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PHARMACEUTICAL FORMULATIONS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Patent Application Serial No. 63/024,193, filed on May 13, 2020; the entire contents of which

are incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to pharmaceutical compositions and uses thereof
comprising a quinoline compound, or pharmaceutically acceptable salt thereof, described
herein. The present invention further relates to uses of such compositions, for example in

treating, preventing, ameliorating, or lessening the severity of a disease, disorder, or condition.

BACKGROUND
[0003] The buildup or improper processing of toxic aldehyde species in the body underlies
or is implicated in neurological, autoimmune, and inflammatory conditions, such as skin, lung,
ocular, and systemic conditions. Metabolic and inflammatory processes in cells generate toxic
aldehydes, such as malondialdehyde (MDA), 4-hydroxyl-2-nonenal (4-HNE), glyoxal, and
methylglyoxal. These aldehydes are highly reactive with proteins, carbohydrates, lipids and
DNA, leading to chemically modified biological molecules, activation of inflammatory
mediators such as NF-kappa B, and damage in diverse organs. For example, retinaldehyde can
react with phosphatidylethanolamine (PE) to form a highly toxic compound called A2E, which
is a component of lipofuscin that is believed to be involved in the development and progression
of Age-Related Macular Degeneration (AMD). Many bodily defense mechanisms function to
remove or lower the levels of toxic aldehydes, including metabolism by aldehyde
dehydrogenases, buffering by molecules such as glutathione (GSH) and removal from sites of
potential toxicity by transporters such as ABCA4. Novel small molecule therapeutics can be
used to scavenge “escaped” retinaldehyde in the retina, thus reducing A2E formation and

lessening the risk of AMD (Jordan et al. (2006)).

[0004] Aldehydes are implicated in diverse pathological conditions such as dry eye,
cataracts, keratoconus, Fuchs’ endothelial dystrophy in the cornea, uveitis, allergic
conjunctivitis, ocular cicatricial pemphigoid, conditions associated with photorefractive

keratectomy (PRK) healing or other corneal healing, conditions associated with tear lipid
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degradation or lacrimal gland dysfunction, inflammatory ocular conditions such as ocular
rosacea (with or without meibomian gland dysfunction), and non-ocular disorders or conditions
such as skin cancer, psoriasis, contact dermatitis, atopic dermatitis, acne vulgaris, Sjogren-
Larsson Syndrome, ischemic-reperfusion injury, inflammation, diabetes, neurodegeneration
(e.g., Parkinson’s disease), scleroderma, amyotrophic lateral sclerosis, autoimmune disorders
(e.g., systemic lupus erythematosus [SLE] and rheumatoid arthritis), cardiovascular disorders
(e.g., atherosclerosis), inflammatory bowel disease (e.g., Crohn’s Disease and ulcerative
colitis), non-alcoholic steatohepatitis (NASH), and conditions associated with the injurious
effects of blister agents (Negre-Salvayre et al. (2008), Nakamura et al. (2007), Batista et al.
(2012), Kenney et al. (2003), Int J] Dermatol 43: 494 (2004), Invest Ophthalmol Vis Sci 48:
1552 (2007), Graefe’s Clin Exp Ophthalmol 233: 694 (1994), Molecular Vision 18: 194
(2012)).

[0005] Thus, there remains a need for effective treatments for the varied disorders in which

aldehyde toxicity is implicated.

SUMMARY
[0006] In one aspect, the present invention provides pharmaceutical compositions,
formulations, and dosage forms comprising a quinoline compound, or a pharmaceutically
acceptable salt thereof, described herein. In some embodiments of the present invention, the

composition comprises a quinoline compound of general formula I:

RZ R
R3 N R8
R* NZ O R?
R5
I

or a pharmaceutically acceptable salt thereof, wherein each variable is as defined herein.
[0007] Insome embodiments, the quinoline compound is of the following structure:

NH,

X
Z OH
N

I-1

or a pharmaceutically acceptable salt thereof.
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[0008] Unit dosage forms comprising a quinoline compound such as I-1 or a
pharmaceutically acceptable salt thereof are suitable for administration to a patient for treating,
ameliorating, or preventing a disease, disorder, or condition such as those described herein.
Accordingly, in one aspect, the present invention provides a unit dosage form comprising a
pharmaceutical composition comprising a disclosed quinoline compound, or a
pharmaceutically acceptable salt thereof. In some embodiments, a unit dosage form of the
invention comprises about 5 mg to about 400 mg of the quinoline compound such as I-1, or a
pharmaceutically acceptable salt thereof. In some embodiments, a unit dosage form of the
invention is suitable for oral administration. In some embodiments, a unit dosage form of the
invention comprises one or more pharmaceutically acceptable excipients or carriers. In some
embodiments, the one or more pharmaceutically acceptable excipients or carriers are selected
from one or more of Eudragit L100, microcrystalline cellulose, lactose monohydrate,
croscarmellose sodium, crospovidone (Kollidon CL), a vinylpyrrolidone-vinyl acetate
copolymer such as Kollidon VA64, sodium lauryl sulfate, and magnesium stearate. In some
embodiments, a unit dosage form of the invention exhibits pharmacokinetics results as

described herein.

[0009] In another aspect, the present invention provides a method for reducing levels of one
or more toxic aldehydes in a subject, comprising administering to a subject in need thereof a

pharmaceutical composition, as described herein.

[0010] In some embodiments, the toxic aldehyde is selected from formaldehyde,
acetaldehyde, acrolein, glyoxal, methylglyoxal, hexadecanal, octadecanal, hexadecenal,
succinic semi-aldehyde, malondialdehyde, 4-hydroxynonenal, 4-hydroxy-2E-hexenal, 4-
hydroxy-2E,6Z-dodecadienal, retinaldehyde, leukotriene B4 aldehyde, and octadecenal.

[0011] In some embodiments, the toxic aldehyde is formaldehyde. In some embodiments,
the toxic aldehyde is acetaldehyde. In some embodiments, the toxic aldehyde is acrolein. In
some embodiments, the toxic aldehyde is glyoxal. In some embodiments, the toxic aldehyde
is methylglyoxal. In some embodiments, the toxic aldehyde is hexadecanal. In some
embodiments, the toxic aldehyde is octadecanal. In some embodiments, the toxic aldehyde is
hexadecenal. In some embodiments, the toxic aldehyde is succinic semi-aldehyde (SSA). In
some embodiments, the toxic aldehyde is malondialdehyde (MDA). In some embodiments,
the toxic aldehyde is 4-hydroxynonenal. In some embodiments, the toxic aldehyde is

retinaldehyde. In some embodiments, the toxic aldehyde is 4-hydroxy-2E-hexenal. In some
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embodiments, the toxic aldehyde is 4-hydroxy-2E,6Z-dodecadienal. In some embodiments,

the aldehyde is leukotriene B4 aldehyde. In some embodiments, the aldehyde is octadecenal.

[0012] In another aspect, the present invention provides a method for treating a disease,
disorder, or condition described herein, comprising administering a pharmaceutical

composition to a subject in need thereof, as described herein.

[0013] In some embodiments, the disease, disorder, or condition is an inflammatory
condition. In some embodiments, the inflammatory disorder is systemic. In some

embodiments, the inflammatory disorder is localized to a particular tissue or organ.

[0014] In some embodiments, the disease, disorder or condition for treatment with the
compounds of the disclosure is fatty liver. In some embodiments, the disease, disorder or
condition for treatment with the compounds of the disclosure is non-alcoholic fatty liver disease
(NAFLD), non-alcoholic steatohepatitis (NASH), inflammatory bowl disease, Crohn’s disease,
ulcerative colitis (UC), psoriasis, IBS (irritable bowel syndrome or spastic colon), ankylosing
spondylitis, osteoporosis, rheumatoid arthritis (RA), psoriatic arthritis, chronic obstructive
pulmonary disease (COPD), atherosclerosis, pulmonary arterial hypertension, pyridoxine-
dependent epilepsy, atopic dermatitis, atopic eczema, rosacea, multiple sclerosis (MS),
systemic lupus erythematosus (SLE), lupus nephritis, sepsis, eosinophilic esophagitis, chronic
kidney disease (CKD), fibrotic renal disease, chronic eosinophilic pneumonia, extrinsic
allergic alveolitis, pre-eclampsia, endometriosis, polycystic ovary syndrome (PCOS), reduced
female fertility, reduced sperm viability and motility, or cyclophosphamide-induced

hemorrhagic cystitis.

