subject i need thereof.

[0082] In some embodiments, the compounds and compositions comprising the
compounds described herein can be used to treat a variety of conditions arising from fibrosis
or mflammation, and specifically including those associated with abnormal collagen
deposition. Example conditions include glycogen storage disease type IH (GSD I,
glvcogen storage disease type VI (GSD VI), glycogen storage disease type IX {GSD IX),
non-alcoholic steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic fatty liver
disease, atherosclerosis, asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis,
pancreatic fibrosis, bone-marrow fibrosis, hiver fibrosis, cirrhosis of liver and galibladder,
fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, diffuse parenchymal
lung disease, 1idiopathic interstitial fibrosis, diffuse interstitial fibrosis, interstitial
pneumonitis, desquamative interstitial pneumonia, respiratory bronchiolitis, nterstitial lung

disease, chronic interstitial lung disease, acute interstitial pneumonitis, hypersensitivity
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pneumonitis, nonspecific interstitial  preurmomia, cryptogenic organizing  pneumonia,
lymphocytic mnterstitial pneumonia, pneumoconiosis, silicosts, emphysema, interstitial
fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis, endomyocardial
fibrosis, renal fibrosis, chronic kidney disease, Type II diabetes, macular degeneration,
keloid lesions, hypertrophic scar, nephrogemic systermic fibrosts, jection fibrosts,
complications of surgery, fibrotic chronic allograft vasculopathy and/or chronic rejection in
transplanted organs, fibrosis associated with ischemic reperfusion injury, post-vasectomy
pain syndrome, fibrosis associated with rheumatoid arthritis, arthrofibrosis, Dupuviren’s
disease, dermatomyositis-polyrmyositis, mixed connective tissue disease, fibrous proliferative
lesions of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, ghal scarring,
leptomeningeal fibrosis, meningitis, systemic lupus ervthematosus, fibrosis due to radiation
exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposition of extraceliular matrix components, such as
collagen.

[6083] In some embodiments the methods of the present disclosure comprise
methods for the treatment, amelioration, or prevention of a fibrotic condition. In some
embodiments, said fibrotic condition may be secondary to another condition. In some
embodiments, said fibrotic condition or primary condition may further comprise chronic
mflammation of an organ, tissue, spatial region, or fluid-connected area of the body of a
subject. In some embodiments, said inflammation may comprise activation of one or more
TGF-beta dependent signaling pathways.  In some embodiments, said TGF-f dependent
signaling pathways may comprise one or more elements responsive to T3 or T4, In some
embodiments, said fibrotic condition may comprise abnormal or excessive deposition of one
or more of collagen, keratin, or elastin. In some embodiments, said fibrotic condition may
comprise abnormal or excessive deposition of collagen. In some embodiments, said fibrotic
condition may comprise abnormal or excessive deposition of Type I collagen. In some
embodiments, said fibrotic condition may comprise abnormal or excessive deposition of
Collagen Type Ia. In some embodiments, said fibrotic condition may comprise abnormal or
excessive deposition of Type I collagen. In some embodiments said fibrotic condition may

comprise one or more of glycogen storage disease type HI (GSD HI), glycogen storage
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disease type VI (GSD VI), glycogen storage disease type IX (GSD IX), non-alcoholic
steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic fatty liver disease,
atherosclerosis, asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis, pancreatic
fibrosis, bone-marrow fibrosis, liver fibrosis, cirrhosis of hiver and gallbladder, fibrosis of the
spleen, scleroderma, pulmonary fibrosis, idiopathic pulmonary fibrosis, diffuse parenchymal
lung disease, idiopathic interstiial fibrosis, diffuse interstitial fibrosis, interstitial
pneumonitis, desquamative interstitial pneumonia, respiratory bronchiolitis, interstitial lung
disease, chronic interstitial lung disease, acute interstitial pneumonitis, hypersensitivity
pneumonitis, nonspecific interstitial pneurmonia, cryptogenic organizing pheugmonia,
lymphocytic mnterstitial pneumonia, pneumoconiosis, silicosts, emphysema, interstitial
fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis, endomyocardial
fibrosis, renal fibrosis, chronic kidney disease, Type I diabetes, macular degeneration,
keloid lesions, hypertrophic scar, nephrogenic systemic fibrosis, injection fibrosis,
complications of surgery, fibrotic chronic allograft vasculopathy and/or chronic rejection in
transplanted organs, fibrosis associated with ischemic reperfusion injury, post-vasectomy
pamm syndrome, fibrosis associated with rheumatoid arthnitis, arthrofibrosis, Dupuytren’s
disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous proliferative
lesions of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, ghial scarring,
leptomeningeal fibrosis, meningitis, systemic lupus erythematosus, fibrosis due to radiation
exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis. In some embodiments, said fibrotic condition may corprise
one or more of GSD III, GSD IX, Non Alcoholic Steatohepatitis, cirrhosis of the liver and/or
pancreas, scleroderma, idiopathic pulmonary fibrosis, psoriasis, alcoholic faity liver disease,
Dupuytren’s disease, and/or any combination thergof