[0015] In some embodiments, the disease, disorder, or condition for treatment with the
compounds of the disclosure is lung-based chronic obstructive pulmonary disease (COPD),
interstitial lung disease (ILD), idiopathic pulmonary fibrosis (IPF), cystic fibrosis (CF),
emphysema due to alpha-1 antitrypsin deficiency, or pulmonary arterial hypertension (PAH).

[0016] In some embodiments, the disease, disorder, or condition for treatment with the
compounds of the disclosure is light chain deposition disease, [gA nephropathy, end stage renal
disease, gout, pseudogout, diabetic nephrophathy, diabetic neuropathy, traumatic brain injury,
noise-induced hearing loss, Alzheimer’s Disease, Parkinson’s Disease, Huntington Disease,
amyotrophic lateral sclerosis, primary biliary cirrhosis, primary sclerosing cholangitis, uterine

lelomyoma, sarcoidosis, or chronic kidney disease.
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[0017] In some embodiments, the disease, disorder, or condition for treatment with the
compounds of the disclosure is an ocular inflammatory disorder. In some embodiments, the
ocular inflammatory disorder is diabetic macular edema (DME), atopic keratoconjunctivitis
(AKCQ), vernal keratoconjunctivitis (VKC), age-related macular degeneration (AMD)), dry eye
disease (DED), allergic conjunctivitis (AC), dry eye disease with allergic conjunctivitis,
noninfectious anterior uveitis, posterior uveitis, pan-uveitis, post-surgical ocular pain and
inflammation. In some embodiments, the disease, disorder, or condition is neurotrophic
keratitis. In some embodiments, the disease, disorder, or condition is corneal graft vs. host
disecase. In some embodiments, the disease, disorder, or condition is scleritis.

[0018] In some embodiments, the disease, disorder, or condition is chronic cough. In some
embodiments, the disease, disorder, or condition is pneumonia. In some embodiments, the
disease, disorder, or condition is asthma. In some embodiments, the disease, disorder, or
condition is atopic asthma. In some embodiments, the disease, disorder, or condition is allergic
asthma. In some embodiments, the disease, disorder, or condition is allergic rhinitis. In some
embodiments, the disease, disorder, or condition is sinusitis. In some embodiments, the

disease, disorder, or condition is hay fever.

[0019] In some embodiments, the atopic (or allergic) asthma is triggered by an allergen such
as an indoor, outdoor, or occupational allergen, including pollen, dust, an animal (e.g., cat
dander or dog hair), or dust mites. In some embodiments, the atopic asthma patient also has

another condition selected from seasonal allergies, eczema, and a food allergy.

[0020] In some embodiments, the disease, disorder, or condition is pulmonary sepsis. In
some embodiments, the disease, disorder, or condition is sepsis or septic shock. In some
embodiments, the disease, disorder, or condition is keratitis. In some embodiments, the
disease, disorder, or condition is graft vs. host disease, such as graft vs. host disease after a
corneal or organ transplant. In some embodiments, the disease, disorder, or condition is
arthritis, osteoarthritis, or rheumatoid arthritis. In some embodiments, the disease, disorder, or
condition is multiple sclerosis. In some embodiments, the disease, disorder, or condition is
amyotrophic lateral sclerosis. In some embodiments, the disease, disorder, or condition is
Alzheimer’s disease. In some embodiments, the disease, disorder, or condition is Huntington’s
disease. In some embodiments, the disease, disorder, or condition is Parkinson’s disease. In

some embodiments, the disease, disorder, or condition is fibrosis.
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[0021] Insome embodiments, the disease, disorder, or condition is alcohol induced hepatitis.
In some embodiments, the disease, disorder, or condition is minimal change disease. In some

embodiments, the disease, disorder, or condition is focal segmental glomerulosclerosis.

[0022] In some embodiments, the disease, disorder, or condition is acute respiratory distress

syndrome (ARDS). In some embodiments, the ARDS is associated with a viral infection.

[0023] In some embodiments, the disease, disorder, or condition is a viral infection, such as

SARS-CoV2.

[0024] Insome embodiments, the disease, disorder, or condition is atopic dermatitis. In some
embodiments, the disease, disorder, or condition is atopic eczema. In some embodiments, the

disease, disorder, or condition is psoriasis.

[0025] In some embodiments, the disease, disorder, or condition is diabetic macular edema.

In some embodiments, the disease, disorder, or condition is Stargardt’s disease.

[0026] In some embodiments, the disease, disorder, or condition is keratitis. In some
embodiments, the disease, disorder, or condition is neurotrophic keratitis. In some

embodiments, the disease, disorder, or condition is scleritis.
[0027] Insome embodiments, the unit dosage form is administered systemically.
[0028] In some embodiments, the unit dosage form is administered orally.

[0029] In some embodiments, the pharmaceutical composition is a liquid. In some

embodiments, the pharmaceutical composition is administered as a liquid via nasogastric tube.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0030] FIG. 1 shows the blood time-concentration profile in beagle dogs administered
compound I-1 (Group 1; intravenous administration) with data points (markers) and model
prediction (solid lines).

[0031] FIG. 2 shows the blood time-concentration profile in beagle dogs administered
compound I-1 (Group 2; oral gavage) with data points (markers) and model prediction (solid

lines).

[0032] FIG. 3 shows the blood time-concentration profile in beagle dogs administered

compound I-1 (Group 3; capsule) with data points (markers) and model prediction (solid lines).
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[0033] FIG. 4 shows plasma total area under the curve (AUC) of malondialdehyde (MDA)

in plasma of human subjects administered I-1 orally in a Phase 1 trial.

[0034] FIG. 5 shows area under the curve (AUC) of malondialdehyde (MDA) on day 1 and
day 8 in plasma of human subjects administered I-1 orally in a Phase 1 trial. At the top dose
(600 mg BID), a Cmax of 1700 ng/mL (approximately 8.5 mM) and an AUCq.12 of 7220

h*ng/mL were observed.

[0035] FIG. 6 shows the pharmacokinetic profiles of PO-dosed compound I-1 and ADX-
102 (reproxalap) in Sprague-Dawley rats. The 10 mg/kg data for reproxalap is multiplied by

five for comparison purposes since compound I-1 was dosed at 50 mg/kg.

[0036] FIG. 7 shows the dose-normalized pharmacokinetic profiles of PO-dosed compound

I-1 and ADX-102 (reproxalap) in Sprague-Dawley rats.

DETAILED DESCRIPTION

1. General Description of Certain Aspects of the Invention

[0037] In some aspects, the present disclosure provides pharmaceutical compositions,
formulations, and unit dosage forms comprising a quinoline compound, or a pharmaceutically
acceptable salt thereof, described herein. In some embodiments, the pharmaceutical
composition is suitable for oral administration. In some embodiments, the unit dosage form is
suitable for oral administration. In some embodiments, the unit dosage form is a capsule or
tablet for oral administration. In some aspects, the present disclosure provides compounds,
compositions, and methods for the treatment, amelioration, prevention, and/or reduction of a

risk of a disease, disorder, or condition such as those described herein.

[0038] In one aspect, the present disclosure provides a pharmaceutical composition

comprising a compound of Formula I:

RZ R
R3 N R®
R* N R
R5
I

or a pharmaceutically acceptable salt thereof, wherein:
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each of R!, R7, and R® is independently H, D, halogen, -NH», -CN, -OR, -SR, optionally

R2

R3

R4

RS

Ré a
Réb

OH

substituted Cy.¢ aliphatic, or R®  R®®  wherein one of R!, R7, and R® is -NH, and one of

OH

R! R, and R is R®" R®

is selected from -R, halogen, -CN, -OR, -SR, -N(R)2, -N(R)C(O)R, -C(O)N(R), -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

is selected from -R, halogen, -CN, -OR, -SR, -N(R)2, -N(R)C(O)R, -C(O)N(R), -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

is selected from -R, halogen, -CN, -OR, -SR, -N(R)2, -N(R)C(O)R, -C(O)N(R), -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO2N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

is selected from -R, halogen, -CN, -OR, -SR, -N(R)2, -N(R)C(O)R, -C(O)N(R), -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

is Ci4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms;

is C14 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms; or R
and R, taken together with the carbon atom to which they are attached, form a 3- to 8-
membered cycloalkyl or heterocyclyl ring containing 1-2 heteroatoms selected from

nitrogen, oxygen, and sulfur; and

each R is independently selected from hydrogen, deuterium, and an optionally substituted

group selected from Ci6 aliphatic; a 3- to 8-membered saturated or partially unsaturated
monocyclic carbocyclic ring; phenyl; an 8- to 10-membered bicyclic aryl ring; a 3- to 8-
membered saturated or partially unsaturated monocyclic heterocyclic ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, and sulfur; a 5- to 6-membered
monocyclic heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur; a 6- to 10-membered bicyclic saturated or partially unsaturated
heterocyclic ring having 1-5 heteroatoms independently selected from nitrogen, oxygen,
and sulfur; and a 7- to 10-membered bicyclic heteroaryl ring having 1-5 heteroatoms

independently selected from nitrogen, oxygen, and sulfur;
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and a pharmaceutically acceptable excipient or carrier.

[0039] In another aspect, the present disclosure provides a pharmaceutical composition

comprising a compound of formula II:

RZ2 R
R3 o NH2
R5 R6a RGb
1|

or a pharmaceutically acceptable salt thereof, wherein:

R!is H, D, or halogen;

R?is H, D, or halogen;

R3 is H, D, or halogen;

R*is H, D, or halogen;

R’ is H, D, or halogen;

R% is C.4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms; and
R® is C1.4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms;

and a pharmaceutically acceptable excipient or carrier.

2. Definitions

[0040] Compounds of the present invention include those described generally above, and are
further illustrated by the classes, subclasses, and species disclosed herein. As used herein, the
following definitions shall apply unless otherwise indicated. For purposes of the present
disclosure, the chemical elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 75® Ed. Additionally, general
principles of organic chemistry are described in Organic Chemistry, Thomas Sorrell,
University Science Books, Sausalito: 1999, and March’s Advanced Organic Chemistry, 5%
Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons, New York: 2001, the entire contents

of which are hereby incorporated by reference.

[0041] The term “aliphatic” or “aliphatic group,” as used herein, means a straight-chain (i.e.,
unbranched) or branched, substituted or unsubstituted hydrocarbon chain that is completely
saturated or that contains one or more units of unsaturation, or a monocyclic hydrocarbon or

bicyclic hydrocarbon that is completely saturated or that contains one or more units of
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unsaturation, but which is not aromatic (also referred to herein as “carbocycle,”
“cycloaliphatic” or “cycloalkyl”), that has a single point of attachment to the rest of the
molecule. Unless otherwise specified, aliphatic groups contain 1-6 aliphatic carbon atoms. In
some embodiments, aliphatic groups contain 1-5 aliphatic carbon atoms. In other
embodiments, aliphatic groups contain 1-4 aliphatic carbon atoms. In still other embodiments,
aliphatic groups contain 1-3 aliphatic carbon atoms, and in yet other embodiments, aliphatic
groups contain 1-2 aliphatic carbon atoms. In some embodiments, “cycloaliphatic” (or
“carbocycle” or “cycloalkyl”) refers to a monocyclic C3-Cg¢ hydrocarbon that is completely
saturated or that contains one or more units of unsaturation, but which is not aromatic, that has
a single point of attachment to the rest of the molecule. Suitable aliphatic groups include, but
are not limited to, linear or branched, substituted or unsubstituted alkyl, alkenyl, alkynyl groups

and hybrids thereof such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

[0042] The term “lower alkyl” refers to a Ci4 straight or branched alkyl group. Exemplary
lower alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and tert-butyl.

[0043] The term “lower haloalkyl” refers to a Ci-4 straight or branched alkyl group that is

substituted with one or more halogen atoms.

[0044] The term “heteroatom” means one or more of oxygen, sulfur, nitrogen, phosphorus,
or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR" (as in N-substituted
pyrrolidinyl)).

[0045] The term “unsaturated,” as used herein, means that a moiety has one or more units of

unsaturation.

[0046] As used herein, the term “bivalent Cig (or Ci-¢) saturated or unsaturated, straight or
branched, hydrocarbon chain”, refers to bivalent alkylene, alkenylene, and alkynylene chains

that are straight or branched as defined herein.

[0047] The term “alkylene” refers to a bivalent alkyl group. An “alkylene chain” is a
polymethylene group, i.e., —(CHz)s—, wherein n is a positive integer, preferably from 1 to 6,
from 1 to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A substituted alkylene chain is a
polymethylene group in which one or more methylene hydrogen atoms are replaced with a
substituent. Suitable substituents include those described below for a substituted aliphatic
group.

10
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[0048] The term “alkenylene” refers to a bivalent alkenyl group. A substituted alkenylene
chain is a polymethylene group containing at least one double bond in which one or more
hydrogen atoms are replaced with a substituent. Suitable substituents include those described

below for a substituted aliphatic group.
[0049] The term “halogen” means F, Cl, Br, or L.

[0050] The term “aryl” used alone or as part of a larger moiety as in “aralkyl,” “aralkoxy,”
or “aryloxyalkyl,” refers to monocyclic or bicyclic ring systems having a total of five to
fourteen ring members, wherein at least one ring in the system is aromatic and wherein each
ring in the system contains 3 to 7 ring members. The term “aryl” may be used interchangeably
with the term “aryl ring.” In some embodiments, the term “aryl” used alone or as part of a
larger moiety as in “aralkyl,” “aralkoxy,” or “aryloxyalkyl,” refers to monocyclic and bicyclic
ring systems having a total of five to 10 ring members, wherein at least one ring in the system
is aromatic and wherein each ring in the system contains three to seven ring members. In
certain embodiments of the compounds, “aryl” refers to an aromatic ring system which
includes, but not limited to, phenyl, biphenyl, naphthyl, anthracyl and the like, which may bear
one or more substituents. Also included within the scope of the term “aryl,” as it is used herein,
is a group in which an aromatic ring is fused to one or more non—aromatic rings, such as

indanyl, phthalimidyl, naphthimidyl, phenanthridinyl, or tetrahydronaphthyl, and the like.

[0051] The terms “heteroaryl” and “heteroar—,” used alone or as part of a larger moiety, e.g.,
“heteroaralkyl,” or “heteroaralkoxy,” refer to groups having 5 to 10 ring atoms, preferably 5,
6, or 9 ring atoms; having 6, 10, or 14 & electrons shared in a cyclic array; and having, in
addition to carbon atoms, from one to five heteroatoms. The term “heteroatom” refers to
nitrogen, oxygen, or sulfur, and includes any oxidized form of nitrogen or sulfur, and any
quaternized form of a basic nitrogen. Heteroaryl groups include, without limitation, thienyl,
furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolizinyl,
purinyl, naphthyridinyl, and pteridinyl. The terms “heteroaryl” and “heteroar—, as used herein,
also include groups in which a heteroaromatic ring is fused to one or more aryl, cycloaliphatic,
or heterocyclyl rings, where the radical or point of attachment is on the heteroaromatic ring.
Nonlimiting examples include indolyl, isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl,
indazolyl, benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 4H—quinolizinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and pyrido[2,3-b]-1,4—oxazin—
11
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3(4H)—one. A heteroaryl group may be mono— or bicyclic. The term “heteroaryl” may be used
interchangeably with the terms “heteroaryl ring,” “heteroaryl group,” or “heteroaromatic,” any
of which terms include rings that are optionally substituted. The term “heteroaralkyl” refers to
an alkyl group substituted by a heteroaryl, wherein the alkyl and heteroaryl portions

independently are optionally substituted.