[0084] According to the methods and compositions of the present disclosure,
thyrotd receptor agonisis such as those disclosed herein, and especially including
Compounds -4, may be admumustered to a subject for the treatment, amelicration,
prevention, or cure of a fibrotic condition, or a condition for which fibrosis i1s a symptom or
sequela.  According to the methods and composition as disclosed herein, said fibrotic
conditton or condition having fibrosis as a sequela may further comprise chronic

mflammation. According to the methods and compositions as disclosed herein, said fibrotic
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condition or condition having fibrosis as a sequela may further comprise activation of one or
more TGF-f dependent signaling pathways. According to the methods and compositions as
disclosed herein, said fibrotic condition or condition having fibrosis as a sequela may further
comprise activation and/or repression of one or more Thyroid Receptor Beta (TRp)
dependent signaling pathways. According to the methods and compositions as disclosed
herein, said fibrotic condition or condition having fibrosis as a sequela may further comprise
the involvement of signaling pathways responsive to tritodothyronine (T3), thyroxine (T4),
any combmation thereof, or mimetics thereof According to the methods and compositions
as disclosed herein, said fibrotic condition or condition having fibrosis as a sequela may
further comprise the involvement of receptors responsive to T3, T4, any combination thereof,
or mimetics thereof. In some embodiments according to the methods and compositions
disclosed herem, said fibrotic condition or condition having fibrosis as a sequela may
comprise the mmvolvement of TRP. In some embodiments according to the methods and
compositions disclosed herein, said fibrotic condition or condition having fibrosis as a
sequela may comprise one or more conditions which are prevented, ameliorated, or cured by
the admimnstration of one or more agonists of TRB. In some embodiments according to the
methods and compositions disclosed herein, said fibrotic condition or condition having
fibrosis as a sequela may comprise one or more conditions which are prevented, ameliorated,
or cured by the administration of one or more of Compounds 1-4. In some embodiments,
said one or more agonsts of TRP, or said one or more of Compounds 1-4, may be
coadministered with one or more active drug compounds and/or one or more excipients. In
some embodiments, said one or more agonists of TR, or said one or more of Compounds 1-
4, may be admunistered prior to, during, or after a surgical intervention, phototherapy, or
ultrasound therapy. In some embodiments, said one or more agonists of TR, or said one or
more of Compounds 1-4, may be coadministered with one or more of Pirfenidone,
nintedanib, and/or a fibroblast growth factor receptor antagonist, and/or a collagenase, such
as Clostridium histolyticum collagenase.

[0085] In some embodiments, the compositions and methods described herein
provide compositions and methods for the treatment, amehioration, prevention or cure of
coliagen deposition.  In some embodiments, said collagen deposition comprises and

abnormal or excessive deposition of collagen. In some embodiments, said collagen
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deposition may comprise abnormal or excessive deposition of Type I collagen. In some
embodiments, said collagen deposition may comprise abnormal or excessive deposition of
Collagen Type la. In some embodiments, said collagen deposition may comprise abnormal
or excesstve deposition of Type IH collagen. According to the methods and compositions as
disclosed herein, said collagen deposition may further comprise the involvement of receptors
responsive to T3, T4, any combination thereof, or mumetics thereof In some embodiments
according to the methods and compositions disclosed herein, said collagen deposition may
comprise the mvolvement of TRB. In some embodiments according to the methods and
compositions disclosed heremn, said collagen deposition may be prevented, ameliorated, or
cured by the administration of one or more agonists of TR In some embodiments
according to the methods and compositions disclosed herein, said collagen deposition may be
prevented, ameliorated, or cured by the admimistration of one or more of Compounds 1-4. In
some embodiments, said one or more agonists of TRP, or said one or more of Compounds 1-
4, may be coadministered with one or more active drug compounds and/or one or more
excipients. In some embodiments, said one or more agonists of TR, or said one or more of
Compounds 1-4, may be admunustered prior to, during, or after a surgical intervention,
phototherapy, or ultrasound therapy. In some embodiments, said one or more agonists of
TRP, or said one or more of Compounds 1-4, may be coadministered with one or more of
Pirfenidone, mintedamib, and/or a fibroblast growth factor receptor antagonist, and/or a
collagenase, such as Clostridium histolyficum collagenase.

[0086] in some embodiments, administration of compounds 1-4, of compound 2,
or of any of the compounds or compositions as disclosed herein results in a reduction in the
expression of the Colal, Col3al, oSMA, and/or Galectinl genes or any combination or
product thereof in the subject to which said compound or composition is administered. In
some embodiments, administration of compounds 1-4, of compound 2, or of any of the
compounds or compositions as disclosed herein resulis in a reduction in the degree of fibrosis
observable by histology, histochemistry, immunohistochemustry, or the like, and/or reduction
s in the amount, accumulation, or distribution of type 1 collagen and/or hydroxyproline or
any combination thereof in the subject to which said compound or composition is
administered. In some embodiments, adounistration of compounds 1-4, of compound 2, or

of any of the compounds or compositions as disclosed herein results i a reduction in total
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serum hipids, total serum cholesterol, total serum triglycerides, total hiver hipids, total biver
cholesterol, total liver triglvcernides, or any combination thereof,

The methods described herein are further illustrated by the following examples.

HExample 1.

[0087] DIO-NASH mice were acchimatized for 3 weeks, with pre-treatment liver
biopsy samples collected prior to acclimatization. Mice were randomly assigned to one of
five dosing groups, with 12 mice per group. Assigned dosages were: Compound 2 (low): 3
mg/kg; Compound 2 (high) 10 mg/kg, Compound 1. 10 mg/ke; and Elafibranor (30 mg kg).
One group was mock treated with vehicle only as a control.  Dosage forms were
admimstered orally once per day. After 8 weeks, amimals were sacrificed and hiver samples
were taken Liver samples were assayed for total hiver hydroxyproline, and subjected to
mmmunohistochemical observation for fibrosis stage as well as the extent of Colal (Collagen
Type fa) staining. As shown in Figure 1, Compound 2-treated animals show lower total liver
hydroxyproline levels than control-treated or mock-treated animals. Since hydroxyproline s
a significant component of collagen, and collagen is the most significant source of
hydroxyproline in animal tissues, levels of hydroxyproline provide a reliable proxy for the
presence of collagen in a sample.