[0052] As used herein, the terms “heterocycle,” “heterocyclyl,” “heterocyclic radical,” and
“heterocyclic ring” are used interchangeably and refer to a stable 5- to 7-membered monocyclic
or 7- to l0-membered bicyclic heterocyclic moiety that is either saturated or partially
unsaturated, and having, in addition to carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference to a ring atom of a heterocycle, the
term "nitrogen" includes a substituted nitrogen. As an example, in a saturated or partially
unsaturated ring having 0-3 heteroatoms selected from oxygen, sulfur and nitrogen, the
nitrogen may be N (as in 3,4—dihydro-2H—pyrrolyl), NH (as in pyrrolidinyl), or "NR (as in N—
substituted pyrrolidinyl).

[0053] A heterocyclic ring can be attached to its pendant group at any heteroatom or carbon
atom that results in a stable structure and any of the ring atoms can be optionally substituted.
Examples of such saturated or partially unsaturated heterocyclic radicals include, without
limitation, tetrahydrofuranyl, tetrahydrothiophenyl pyrrolidinyl, piperidinyl, pyrrolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl. The
terms “heterocycle,” “heterocyclyl,” “heterocyclyl ring,” “heterocyclic group,” “heterocyclic
moiety,” and “heterocyclic radical,” are used interchangeably herein, and also include groups
in which a heterocyclyl ring is fused to one or more aryl, heteroaryl, or cycloaliphatic rings,
such as indolinyl, 3A—indolyl, chromanyl, phenanthridinyl, or tetrahydroquinolinyl, where the
radical or point of attachment is on the heterocyclyl ring. A heterocyclyl group may be mono—
or bicyclic. The term “heterocyclylalkyl” refers to an alkyl group substituted by a heterocyclyl,

wherein the alkyl and heterocyclyl portions independently are optionally substituted.

[0054] As used herein, the term “partially unsaturated” refers to a ring moiety that includes
at least one double or triple bond. The term “partially unsaturated” is intended to encompass
rings having multiple sites of unsaturation, but is not intended to include aryl or heteroaryl

moieties, as herein defined.

12
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3

[0055] As described herein, compounds of the disclosure may contain “optionally
substituted” moieties. In general, the term “substituted,” whether preceded by the term
“optionally” or not, means that one or more hydrogens of the designated moiety are replaced
with a suitable substituent. Unless otherwise indicated, an “optionally substituted” group may
have a suitable substituent at each substitutable position of the group, and when more than one
position in any given structure may be substituted with more than one substituent selected from
a specified group, the substituent may be either the same or different at every position.
Combinations of substituents envisioned for the compounds herein are preferably those that
result in the formation of stable or chemically feasible compounds. The term “stable,” as used
herein, refers to compounds that are not substantially altered when subjected to conditions to

allow for their production, detection, and, in certain embodiments, their recovery, purification,

and use for one or more of the purposes disclosed herein.

[0056] Suitable monovalent substituents on a substitutable carbon atom of an “optionally
substituted” group are independently halogen, -(CH2)o4R°®; -(CH2)o4OR?; -O(CH2)0-4R°, —O—
(CH2)04C(O)OR®; —(CH2)o4CH(OR®)2; —(CH2)0-4SR® —(CH2)o-4Ph, which may be
substituted with R°; (CH2)o-4O(CH2)o-1Ph which may be substituted with R°; -CH=CHPh,
which may be substituted with R°; -(CH2)o-4O(CHz2)o-1-pyridyl which may be substituted with

R®; —NOs; —CN; —N3; ~(CH2)o 4N(R®)2; —(CHz)o sN(R?)C(O)R®; —N(R®)C(S)R®; —(CHa)o-
N(R®)C(O)NR; N(R®)C(S)NR®3; —(CHa)o 4N(R®)C(O)OR®; -
NRNR)C(O)R®; -N(RN(R)C(O)NR®; -N(R®)N(R®)C(0)OR?; —(CHz)o 4C(O)R®; —
C(S)R®; —(CH2)04C(0)OR®; (CHz)o4C(0)SR®; -(CH2)o4C(0)OSiRs; —(CH2)o4OC(O)R®;

~0C(0)(CH2)0 4SR—, SC(S)SR®; —(CHa2)s 4SC(O)R®; —(CHz)o 4C(O)NR®; —C(S)NROx;
C(S)SR%  —SC(S)SR°, ~(CIL)o 4OC(O)NR®; -C(O)N(OR®)R®; —C(O)C(O)R®; —
C(O)CH2C(0)R®; ~C(NOR®)R®; ~(CHa)o 4SSR®; —(CH2)o 4S(0)2R; —(CHa)o 4S(0)20R;

(CH2)04O0S(0)2R%; —S(0)2NR®2; -(CH2)0-4S(O)R?; -N(R®)S(0)2NR%; —N(R®)S(0)2R®;
N(OR®)R®; —C(NH)NR®2; —P(0)2R®; -P(O)R°2; -OP(O)R®,; —OP(O)(OR®)2; SiR°3; —(Ci4
straight or branched alkylene)O-N(R)2; or —(Cis straight or branched alkylene)C(O)O—

N(R®)2, wherein each R° may be substituted as defined below and is independently hydrogen,
Cis aliphatic, -CH2Ph, —O(CH2)o-1Ph, -CH2-(5-6 membered heteroaryl ring), or a 5-6—
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently

selected from nitrogen, oxygen, and sulfur, or, notwithstanding the definition above, two

13
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independent occurrences of R°, taken together with their intervening atom(s), form a 3—12—
membered saturated, partially unsaturated, or aryl mono— or bicyclic ring having 04
heteroatoms independently selected from nitrogen, oxygen, and sulfur, which may be

substituted as defined below.

[0057] Suitable monovalent substituents on R° (or the ring formed by taking two independent

occurrences of R® together with their intervening atoms), are independently halogen, —(CHa)o-
sR®, —(haloR®), (CH2)o20H, «(CH2)y20R®, -(CH2)o 2CH(OR®),; -O(haloR®), -CN, —N3, —
(CH2)02C(O)R®, —(CH2)o-C(O)OH, —(CH2)o>C(O)OR®, —(CHz)o-2SR®, —(CHz)o2SH, —
(CH2)o-2NH2, -(CH2)ooNHR®, —(CH>2)02NR®>, -NO2, —SiR®3;, —OSiR®;, -C(O)SR®, —(C14
straight or branched alkylene)C(O)OR®, or ~SSR® wherein each R® is unsubstituted or where
preceded by “halo” is substituted only with one or more halogens, and is independently selected
from Cy 4 aliphatic, —CH2Ph, —O(CH2)o-1Ph, and a 5—6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Suitable divalent substituents on a saturated carbon atom of R® include =0

and =S.

[0058] Suitable divalent substituents on a saturated carbon atom of an “optionally
substituted” group include the following: =0, =S, =NNR";, =NNHC(O)R", =NNHC(O)OR”,
=NNHS(0):R", =NR’, =NOR’, —-O(C(R"2))>30-, or -S(C(R"))>3S-, wherein each
independent occurrence of R’ is selected from hydrogen, Ci-6 aliphatic which may be
substituted as defined below, and an unsubstituted 5- to 6—membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Suitable divalent substituents that are bound to vicinal substitutable
carbons of an “optionally substituted” group include: —O(CR":)» 30—, wherein each
independent occurrence of R’ is selected from hydrogen, Ci_ aliphatic which may be
substituted as defined below, and an unsubstituted 5 to 6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms independently selected from nitrogen,

oxygen, and sulfur,

[0059] Suitable substituents on the aliphatic group of R’ include halogen, -
R®, -(haloR®), -OH, ~OR®, -O(haloR®), -CN, ~C(O)OH, ~C(O)OR®, -NH,, -NHR®, -NR*>,
or -NO3, wherein each R® is unsubstituted or where preceded by “halo” is substituted only

with one or more halogens, and is independently Ci4 aliphatic, -CH2Ph, —O(CH2)o-1Ph, or a
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5- to 6-membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms

independently selected from nitrogen, oxygen, and sulfur.

[0060] Suitable substituents on a substitutable nitrogen of an “optionally substituted” group
include -RY, ~NR", ~C(O)RT, ~C(O)OR', ~C(0)C(O)RT, -
C(O)CH2C(O)R', -S(O)Rf, -S(0)NR',, —C(S)NRT,, —C(NH)NR'5, or —-N(R")S(O)R;
wherein each R is independently hydrogen, Ci-6 aliphatic which may be substituted as defined
below, unsubstituted —OPh, or an unsubstituted 5- to 6—membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur, or, notwithstanding the definition above, two independent occurrences of
RT, taken together with their intervening atom(s) form an unsubstituted 3- to 12-membered
saturated, partially unsaturated, or aryl mono— or bicyclic ring having 0—4 heteroatoms

independently selected from nitrogen, oxygen, and sulfur.

[0061] Suitable substituents on the aliphatic group of R are independently halogen, —
R®, -(haloR*®), —-OH, -OR®, —O(haloR *), -CN, —C(O)OH, -C(O)OR®, -NH,, -NHR®, -NR*;,
or -NO2, wherein each R® is unsubstituted or where preceded by “halo” is substituted only with
one or more halogens, and is independently Ci—4 aliphatic, -CH>Ph, —O(CH>)o_1Ph, or a 5- to
6-membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms

independently selected from nitrogen, oxygen, and sulfur.

[0062] Asused herein, the term “pharmaceutically acceptable salt” refers to those salts which
are, within the scope of sound medical judgment, suitable for use in contact with the tissues of
humans and lower animals without undue toxicity, irritation, allergic response and the like, and
are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are
well known in the art. For example, S. M. Berge et al., describe pharmaceutically acceptable
salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention include those derived
from suitable inorganic and organic acids and bases. Examples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an amino group formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with
organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic
acid or malonic acid or by using other methods used in the art such as ion exchange. Other
pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, besylate, benzoate, bisulfate, borate, butyrate, camphorate,

camphorsulfonate,  citrate,  cyclopentanepropionate,  digluconate,  dodecylsulfate,
15
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cthanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate, hemisulfate,
heptanoate, hexanoate, hydroiodide, 2-hydroxy—ethanesulfonate, lactobionate, lactate, laurate,
lauryl sulfate, malate, maleate, malonate, mesylate, 2—naphthalenesulfonate, nicotinate, nitrate,
oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3—phenylpropionate, phosphate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p—toluenesulfonate,

undecanoate, valerate salts, and the like.

[0063] Salts derived from appropriate bases include alkali metal, alkaline earth metal,
ammonium and N'(C;salkyl)s salts. Representative alkali or alkaline earth metal salts include
sodium, lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically
acceptable salts include, when appropriate, nontoxic ammonium, quaternary ammonium, and
amine cations formed using counterions such as halide, hydroxide, carboxylate, sulfate,

phosphate, nitrate, loweralkyl sulfonate and aryl sulfonate.

[0064] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, Z and E double
bond isomers, and Z and E conformational isomers. Therefore, single stereochemical isomers
as well as enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the
present compounds are within the scope of the invention. Unless otherwise stated, all

tautomeric forms of the compounds of the invention are within the scope of the invention.

[0065] Serum pharmacokinetic parameters can be computed using WinNonlin Version 3.2
(Pharsight®, Mountain View, CA) using standard non-compartmental or compartmental
methods. As used herein, the term “Cmax” refers to the maximum observed serum
concentration of test compound estimated directly from concentration versus time data. As
used herein, the term “Tmax” refers to the time of the first occurrence of Cmax. Asused herein,
the term “AUC(0-tlast)” refers to the area under the serum concentration vs. time curve from
time 0 to T (the time of the last quantifiable concentration estimated using the linear/log
trapezoidal approximation). The terminal elimination rate constant (kel) may be estimated
using linear least-square regression analysis of the serum concentration-time data obtained
during the terminal log-linear phase. As used herein, the term “AUC(0-inf)” refers to AUC(0-
tlast) extrapolated to infinity, which is calculated as the sum of AUC(0-tlast) and Cest/kel,
wherein Cest is the predicted plasma concentration obtained from the log linear regression
analysis at the last quantifiable time point. As used herein, the term “t'2” refers to terminal
phase half-life calculated as In(2)/kel. As used herein, the term “AUC(last-inf)” refers to the
16
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area under the serum concentration versus time curve from Tias to infinity, which is estimated
as Cpest/kel, wherein Cpest represented the estimated concentration at time Tias based on the
aforementioned regression analysis. As used herein, the term “AUCt” refers to the area under
the serum concentration versus time curve over the dosing interval. As used herein, the term
“Rac” refers to the accumulation ratio of test compound in the serum, which is calculated as a

measure of drug accumulation at steady state compared to Day 1.

[0066] Urine pharmacokinetic parameters can be used to assess the amount of parent drug
excreted unchanged in the urine. The urine pharmacokinetic parameters can be calculated
under the assumption that the amount of test compound excreted unchanged in the urine over
the dosing interval was at steady state on the last day of dosing during a given oral
administration period. As used herein, the term “Ag” refers to the amount of parent drug
excreted from 0 — 12 hours post dose on the final day of oral dosing, calculated by (Urine
Compound Concentration x Urine Volume). As used herein, the term “Agr/Dose” refers to
percent of Dose renally excreted unchanged on final day of oral dosing, calculated by (Ag /
Dose) x 100. As used herein, the term “CLRr” refers to renal clearance on the final day of oral
dosing, calculated by (Ag/ AUCt). As used herein, the term “CLg/Fu” refers to renal clearance
of unbound drug, calculated by (CLr / Fu), where the fraction of drug in the serum not bound

to proteins (Fu) is determined from in vitro human serum protein binding data.

[0067] Asused herein, the terms “fasting state,” “fasting condition,” “fasted state,” or “fasted
condition,” refer to a state or condition following at least about 8 hour fast from all food and
drink (except water). In some embodiments, a subject is to fast from all food and drink (except
water) for at least 8 hours prior to receiving dosing in the morning, and continue to fast until

lunch.

[0068] As used herein, the terms “fed state” or “fed condition” refer to a state or condition
following a standardized high-fat meal. In some embodiments, an administration in a fed state
refers to an administration following a standard FDA high-fat breakfast. In some embodiments,
subjects receiving the fed regimen fast from all food and drink (except water) for at least 8
hours prior to receiving a test meal. In some embodiments, prior to dosing on Day 1, subjects
are served a standard FDA high-fat breakfast composed of 2 eggs fried in butter, 2 strips of
bacon, 2 slices of toast with 2 pats of butter, 4 ounces of hash browns and 8 ounces of whole
milk, to be ingested and completely consumed within 20 minutes. This breakfast contains

approximately 150 protein kcal, 250 carbohydrate kcal, and 500-600 fat kcal. In some
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embodiments, an alternative meal may be given provided the meal has similar composition and

caloric contents.

[0069] As used herein, “about” or “approximately” in reference to a numerical value means
that the stated numerical value may vary by up to 10% of the stated value. For example, “about

10” refers to a value 0 9.9 to 10.1 (10 +/- 0.1).

3. Detailed Description of Embodiments

[0070] The compounds described herein are quinoline compounds that have aldehyde
trapping activity, and have been described for use in treating disorders and diseases associated
with the effects of toxic aldehydes. See, e.g., PCT patent publication W0O2006127945,
W02014116836, WO2017035077, and W0O2017035082, each of which is hereby incorporated
by reference. Synthesis of the compounds herein are described in PCT publications
W02006127945, W02017035082, and WO2018039192; and U.S. patent application
publication US 2013/0190500, each of which is hereby incorporated by reference. As
described in the present disclosure, certain quinoline compounds are useful in treating a

disease, disorder, or condition described herein.

[0071] In addition, the disclosures of the following patent applications are hereby
incorporated by reference: WO 2019/075136, filed October 10, 2018; and
PCT/US2021/023884, filed March 24, 2021. These applications provide additional disclosure
related to the quinoline compounds described herein, including their use in treating certain

diseases.

[0072] In some embodiments, compound I-1 is selected as the active pharmaceutical
ingredient and is processed and manufactured to a solid form thereof, such as its most stable
polymorph, prior to compounding into drug product. In some embodiments, the solid form,
e.g., polymorph, is one of those described in PCT/US2020/031138, published as WO
2020/223685, hereby incorporated by reference.