[6088] Termunal hiver biopsy samples were also subjected to histochemical
staining and immunohistochemical staining. Representative images of liver stained with
Picro-Sirius Red (to visualize collagen 1 and IH deposition, red stain) at the end of the
treatment period following 8 weeks of treatment with vehicle, low dose Compound 2, high
dose Compound 2, Compound 1, or elafibranor are shown in Figure 2. As shown in Figure
5, total liver collagen {mg/liver} 1 and 3 was determined by morphometry following Picro-
Sirtus Red staming. Liver sections from Compound-1-ireated animals showed lower PSR
statning than those from mock-treated animals; hiver sections from Compound 2-treated
amimals showed lower PSR staining than control-treated or mock-treated ammals.
Representative images of liver stained with anti-type I collagen (colial} (Southern Biotech,
Cat. 131001} at the end of the treatment period following 8 weeks of treatment with vehicle,
low dose Compound 2, high dose Compound 2, Compound 1, or elafibranor are shown mn

Figure 3. The extent of ColAl content was calculated as the total hiver ColATl staining n
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termunal liver biopsy samples. As shown m Figure 4, Compound 2-treated animals show
lower total liver ColAl content than control-treated or mock-treated animals.

[0089] Fibrosis scores were also calculated based on observation of terminal hiver
biopsy samples. Additionally, a higher proportion of animals treated with Compound 1 or
Compound 2 showed a reduction in fibrosis score post-treatment than did mock treated
animals. No Compound 2-treated animals showed mcreases in their fibrosis score post-

tfreatment.

6090} Pulmonary fibrosis 1s induced in healthy male Dunkin-Hartley guinea pigs
by administering bleomycin mtratracheally. Control subjects are developed by intratracheal
adminustration of saline solution. After the establishment of pulomnary fibrosis in the
bleomycin treated animals, test articles comprising any one of Compounds 1-4, or any other
compound disclosed herein, are admunistered to each subject as appropriate for its
formuudation, datly or as appropriate, for 6-10 weeks. Unilateral hung biopsies are taken prior
to the first adounistration of the test articles and again after sacnifice following the last
administration of the test articles. Biopsy samples are analyzed as described in Example I,
with the addition of immunohistochemical staiming for type Il collagen Lungs from
amumals treated with the compounds disclosed herein, especially those animals treated with
Compound 2, show reduced levels of hydroxyproline, decreased Collagen 11 staining, and
decreased fibrosis score relative to the levels shown prior to the administration of the test
articles.  Mock treated ammals show little or no reduction in fibrosis, hydroxyproline

content, or Collagen 1T content.

Example 2

[6091] Palmar fascia fibrosis 1s induced 1n nude mice by introducing fibroblasts
from fibrotic cords of Dupuviren’s disease patients as described in Sush, L. et al., BMC
Musculoskelet. Disord. 16: 138-148 (2015} which is hereby incorporated by reference with
respect to its description of the establishement of an animal model system for the study of
palmar fascia fibrosis.  After the establishment of palmar fascia fibrosis in the fibroblast

treated animals, test articles comprising any one of Compounds 1-4, or any other compound
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disclosed herein, are administered to each subject as appropnate for its formulation, daily or
as appropriate, for 6-10 weeks. Unilateral forepaw biopsies are taken prior to the first
administration of the test articles and again after sacrifice following the last admunistration of
the test articles. Biopsy samples are analyzed as described in Example |, with the addition of
mmmunochistochemical staining for type HI collagen. Palmar fascia from animals treated with
the compounds disclosed herein, especially those animals treated with Compound 2, show
reduced levels of hydroxyproline, decreased Collagen I staining, and decreased fibrosis
score relative to the levels shown prior to the admimistration of the test articles. Mock treated
amimals show little or no reduction m fibrosis, hydroxyproline content, or Collagen HI

content.

Example 3;

[0092] Hypertrophic skin lesions are mduced in Sprague-Dawley Rats by
subcutaneous mjection of capsaicin asdescribed in Wallengren, J. et al, Skin Pharm. Appl.
Skin Physiol. 15(3):154-165(2002), which is hereby incorporated by reference with respect
to its description of the induction of hypertrophic skin lesions in rats; or in CS7BL or other
appropriate strain mice by subcutaneous admumistration of CCly and/or bleomycin, as
described in Alonso-Merino et al., Proc. Nat. Acad. Sci. 113(24):E3451-60 (2016}, which 15
incorporated herein for its disclosure of the induction of fibrotic skin lesions in mice. After
the establishment of hvpertrophic skin lesions i the capsaicin, CCli and/or bleomyen
treated animals, test articles comprising any one of Compounds 1-4, or any other compound
disclosed herein, are administered to each subject animal as appropriate for its formulation,
daily or as appropriate, for 6-10 weeks. Skin biopsies from the injection site are taken prior
to the first adounistration of the test articles and again after sacnifice following the last
administration of the test articles. Biopsy samples are analyzed as described in Example I,
with the addition of immunohistochemical staining for type I collagen. Injection site skin
samples from amimals treated with the compounds disclosed heremn, especially those anmimals
treated with Compound 2, show reduced levels of hydroxyproline, decreased Collagen I
statning, and decreased fibrosis score relative to the levels shown prior to the administration
of the test articles. Mock treated ammals show little or no reduction in fibross,

hydroxyproline content, or Collagen TH content.
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[8093] Glucose-6-phosphatase-a deficient mice that manifest GSD-3- like hepatic
symptoms, including hypercholesterolemia and hypertipidenua {(Agl-/—, see e.g. Liy, KM
et al., Mol Genet. Metabol. 111(4):467-76 (2014)) are treated with test articles comprising
any one of Compounds 1-4, or any other compound disclosed herein, administered to each
subject as appropriate for its formulation, daily or as appropriate, for 6-10 weeks. Liver
biopsies are taken prior to the first admmistration of the test articles and agam after sacrifice
following the last admnistration of the test articles. Biopsy samples are avalyzed as
described in Example I. Liver samples from animals treated with the compounds disclosed
herein, especially those animals treated with Compound 2, show reduced levels of
hydroxyproling, decreased Collagen T stamming, and decreased fibrosis score relative to the
levels shown prior to the admirustration of the test articles. Mock treated arumals show little

or no reduction in fibrosis, hydroxyproline content, or Collagen I content.