[0073] Accordingly, in one aspect, the present disclosure provides a pharmaceutical

composition comprising a compound of Formula I:

R? R!
3 8
R R
s
R4 N~ "R’
R5
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I
or a pharmaceutically acceptable salt thereof, wherein:
each of R!, R7, and R® is independently H, D, halogen, -NH», -CN, -OR, -SR, optionally

OH

substituted C1 aliphatic, or R%  R®®  wherein one of R', R7, and R® is -NH> and one of

OH

R!,R7,and R%is R® R®;

R? is selected from -R, halogen, -CN, -OR, -SR, -N(R)2, -N(R)C(O)R, -C(O)N(R), -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

R} is selected from -R, halogen, -CN, -OR, -SR, -N(R)2, -N(R)C(O)R, -C(O)N(R), -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

R* is selected from -R, halogen, -CN, -OR, -SR, -N(R)», -N(R)C(O)R, -C(O)N(R),, -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

R> is selected from -R, halogen, -CN, -OR, -SR, -N(R);, -N(R)C(O)R, -C(O)N(R)2, -
NR)C(O)N(R)2, -N(R)C(O)OR, -OC(O)N(R)2, -N(R)S(O):R, -SO:N(R)2, -C(O)R, -
C(O)OR, -OC(O)R, -S(O)R, and -S(O)2R;

R% is C1.4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms;

R® is Cy.4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms; or R®
and R, taken together with the carbon atom to which they are attached, form a 3- to 8-
membered cycloalkyl or heterocyclyl ring containing 1-2 heteroatoms selected from
nitrogen, oxygen, and sulfur; and

each R is independently selected from hydrogen, deuterium, and an optionally substituted
group selected from Ci.s aliphatic; a 3- to 8-membered saturated or partially unsaturated
monocyclic carbocyclic ring; phenyl; an 8- to 10-membered bicyclic aryl ring; a 3- to 8-
membered saturated or partially unsaturated monocyclic heterocyclic ring having 1-4
heteroatoms independently selected from nitrogen, oxygen, and sulfur; a 5- to 6-membered
monocyclic heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur; a 6- to 10-membered bicyclic saturated or partially unsaturated

heterocyclic ring having 1-5 heteroatoms independently selected from nitrogen, oxygen,
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and sulfur; and a 7- to 10-membered bicyclic heteroaryl ring having 1-5 heteroatoms

independently selected from nitrogen, oxygen, and sulfur;
and a pharmaceutically acceptable excipient or carrier.

[0074] In another aspect, the present disclosure provides a pharmaceutical composition

comprising a compound of Formula II:

RZ2 R
R3 o NH2
RA N OH
R5 R6a RGb
I

or a pharmaceutically acceptable salt thereof, wherein:

R!is H, D, or halogen;

R?is H, D, or halogen;

R3 is H, D, or halogen;

R*is H, D, or halogen;

R’ is H, D, or halogen;

R% is C.4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms; and

R® is C1.4 aliphatic optionally substituted with 1, 2, or 3 deuterium or halogen atoms;
and a pharmaceutically acceptable excipient or carrier.
[0075] The following embodiments are applicable to Formula I.

[0076] In some embodiments of Formula I, R is Cy.4 aliphatic. In some embodiments, R®
is Ci4 aliphatic optionally substituted with 1, 2, or 3 deuterium atoms. In some embodiments,

R® is C).4 aliphatic optionally substituted with 1, 2, or 3 halogen atoms.

[0077] In some embodiments of Formula I, R® is Cy4 alkyl. In some embodiments, R% is
Ci4 alkyl optionally substituted with 1, 2, or 3 deuterium or halogen atoms. In some
embodiments, R% is C.4 alkyl optionally substituted with 1, 2, or 3 halogen atoms. In some
embodiments, R® is methyl or ethyl optionally substituted with 1, 2, or 3 halogen atoms. In

some embodiments, R% is methyl.

[0078] As defined generally above, R® is C)_4 aliphatic optionally substituted with 1, 2, or 3

deuterium or halogen atoms.
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[0079] In some embodiments of Formula I, R® is C;4 aliphatic. In some embodiments, R®
is Ci4 aliphatic optionally substituted with 1, 2, or 3 deuterium atoms. In some embodiments,

R® is Cy.4 aliphatic optionally substituted with 1, 2, or 3 halogen atoms.

[0080] In some embodiments of Formula I, R® is Ci4 alkyl. In some embodiments, R®® is
Ci4 alkyl optionally substituted with 1, 2, or 3 deuterium or halogen atoms. In some
embodiments, R® is Ci4 alkyl optionally substituted with 1, 2, or 3 halogen atoms. In some
embodiments, R® is methyl or ethyl optionally substituted with 1, 2, or 3 halogen atoms. In

some embodiments, R® is methyl.

[0081] As defined generally above, in some embodiments, R% and R®®, taken together with
the carbon atom to which they are attached, form a 3- to 8-membered cycloalkyl or heterocyclyl

ring containing 1-2 heteroatoms selected from nitrogen, oxygen, and sulfur.

[0082] In some embodiments of Formula I, R® and R®, taken together with the carbon atom
to which they are attached, form a 3- to 8-membered cycloalkyl. In some embodiments, R®
and R®, taken together with the carbon atom to which they are attached, form a 3- to 8-
membered heterocyclyl ring containing 1-2 heteroatoms selected from nitrogen, oxygen, and

sulfur.

[0083] In some embodiments of Formula I, R® and R®®, taken together with the carbon atom
to which they are attached, form a cyclopropyl, cyclobutyl, or cyclopentyl ring. In some
embodiments, R® and R, taken together with the carbon atom to which they are attached,

form an oxirane, oxetane, tetrahydrofuran, or aziridine.

[0084] In some embodiments of Formula I, the -NH> on one of R!, R, and R® and the

carbinol on the other of R}, R7, and R® are on adjacent carbon atoms of the pyridine moiety.

[0085] In some embodiments, the compound is a compound of Formula I-a, I-b, or I-c:

RZ  NH, R R R? R
R3 N RB R3 N NH N R3 x R8
P S
R4 N~ “R? R* N R R* N~ “NH,
RS R® RS
I-a I-b I-c
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or a pharmaceutically acceptable salt thereof, wherein:
each of R!, R7, and R® when present is independently H, D, halogen, -CN, -OR, -SR,
optionally substituted Ci. aliphatic, or

OH
R%"  R® \wherein one of RY, R7, and R® is
OH
Réa” R . .nd
R2, R3, R* R3, R% R® R’ R®, and R are as defined for Formula I.

[0086] Insome embodiments, the compound for use in the method is a compound of Formula

I-d, I-e, I-f or I-g:

2 R6b R6a
NH2 OH & R2 R1 R6a R6b
6a RGb
I-d I-e I-f I-g

or a pharmaceutically acceptable salt thereof, wherein;
R!and R’ is independently H, D, halogen, -CN, -OR, -SR, optionally substituted C1.¢ aliphatic;
and

R2, R’ R* R, R% R® R’ R® and R are as defined for Formula L.
[0087] The following embodiments are applicable to Formula II.
[0088] As defined generally above, R! is H, D, or halogen.

[0089] In some embodiments, R' is H. In some embodiments, R' is D. In some

embodiments, R! is halogen. In some embodiments, R! is Cl. In some embodiments, R! is Br.
[0090] As defined generally above, R?is H, D, or halogen.

[0091] In some embodiments, R*> is H. In some embodiments, R*> is D. In some

embodiments, R? is halogen. In some embodiments, R? is Cl. In some embodiments, R? is Br.

[0092] As defined generally above, R is H, D, or halogen.
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[0093] In some embodiments, R? is H. In some embodiments, R? is D. In some

embodiments, R? is halogen. In some embodiments, R? is Cl. In some embodiments, R? is Br.
[0094] As defined generally above, R* is H, D, or halogen.

[0095] In some embodiments, R* is H. In some embodiments, R* is D. In some

embodiments, R* is halogen. In some embodiments, R* is C1. In some embodiments, R* is Br.
[0096] As defined generally above, R> is H, D, or halogen.