Example 3:

[0094] Phosphorylase kinase deficient mice that manifest GSD-8/9- like hepatic
symptoms, including hypercholesterolemia and hyperlipidemia (PhKc—/— see, e.g., Varsanyi,
M. et al, Biochem. Genet. 13(3-4}:247-61 {1980)), are treated with test articles comprising
any one of Compounds 1-4, or any other compound disclosed herein, administered to each
subject as appropriate for its formulation, daily or as appropriate, for 6-10 weeks. Liver
biopstes are taken prior to the first adonistration of the test articles and again after sacrifice
following the last admnistration of the test articles. Biopsy samples are avalyzed as
described in Example I. Liver samples from animals treated with the compounds disclosed
herein, especially those animals treated with Compound 2, show reduced levels of
hydroxyproling, decreased Collagen T stamming, and decreased fibrosis score relative to the
levels shown prior to the admirustration of the test articles. Mock treated arumals show little

or no reduction in fibrosis, hydroxyproline content, or Collagen I content.

Hxample 6:
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[6095] Compound 2 was evaluated 1n a diet-mduced NASH mouse model {See,
e.g., Hansen, H. et al, Drug Discovery Today 22(17):1701-1718 (2017} which 1s hereby
incorporated by reference with respect to its disclosure of diet-induced, genetic, chemical,
and other NASH mouse models). Diet-driven NASH i this model does not rely on
chemical/toxin effects to generate steatohepatitis/fibrosis. Ammals were biopsied pre-study,
and only animals with NASH and fibrosis were selected for study. Selected animals were
acclimatized and randomized, with experimental groups of 11-12 amimals per cohort
recerving oral dosing of compound 2 according to the following schedules: Daily dosing for
8 weeks; or daily dosing for week 0-1 followed by weekly dosing for weeks 2-8. At week §,
animals were sacrificed and tissues analyzed. — Plasma enzymes (P-ALT (alanine
aminotransferase} and P-AST(aspartate aminotransferase}), total plasma triglycenides, and
total plasma cholesterol were measured, and terminal necropsy of each hiver was carried out,
assaying total liver biochenustry mcluding total liver triglvcerides, and total liver cholesterol,
as well as histological evaluation of NAFLD activity score (done pre- and post-treatment),
fibrosis stage {(also done pre- and post-treatment), steatosts, Collal level, and galactin-3
level. Tissue samples were preserved for characterization using RMNAseq; RNAseq was used
to determine expression levels for genes showing differential expression in compound 2-
treated vs. vehicle treated animals and/or genes known to be mmplicated in fibrosis.
Significant reductions 1n hver triglycerides and cholesterol were observed in treatment
groups relative to untreated controls. As shown in figure 6, total hipid content in the liver
was reduced by approximately 80%, with similar reductions in plasma lipids and significant
improvements in NAS scores. No significant toxicity was observed.

[06096] As shown 1n figure 7, sigruficant reductions in fibrosis, type 1 collagen
deposition, and hydroxyproline (50.2%, 60.2%, and 46.3%., respectively} were also seen
relative to pre-treatment samples. Post-treatment, expression of pro-fibrotic genes {ollal,
Col3al, aSMA, and Galectin 1 were reduced by 363%, 27.1%, 37%, and 64.7%,
respectively (Figure 8), confirming the results observed by histology. Thus, 8-week dosing
with compound 2 resulted in marked improvements in histological, biochemical, and genetic
markers related to steatosis, fibrosis, and non-alcoholic steatohepatitis in a diet-induced

NASH model.
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(6097} With respect to the use of substantially any plural and/or singular terms
herein, those having skill i the art can translate from the plural to the singular and/or from
the singular to plural as is appropriate to the context and/or application. The various
singular/plural permutations can be expressly set forth herein for sake of clarnity.

[0098] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (for example, bodies of the appended claims)
are generally intended as “open” terms (for example, the term “imncluding” should be
miterpreted as “including but not hinited to,” the term “having” should be mterpreted as
“having at least,” the term “includes” should be interpreted as “includes but is not limited
to,” etc.). It will be further understood by those within the art that if a specific number of an
mtroduced claim recitation 18 mtended, such an intent will be explicitly recited in the claim,
and 1n the absence of such recitation no such mtent 1s present. For example, as an aid to
understanding, the following appended claims can contain usage of the mtroductory phrases
“at least one” and “one or more” {o introduce claim recitations. However, the use of such
phrases should not be construed to umply that the introduction of a claim recitation by the

48,000

mdefinite articles “a” or “an” lunits any particular claim contatning such mtroduced claim
recitation to embodiments containing only one such recitation, even when the same claim
inclodes the introductory phrases “one or more” or “at least one”™ and mdefinite articles such
as “a” or “an” {for example, “a” and/or “an” should be mterpreted to mean “at least one” or
“one or more”), the same holds true for the use of definite articles used to introduce claim
recitations. In addition, even if a specific number of an introduced claim recitation is
exphicitly recited, those skilled in the art will recognize that such recitation should be
mterpreted to mean at least the recited number (for example, the bare recitation of “two
recitations,” without other modifiers, means at least two recitations, of two or more
recitations). Furthermore, in those instances where a convention analogous to “at least one
of A, B, and C, etc.” 15 used, m general such a construction 1s intended in the sense one
having skil in the art would understand the convention (for example, © a system having at
least one of A, B, and C” would include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and  together, and/or A, B, and C
together, etc.). In those mstances where a convention analogous to “at least one of A, B, or

C, etc.” 18 used, i general such a construction is intended n the sense one having skill in the
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art would understand the convention {for example, © a system having at least one of A, B, or
C” would include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.}. It will be
further understood by those within the art that virtually any dispjunctive word and/or phrase
presenting two or more alternative terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of including one of the terms, either of
the terms, or both terms. For example, the phrase “A or B” will be understood to include the
possibilities of “A” or “B” or “Aand B.”

{6099} In addition, where features or aspects of the disclosure are described n
terms of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

(0166} As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a wrnitten description, all ranges disclosed herein also
encompass any and all possible sub-ranges and combinations of sub-ranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower third,
nuddle third and upper third, etc. As will also be understood by one skilled 1o the art all
language such as “up to,” “at least,” “greater than,” “less than,” and the like include the
number recited and refer to ranges which can be subsequently broken down into sub-ranges
as discussed above. Finally, as will be understood by one skilled 1n the art, a range includes
each individual member. Thus, for example, a group having 1-3 articles refers to groups
having 1, 2, or 3 articles. Similarly, a group having 1-5 articles refers to groups having 1, 2,
3,4, or 5 articles, and so forth,

[0101] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not mtended to be

hmuting, with the troe scope and spirit bemng indicated by the following claims.
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WHATIS CLAIMED IS;

I A method of treating fibrosis, a fibrotic condition or a fibrotic symptom in a
subject in need thereof comprising administering to said subject in need thereof at least one

compound of Formula [

/ N V4
e Nl
/ Y / \
A \
R* R* R} R’

or a pharmaceutically acceptable salt thereof, wherein:

G 15 selected from the group consisting of —QO-——, —8-—, —8(=0}—, —8{(=0})—,
Se—, —CH;—, —CFy—, —CHF—, —(0)—, —CH(OH)}—, —CH(C-Cy alkyl)}-, —
CH{C-Cy alkoxy)-, —C(=CH;}——NH—, and —N(C,-C; alkyl}~;

(CRY)—CR=CR"—  — (CR%)—CR™=CR*—{CR%)—,  — O(CRMNCRY Yy, —
S(CROLNCRY n—,  NROYCR:HCRY—, NRP)IC(OHCRY), —CONCRu— —
(CR")uC(0)—, —{(CR*)C(ONCR ), —(CR®):C(OHCR ) —, and —

k 13 an mteger from 1-4;

m 15 an integer from 0-3;

n 1s an integer from 0-2;

p is an integer from 0-1;

each R 15 independently selected from the group consisting of hydrogen, optionally
substituted —C-Cy alkyl, halogen, —OH, optionally substituted —0O—C-Cy alkyl, —
OCFs, optionaily substituted —8—C;-Cy alkyl, —NRR®, optionally substituted —C-Cy
alkenyl, and optionally substituted —Cy-Cy alkynyl; with the proviso that when one R" is
attached to C through an O, S, or N atom, then the other R" attached to the same C is a
hydrogen, or attached via a carbon atom;

each R® is independently selected from the group consisting of hydrogen and

optionally substituted —C-C; alkyl;
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each R° 15 independently selected from the group consisting of hydrogen and
optionally substituted —C;-Cy alkvl, optionally substituted —C{O)—C-Cy alkyl, and —
C{OH;

R', and R? are each independently selected from the group consisting of halogen,
optionally substituted —C-Cy alkyl, optionally substituted ——S—C;-C; alkyl, optionally
substituted —C,-Cy alkenyl, optionally substituted —C5-Cy alkynyl, —CF;, —OCF;,
optionally substituted—0—C,-Cs alkyl, and cyano;

R® R’ R®, and R’ are each independently selected from the group consisting of are
each ndependently selected from the group consisting of hydrogen, halogen, optionally
substituted —C C;-Cy alkyl, optionally substituted —5—C1-C5 alkyl, optionally substituted
—»-Cy alkenyl, optionally substituted —C5-Cy alkynyl, —CF;, —OCF;, optionally
substituted—O-—C-C; alkyl, and cyano, or R® and T are taken together along with the
carbons they are attached to form a ring of S to 6 atoms including 0 to 2 heteroatoms
independently selected from —NRi—, —0—, and —8—, with the proviso that when there
are 2 hetercatoms in the ring and both heteroatoms are different than nitrogen then both

heteroatoms have to be separated by at least one carbon atom; and X 15 attached to this ring

by a direct bond to a ring carbon, or by —(CR"%}— or —C(O)— bonded to a ring carbon ora
ring nitrogen;

R' is selected from the group consisting of hydrogen, —C(O)C-Cy alkyl, —C;-Cy
alkvl, and —C-Cy—aryl;

R* and R” are independently selected from the group consisting of hydrogen, halogen,
—Fs5,
Cy, alkenyl, optionally substituted —Cy-Cyo alkynyl, —8RY —S$(E=0)R®, —S(E=0)R°, —
S(=0),NRRE, —C(OIOR" —COR:, —NRHC(OINRRY, —NRS(=0)R°, —
N(R")S(=0),NR'RE, and —NR'R?,

OCF;, cyano, optionally substituted —C-Cy, alkyl, optionally substituted —C5-

each R% is selected from the group consisting of optionally substituted —C1-Cy; alkyl,
optionally substituted —C»-Cy; alkenyl, optionally substituted —,-C1; alkynyl, optionally
substituted —( CRbg)n aryl, optionally substituted —( CRbg)n cycloalkyl, optionally substituted
—{(CR")y heterocycloalkyl, and —C(O)NR'RE;

each R® is selected from the group consisting of optionally substituted —C1-Cyy alkyl,

optionally substituted —C5-Cyy alkenyl, optionally substituted —C,-Cyp alkynyl, optionally
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substituted — CR%), aryl, optionally substituted —(CR%), cycloalkyl, and optionally
'\ o o }‘ o

substituted

{CR"), heterocycloalkyl;