[0097] In some embodiments, R®> is H. In some embodiments, R> is D. In some

embodiments, R’ is halogen. In some embodiments, R® is Cl. In some embodiments, R? is Br.

[0098] As defined generally above, R® is C1.4 aliphatic optionally substituted with 1, 2, or 3

deuterium or halogen atoms.

[0099] In some embodiments, R% is Cj.4 aliphatic substituted with 1, 2, or 3 deuterium or
halogen atoms. In some embodiments, R® is C;.4 aliphatic. In some embodiments, R% is C14
alkyl. In some embodiments, R® is methyl, ethyl, n-propyl, or isopropyl. In some

embodiments, R® is methyl.

[0100] As defined generally above, R® is C)_4 aliphatic optionally substituted with 1, 2, or 3

deuterium or halogen atoms.

[0101] In some embodiments, R® is C)4 aliphatic substituted with 1, 2, or 3 deuterium or
halogen atoms. In some embodiments, R® is Ci.4 aliphatic. In some embodiments, R® is C;-
4 alkyl. In some embodiments, R® is C;.4 alkyl optionally substituted with 1, 2, or 3 fluorine
atoms. In some embodiments, R® is methyl, ethyl, n-propyl, or isopropyl. In some

embodiments, R® is methyl.

[0102] In some embodiments, R® and R® are methyl or ethyl. In some embodiments, R®

and R are methyl. In some embodiments, R® and R®" are —~CDs.

[0103] Insome embodiments, the compound is of Formula II-a:
R2
R3 - NH2
R4 NG OH
R® RS R%
II-a

or a pharmaceutically acceptable salt thereof, wherein:
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each of R%, R3 R* R® R® and R® is as defined as provided above and described in

embodiments herein, both singly and in combination.

[0104] In some embodiments, the compound is of Formula II-b:
R2
N NH,»
R N OH
RS R6a R
II-b
or a pharmaceutically acceptable salt thereof, wherein:

each of R%, R*, R®, R% and R® is as defined as provided above and described in embodiments

herein, both singly and in combination.

[0105] In some embodiments, the compound is of any one of Formulae Il-¢, II-d, I1-e, or

I1-f:

Cl R?
o NHz o NH2
R4 NSO ¢ N
R5 RGa R6b R5 RGa R6b
II-c I-d
R? R2
o NHz o NH2
R4 N/ OH R N/ OH
Cl RGa RGb R5
II-e II-f

or a pharmaceutically acceptable salt thereof, wherein:
each of R%, R*, R®, R% and R® is as defined as provided above and described in embodiments

herein, both singly and in combination.

[0106] In some embodiments, the compound is of Formula II-g:

| N NH,
Z OH
N
R6a’” R6b

II-g
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or a pharmaceutically acceptable salt thereof, wherein:

each of R® and R® is as defined as provided above and described in embodiments herein, both
singly and in combination.

[0107] In some embodiments, a disclosed pharmaceutical composition comprises a

compound selected from one depicted in Table 1, below.

Table 1: Representative Compounds

- NH2 Cl - NH2
| NG OH | N OH
I-1 I-2
S NH2 | AN NH2
| Z OH
Cl NZ ¢ OH N
Cl
I-3 1-4
cl
Br NH
X NH
lN/ OH ® ;H
s
N
I-5 I-6
- NH2 Cl - NHz
l N/ OH l N/ OH
D;C CD; DsC CD3
I-7 I-8
NP | NH, N | NH,
N OH N OH
F
Cl Cl
19 1-10
OH N OH
F
I-11 I-12
N7 | NHz NP AN
OH
N N OH
c F Cl
F
I-13 1-14
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NZ NH, Cl N NH,
~ | OH | N
Cl Cl
I-15 I-16
Cl N NH,
N/ OH
I-17
D D H D
Cl N NH2 Cl N NH:
& H =
D N © H N OH
D D3C CD3 H H3C CH3
X-1 X-2
D H H H
Cl N NH: Cl o NHz
H
H N/ 0] D N/ OH
H H3C CH3 H H3C CH3
X-3 X-4
H H D H
Cl o NH2 Cl o NH:
& H =
H N © D N OH
D HsC CHs; H HsC CHs
X-5 X-6
H H D H
cl o NH2 Cl o NH2
OH
D NZ H NZ ¢ O
D H3C CH3 D H3C CH3
X-7 X-8
D H D D
Cl N\ NH2 Cl o NH2
& OH H
D N H NT ¢ ©
D H3C CH3 H H3C CH3
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H D
Cl A\ NH:
& OH
D N
H H3C CH3
X-11
D D
cl " NH2
& OH
D N
H H3C CH3
X-13
D D
Cl N NH:
Z OH
H N
D H3C CH3
X-15
H D
Cl N NH:
& OH
H N
H D3C CD3
X-17
H H
Cl o NH2
H
D N/ 0]
H D3Cv CD3
X-19
D H
Cl A\ NH:
H
D N/ @)
H D3C CD3
X-21
D H
Cl N NH:
=z OH
H N

D D3C CD3
X-23
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Cl N NH:
Z OH

H N
D H3C CH3

X-12

H D
Cl N2
Z OH

D N
D H3C CH3

X-14

D D
Cl N NH2
= OH

D N
D H,C CHs;

X-16

D H
Cl " NH2
Z OH

H N
H D3C CD3

X-18

H H
Cl N\ NH2
Z OH

H N
D Dgc CD3

X-20

H H
Cl N2
o~ OH

D N
D D3C CD3

X-22

D H
Cl "\ NH>
Z OH

D N
D D3C CD3

X-24



WO 2021/231792 PCT/US2021/032335
D D H D
Cl o NH2 Cl "\ NH2
H
H N/ O D N/ OH
H D3C CD3 H D3C CD3
X-25 X-26
H D D D
Cl "\ NH2 Cl "\ NH2
OH
H N/ D N/ OH
D D3C CD3 H D3C CD3
X-27 X-28
H D D D
Cl "\ NH2 Cl N\ NH2
H
D N ) H N OH
D D3C CD3 D D3C CD3
X-29 X-30

In some embodiments, the present disclosure provides a pharmaceutical composition

comprising a compound depicted in Table 1, above, or a pharmaceutically acceptable salt

thereof, and one or more pharmaceutically acceptable excipients or carriers.

[0109] In some embodiments, the present invention provides a unit dosage form comprising

a disclosed pharmaceutical composition.

[0110] In some embodiments, the unit dosage form comprises a spray-dried pharmaceutical
composition comprising compound I-1, or a pharmaceutically acceptable salt thereof. In some
embodiments, the unit dosage form is in the form of an oral-powder-for-constitution (OPC)

formulation.

[0111] In some embodiments, the unit dosage form comprises about 1 mg to about 2000 mg

of a disclosed quinoline compound, or a pharmaceutically acceptable salt thereof.

[0112] In some embodiments, the unit dosage form comprises about 1 mg to about 2000 mg

I-1, or a pharmaceutically acceptable salt thereof.

[0113] In some embodiments, the unit dosage form comprises about 1 mg to about 1000 mg

I-1, or a pharmaceutically acceptable salt thereof.
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[0114] In some embodiments, the unit dosage form comprises about 1 mg to about 800 mg,
5 mg to about 500 mg, 10 mg to about 600 mg, or about 10 mg to about 350 mg I-1, or a

pharmaceutically acceptable salt thereof.

[0115] In some embodiments, the unit dosage form comprises about 1 mg, about 5 mg, about
10 mg, about 30 mg, about 40 mg, about 350 mg, or about 450 mg of compound I-1, or a

pharmaceutically acceptable salt thereof.

[0116] In some embodiments, the unit dosage form comprises about 10 mg, about 25 mg,
about 50 mg, about 75 mg, about 100 mg, about 150 mg, about 200 mg, about 250 mg, about
300 mg, about 400 mg, about 500 mg, about 750 mg, or about 1000 mg of compound I-1, or a

pharmaceutically acceptable salt thereof.
[0117] Insome embodiments, the unit dosage form is suitable for systemic administration.

[0118] In some embodiments, the unit dosage form is suitable for parenteral or oral

administration.
[0119] In some embodiments, the unit dosage form is suitable for oral administration.