R" and RS are each independently selected from the group consisting of hydrogen,
optionally substituted —C-Cy; alkyl, optionally substituted —C—C1; alkenyl, optionally
substituted —C,-C1y alkynyl, opticnally substituted —(CR® )}, aryl, optionaily substituted —
(CR}, eycloalkyl, and optionally substituted —(CR"), heterocycloalkyl, or R and R® may
together form an optionally substituted heterocyclic ring, which may contain a second
heterogroup selected from the group consisting of O, NR, and 8, wherein said optionally
substituted heterocyclic ring may be substituted with 0-4 substituents selected from the group
consisting of optionally substituted —C;-Cy alkyl, —OR”, oxo, cyano, —CFs, optionally
substituted phenyl, and —C{O)OR",

each R" is selected from the group consisting of optionally substituted —C-Cyy alkyl,
optionally substituted —C,-C» alkenyl, optionally substituted —C;-Cy, alkynyl, optionally
substituted —(CRb;;)n aryl, optionally substituted —(Csz)n cycloalkyl, and optionally
substituted —(CR), heterocycloatkyl;

R’ is selected from the group consisting of —OH, optionally substituted —OC;-Cq
alkyl, OC(OIR®, —OC(OYOR" —F, —NHC(O)R®, —NHS(=0)R®, —NHS(=0)R", —
NHC(=S)NHR"), and —NHC(OINH(R"Y);

X is OYYRUY'RY,

Y and Y’ are each independently selected from the group consisting of —QO— and —
NR'—; when Y and Y’ are —O—, R'! attached to —O— is independently selected from the
group consisting of —H, alkyl, optionally substituted aryl, optionally substituted
heterocycloalkyl, optionaily substituted CHj-heterocycloakyl wherein the cyclic motety
contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —C{R“},OQC(OINR?
2, —NR—C({0)—R’, —C(R"),—OC(OIR’, —C(R"),—O0—C(O)OR’, —C(RLOC(O)SR, -
alkyl-S—C(OR’, -alkyl-S—S8-alkyvihydroxy, and -alkyl-S—8-—S-alkylhydroxy;

when Y and Y' are —NR"-—, then R'! attached to —NR " is independently selected
from the group consisting of —H, —[C(R"),];—COORY, —C(R™),COOR”, —[CR™),]—
C(O)SR’, and -cycloalkylene-COOR”;

when Y is —O-— and Y’ is NR', then R" attached to —O— is independently

selected from the group consisting of —H, alkyl, optionally substituted aryl, optionally
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substituted heterocycloalkyl, optionally substituted CHy-heterocycloakyl wherein the cyclic
moiety contains a carbonate or thiocarbonate, optionally substituted -alkylaryl, —
C(R)OC(O)NRY, —NR*—C(0)—R’, —CR"),—OC(OR', —C(R"),—0—C(O)ORY, —
CROCOSRY,  -alkyl-8—C(OHR’, -alkyl-8—S-alkylthvdroxy, and -alkyl-8§—8-—S-
alkylhydroxy, and R' attached to ——NR' is independently selected from the group
cousisting of H, —[C{R"»]q—COOR!, —C(R"LCOOR!, —[C(R")}—C(O)SR’, and -
cycloalkylene-COOR;

or when Y and Y’ are independently selected from —O-— and NRY, then together R

and R'! are -alkyl-S—S8-alkyl- to forr a eyclic group, or together R™ and R'! are the group:

wherein:

V, W, and W' are independently selected from the group consisting of hydrogen,
optionally substituted alkyl, optionally substituted aralkvi, heterocvcloalkyl, aryl, substituted
aryl, hetercaryl, substituted heteroaryl, optionally substituted 1-alkenyl, and optionally
substituted 1-alkynyl;

ot together V and Z are connected via an additional 3-5 atoms to form a cyclic group
contaiming 5-7 atoms, wherein 0-1 atoms are heteroatoms and the remaining atoms are
carbon, substituted with hydroxy, acyloxy, alkylthiocarbonyloxy, alkoxycarbonyloxy, or
aryloxycarbonyloxy attached to a carbon atom that is three atoms from both Y groups
attached to the phosphorus;

or together V and Z are connected via an additional 3-5 atoms to form a cyelic group,
wherein C-1 atoms are heteroatoms and the remaining atoms are carbon, that is fused to an

aryl group at the beta and gamma position to the Y attached to the phosphorus;
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or together V and W are connected via an additional 3 carbon atoms to form an
optionally substituted cvchic group containing 6 carbon atoms and substituted with one
substituent selected from the group consisting of hydroxy, acyloxy, alkoxycarbonyloxy,
alkyithiocarbonyloxy, and aryloxycarbonyloxy, attached to one of said carbon atoms that 1s
three atoms from a Y attached to the phosphorus;

or together Z and W are connected via an additional 3-5 atoms to form a cyclic group,
wherein 0-1 atoms are heteroatoms and the remaining atoms are carbon, and ¥V must be aryl,
substituted aryl, heteroaryi, or substituted heteroaryl;

or together W and W' are connected via an additional 2-5 atoms to form a cyclic
group, wherein (-2 atoms are heteroatoms and the remaining atoms are carbon, and V must
be aryl, substituted aryl, heteroaryl, or substituted heteroaryl;

Z is selected from the group comsisting of —CHR'OH, —CHR'OC(OR —
CHRIOC(SR', —CHROC(S)OR’, —CHROC(0)SR’, —CHROCO,RY, —OR®, —SR”, —
CHR'N;, —CHp-aryl, —CH(aryDOH, —CH(CH=CR")OH, —CH(C=CR"0OH, —R*, —
NR%, —QCOR", —0OCO,RY, —SCOR’, —SCORY, —NHCOR", —NHCO,RY, —CH,NH-
aryl, —{(CH)q—OR", and —{CHy)g—SR”

q is an integer 2 or 3;

each R’ is selected from the group consisting of RY and —H;

each R’ is selected from the group consisting of alkyl, aryl, heterocycloalkyvl, and
aralkyl;

each R* is independently selected from the group consisting of —H, and alkyl, or
together R* and R form a cyclic alkyl group; and

each R’ is selected from the group consisting of —H, lower alkyl, acyloxyalkyl

3

atkoxycarbonyloxyalkyl, and lower acvl.

2. The method of Claim 1 wherein the compound to be administered comprises one or

more of the compounds having a structure selected from the group consisting of’
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; or pharmaceutically acceptable salts thereof
3. The method of any of Claims 1-2 wherein said subject has one or more

fibrotic conditions selected from glycogen storage disease type HH (GSD III), glycogen
storage disease type VI {GSD VI), glycogen storage disease type IX (GSD IX), non-
alcoholic steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic fatty liver
disease, atherosclerosis, asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis,
pancreatic fibrosis, bone-marrow fibrosis, hiver fibrosis, curhosis of liver and galibladder,
fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, diffuse parenchymal
lung disease, idiopathic interstitial fibrosis, diffuse interstitial fibrosis, interstitial
pneumonitis, desquamative interstitial pneumonia, respiratory brouchiolitis, nterstitial hung

disease, chronic interstitial lung disease, acute interstitial pneumonitis, hypersensitivity
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pneumonitis, nonspecific interstitial pneurmonia, cryptogenic organizing pheugmonia,
lymphocytic mnterstitial pneumonia, pneumoconiosis, silicosts, emphysema, interstitial
fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis, endomyocardial
fibrosis, renal fibrosis, chronic kidney disease, Type II diabetes, macular degeneration,
keloid lesions, hypertrophic scar, nephrogemic systermic fibrosts, jection fibrosts,
complications of surgery, fibrotic chronic allograft vasculopathy and/or chronic rejection in
transplanted organs, fibrosis associated with ischemic reperfusion injury, post-vasectomy
pain syndrome, fibrosis associated with rheumatoid arthritis, arthrofibrosis, Dupuviren’s
disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous proliferative
lesions of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, ghal scarring,
leptomeningeal fibrosis, meningitis, systemic lupus ervthematosus, fibrosis due to radiation
exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposttion of extracellular matrix components, such as
collagen, which may be affected by interventions within the TRP pathway, or any

combination thereof

4. The method of any of Claims 1-3 wherein said fibrosis, fibrotic condition or

fibrotic symptom is a primary fibrosis.

5 The method of any of Claims 1-4 wherein said fibrosts, fibrotic condition or

fibrotic symptom 15 secondary to another condition.

6. The method of any of Claims 1-5 wherein said fibrosis, fibrotic condition or
fibrotic symptom comprises one or more of scleroderma, atherosclerosis, cardiac fibrosis,
organ transplant fibrosis, muscle fibrosis, pancreatic fibrosis, bone-marrow fibrosis, liver
fibrosis, fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, idiopathic
mterstitial fibrosis, diffuse interstitial fibrosis, interstitial lung disease, chronic interstitial
fung disease, pneumoconiosis, silicosis, mterstitial fibrosis, sarcoidosts, mediastinal fibrosis,
cardiac fibrosis, atrial fibrosis, endomyocardial fibrosis, renal fibrosis, macular degeneration,
keloid lesions, hypertrophic scar, nephrogenic systemic fibrosis, injection fibrosis, fibrotic

complications of surgery, fibrotic chronic allograft vasculopathy, fibrosis asseciated with
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ischemic reperfusion imury, arthrofibrosis, DBupuytren’s disease, fibrous proliferative lesions
of the oral cavity, fibrosing intestinal strictures, ghal scarring, leptomeningeal fibrosis,
fibrosis due to radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis,
retroperitoneal fibrosis, progressive massive fibrosis or any combination thereot.

7. The method of any of Claims 1-3 or 5 wherein saud fibrosis, fibrotic condition
or fibrotic symptom 1s secondary to one or more of glycogen storage disease type HI (GSD
11, glycogen storage disease type VI (GSD VI, glycogen storage disease type IX (GSD
IX), non-alcoholic steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic fatty
liver disease, atherosclerosis, asthma, cirthosis of the galibladder, diffuse parenchymal lung
disease, interstitial pneumonitis, desquamative interstitial pneumonia, respiratory
bronchiolitis, interstitial tung disease, chronic interstittal lung disease, acute interstitial
pneumonitis, hypersensitivity pneumonitis, nonspecific interstitial pneumonia, cryptogenic
organizing pneumonia, lymphocytic interstitial pneumonia, emphysema, chronic kidney
disease, Type Il diabetes, macular degeneration, chronic rejection in transplanted organs,
post-vasectomy pain syndrome, rheumatoid arthritis, dermatomyositis-polymyositis, mixed
connective tissue disease, Crohn’s disease, meningitis, systemic lupus erythematosus, or
symptoms or sequelae thereof, or other diseases or conditions resulting in the excessive
deposition of extracellular matrix components, such as collagen, which may be affected by

mterventions within the TR pathway, or any combination thereof.

8. The method of any of Claims 1-7 wherein said fibrosis, fibrotic condition or
fibrotic symptom is a symptom or sequela of GSD I, GSD VI, GSD IX, Non Alccholic
Steatchepatitis, currhosis of the hiver or pancreas, Dupuytren’s disease, scleroderma,

idiopathic pulmonary fibrosis, or alcoholic fatty liver disease, or any combination thereof.

9. A method of treating a fibrosis, a fibrotic condition or a f{ibrotic symptom ina
subject, comprising admimstering one or more compounds having a structure selected from

the group consisting of’
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, or pharmaceutically acceptable salts thereof

1o a subject in need thereof.

10. The method of Claim 9 wherein said subject has one or more conditions
selected from glycogen storage disease type I (GSD 1), glycogen storage disease type VI
(GSD» VI), glycogen storage disease type IX (GSD IX), hepatitis, scleroderma,
atherosclerosts, asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis, pancreatic
fibrosis, bone-marrow fibrosis, liver fibrosis, cirrhosis of the gallbladder, fibrosis of the
spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, diffuse parenchymal lung disease,
wdiopathic  interstitial  fibrosis, diffuse interstitial  fibrosis, interstitial  pneumonitis,
desquamative interstitial pneumonia, respiratory bronchiolitis, interstitial lung disease,
chronic interstitial fung disease, acute interstitial pneumonitis, hypersensitivity pneumonitis,

nonspecific Interstitial  pneumoma, cryptogenic organizing  pneumonia, lymphocytic
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mterstitial  pneumonia, puneumoconiosis, silicosis, emphysema, interstittal  fibrosis,
sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis, endomyocardial fibrosis,
renal fibrosis, chronic kidney disease, Type II diabetes, macular degeneration, keloid lesions,
hypertrophic scar, nephrogenic systemic fibrosis, injection fibrosis, complications of
surgery, fibrotic chronic allograft vasculopathy and/or chronic rejection n transplanted
organs, fibrosis associated with ischemic reperfusion imjury, post-vasectomy pain svndrome,
fibrosis  associated with rheumatoid arthritis, arthrofibrosis, Dupuytren’s disease,
dermatomyositis-polvmyositis, mixed connective tissue disease, fibrous proliferative lesions
of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, ghal scamring,
leptomeningeal fibrosis, meningitis, systemic lupus erythematosus, fibrosis due to radiation
exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting in the excessive deposition of extraceliular matrix components, such as
collagen, which may be affected by interventions within the TRP pathway, or any

combination thereof.

11 The method of any of Claims 9-10 wherein said condition i1s a primary
fibrosis.

12. The method of any of Claims 9-11 wherein said condition has fibrosis as a
symptom.

13. The method of any of Claims 9-12 wherein said fibrosis, fibrotic condition or

fibrotic symptom comprises one or more of scleroderma, atherosclerosis, cardiac fibrosis,
organ transplant fibrosis, muscle fibrosis, pancreatic fibrosts, bone-marrow fibrosis, hiver
fibrosis, fibrosis of the spleen, pulmonary fibrosis, idiopathic pulmonary fibrosis, wdiopathic
interstitial fibrosis, diffuse interstitial fibrosis, interstitial lung disease, chronic interstitial
lung disease, pneumoconiosis, silicosis, interstitial fibrosis, sarcoidosis, mediastinal fibrosis,
cardiac fibrosis, atrial fibrosis, endomyocardial fibrosis, renal fibrosis, macular degeneration,
keloid lestons, hypertrophic scar, nephrogenic systemic fibrosts, mjection fibrosts, fibrotic
complications of surgery, fibrotic chronic allograft vasculopathy, fibrosis associated with

ischemic reperfusion imury, arthrofibrosis, DBupuytren’s disease, fibrous proliferative lesions
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of the oral cavity, fibrosing intestinal strictures, ghal scarring, leptomeningeal fibrosis,
fibrosis due to radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis,

retroperitoneal fibrosis, progressive massive fibrosis or any combination thereof.

14 The method of any of Claims 9-13 wherein said fibrosis, fibrotic condition or
fibrotic symptom comprises one or more of glycogen storage disease type I (GSD 1),
glycogen storage disease type VI (GSD VI), ¢lycogen storage disease type IX (GSD IX),
hepatitis, scleroderma, atherosclerosis, asthma, cirrhosis of the gallbladder, diffuse
parenchymal lung disease, interstitial pneumonttis, desquamative interstitial pneumonia,
respiratory bronchiolitis, interstitial lung disease, chronic mterstitial lung disease, acute
interstitial pneumonitis, hypersensitivity pneumonitis, nonspecific interstiial pneumonia,
cryptogenic organizing pneumonia, lymphocytic interstitial pneumonia, emphysema, chronic
kidney disease, Type I diabetes, macular degeneration, chronic rejection mn transplanted
organs, post-vasectomy pain syndrome, rtheumatoid arthritis, dermatomyositis-polymyositis,
mixed connective tissue disease, Crohn’s disease, meningitis, systemic lupus erythematosus,
or symptoms or sequelae thereof, or other diseases or conditions resulting in the excessive
deposition of extracellular matrix components, such as collagen, which may be affected by

mterventions within the TR pathway, or any combination thereof.

15. The method of any of Claims 9-14 wherein said fibrosis, fibrotic condition or
fibrotic symptom 15 a symptom or sequela of GSD HI, GSD VI, GED IX, cirrhosis of the
pancreas, Dupuytren’s disease, scleroderma, idiopathic pulmonary fibrosis, or alcohohic fatty

liver disease, or any combination thereof.

16. The method of any of Claims 1-15, comprising administering a composition

comprising said compound and one or more pharmaceutically acceptable excipients.

17. The method of any of Claims 1-16 wherein said composition is formulated for
oral, intravenous, intraarterial, intestinal, rectal, vagmmal, nasal, pulmonary, topical,
mtradermal, transdermal, transbuccal, translingual, sublingual, or opthalmic admmnistration,

or any combination thereof.
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23 The method of any of Claims 1-17 wherein said subject shows abnormal or

excessive deposition of collagen.

19. The method of any of Claims 1-18 wherein said subject shows abnormal or

excessive deposition of collagen type 1.

20. The method of any of Claims 1-19 wherein said subject shows abnormal or

excessive deposition of collagen type la.

21 The method of any of Claims 1-20 wherein said subject shows abnormal or

excessive deposition of collagen type 111

22. The method of any of Claims 1-21 wherein said admimstration of said
compound results in the prevention, amebioration, or cure of said fibrosis, fibrotic condition,

or fibrotic symptom.

23 The method of any of Claims 1-22 wherein said admimstration of said
compound results in the reduction mn the amount of extracellular matrix proteins present

one or more tissues of said subject.

24, The method of any of Claims 1-23 wherein said admimstration of said
compound results in the reduction 1n the amount of collagen present 1 one or more fissues
of said subject.

25. The method of any of Claims 1-24 wherein said administration of said
compound results in the reduction i the amount of Type 1, Type la, or Type U collagen

present in one or more tissues of said subject.
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