[0120] In some embodiments, the present invention provides a unit dosage form comprising
a pharmaceutical composition, in liquid form, comprising about 1 mg to about 2000 mg I-1, or

a pharmaceutically acceptable salt thereof, and water.
[0121] In some embodiments, the unit dosage form is a capsule or tablet.

[0122] In some embodiments, the one or more pharmaceutically acceptable excipients or
carriers are selected from one or more of Eudragit 1.100, microcrystalline cellulose, lactose
monohydrate, croscarmellose sodium, crospovidone (Kollidon CL), a vinylpyrrolidone-vinyl

acetate copolymer such as Kollidon VA64, sodium lauryl sulfate, and magnesium stearate.

[0123] In one aspect, the present disclosure provides a pharmaceutical composition

comprising:

a) compound I-1:

or a pharmaceutically acceptable salt thereof;
b) one or more fillers;

c) one or more binders;
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d) one or more disintegrants;

e) one or more glidants;

) one or more lubricants;

g) optionally, one or more surfactants; and

h) optionally, one or more effervescent components.

[0124] In some embodiments, compound I-1 or a pharmaceutically acceptable salt thereof'is
present in the pharmaceutical composition as a spray-dried solid (e.g., obtained from a spray

drying dispersion (SDD)).

[0125] In some embodiments, the pharmaceutical composition exhibits pharmacokinetics

results as described herein.

[0126] In some embodiments, the spray-dried solid comprises a concentration-enhancing
polymer.

[0127] Exemplary concentration-enhancing polymers include those described in US
7,780,988 and US 10,004,719, each of which is hereby incorporated by reference. In some
embodiments, the spray-dried solid is prepared substantially as described in US 7,780,988 or
US 10,004,719, each of which is hereby incorporated by reference.

[0128] Insome embodiments, the concentration-enhancing polymer is selected from selected
from the group consisting of ionizable cellulosic polymers, non-ionizable cellulosic polymers,

and ionizable non-cellulosic polymers, and blends thereof.

[0129] In some embodiments, the concentration-enhancing polymer is selected from the
group consisting of hydroxypropyl methyl cellulose, hydroxypropyl cellulose, carboxymethyl
ethyl cellulose, hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl methyl
cellulose phthalate, cellulose acetate phthalate, and cellulose acetate trimellitate, and blends

thereof.

[0130] In some embodiments, the spray-dried solid comprises an anionic copolymer such as
one based on methacrylic acid and methyl methacrylate. In some embodiments, the anionic
copolymer is a Eudragit polymer. In some embodiments, the anionic copolymer is Eudragit

L100.

[0131] Insome embodiments, the pharmaceutical composition exhibits a PK result, after oral

administration to a human subject, as described herein.
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[0132] In some embodiments, the one or more fillers are selected from ammonium aliginate,
calcium carbonate, calcium lactate, calcium phosphate, calcium silicate, calcium sulfate,
cellulose acetate, compressible sugar (e.g., lactose, glucose, and sucrose), corn starch,
dextrates, erythritol, ethyl cellulose, glyceryl palmitostearate, isomalt, kaolin, magnesium
carbonate, magnesium oxide, maltodextrin, medium-chain triglycerides, microcrystalline
cellulose, pre-gelatinized starch, polydextrose, polymethacrylates, silicic acid, simethicone,
sodium alginate, sodium chloride, mannitol, sorbitol, starch, sugar spheres, sulfobutylether f3-

cyclodextrin, talc, tragacanth, trehalose, and xylitol, or a combination thereof.

[0133] In some embodiments, the filler is microcrystalline cellulose. In some embodiments,
the filler is lactose. In some embodiments, the filler is starch. In some embodiments, the filler

1s a combination of starch and lactose.

[0134] In some embodiments, the filler is a combination of lactose, microcrystalline

cellulose, and mannitol.

[0135] In some embodiments, the one or more binders are selected from acacia gum, agar,
alginic acid, calcium carbonate, calcium lactate, carbomers (e.g., acrylic acid polymer, carboxy
polymethylene, polyacrylic acid, carboxyvinyl polymer), carboxymethylcellulose sodium,
carboxycellulose, carrageenan, cellulose acetate phthalate, ceratonia, chitosan, copovidone,
corn starch, cottonseed oil, dextrates, dextrin, dextrose, ethylcellulose, gelatin, glyceryl
behenate, guar gum, hydrogenated vegetable oil type I, hydroxyethylcellulose,
hydroxyethylmethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose,
hypromellose, inulin, lactose, magnesium aluminum silicate, maltodextrin, maltose,
methylcellulose, microcrystalline cellulose, pectin, poloxamer, polycarbohil, polydextrose,
polyethylene oxide, polymetharylates, polyvinylpyrrolidone, pre-gelatinized starch, povidone,
sodium alginate, starch, stearic acid, sucrose, tricaprylin, vitamin E polyethylene glycol

succinate, and zein.

[0136] In some embodiments, the binder is a vinylpyrrolidone-vinyl acetate copolymer. In

some embodiments, the binder is Kollidon VA64.

[0137] Insome embodiments, the one or more disintegrants are selected from agar, bentonite,
celluloses (e.g., methylcellulose and carboxymethylcellulose), wood products, natural sponge,
cation-exchange resins, alginic acid, gums (e.g., guar gum and Veegum HV), citrus pulp, cross-
linked celluloses (e.g., croscarmellose), cross-linked polymers (e.g., crospovidone), cross-

linked starches, calcium carbonate, microcrystalline cellulose (e.g., sodium starch glycolate),
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polacrilin potassium, starches (e.g., corn starch, potato starch, tapioca starch, and pre-

gelatinized starch), clays, and aligns; and mixtures thereof.

[0138] In some embodiments, the one or more glidants are selected from colloidal silicon
dioxide, CAB-O-SIL™ (Cabot Co. of Boston, MA), fumed silica (Aerosil), and asbestos-free

talc.

[0139] In some embodiments, the one or more glidants are selected from colloidal silicon

dioxide and fumed silica.

[0140] In some embodiments, the one or more lubricants are selected from calcium stearate,
magnesium stearate, mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene
glycol, other glycols, stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil, and soybean oil), zinc
stearate, ethyl oleate, ethyl laureate, agar, and mixtures thereof. In some embodiments, the one
or more lubricants are selected from a syloid silica gel (AEROSIL200), a coagulated acrosol
of synthetic silica (marketed by Degussa Co. of Plano, Tex.), CAB-O-SIL™, and mixtures
thereof.

[0141] Insome embodiments, the one or more surfactants are selected from polyoxyethylene
(20) sorbitan monolaurate (e.g., Tween-20), polyoxyethylene (20) sorbitan monooleate (e.g.,

Tween-80), sodium laurel sulfate, and sodium dodecyl sulfate.
[0142] In some embodiments, the surfactant comprises sodium lauryl sulfate.

[0143] In some embodiments, the one or more effervescent components are selected from a
carbon dioxide-releasing component, such as a bicarbonate-containing component. In some
embodiments, the effervescent component comprises sodium bicarbonate, such as a
compressed mixture of sodium bicarbonate and an organic acid. In some embodiments, the

organic acid is citric acid or tartaric acid.

[0144] In some embodiments, the pharmaceutical composition optionally comprises an
antioxidant or chelating agent. In some embodiments, the antioxidant is ascorbyl palmitate,
butylated hydroxyanisole, butylated hydroxytoluene (BHT), calcium stearate, citric acid,
sodium thiosulfate, sodium metabisulfite, vitamin E, or 3,4-dihydroxybenzoic acid. In some
embodiments, the chelating agent is EDTA (ethylenediamine tetraacetic acid) or disodium

EDTA.
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[0145] In some embodiments, the pharmaceutical composition optionally comprises one or
more diluents. In some embodiments, the pharmaceutical composition comprises one or more
diluents selected from dicalcium phosphate, calcium sulfate, lactose, cellulose, kaolin,
mannitol, sodium chloride, dry starch, microcrystalline cellulose (e.g., AVICEL), microfine
cellulose, pregelitinized starch, calcium carbonate, calcium sulfate, sugar, dextrates, dextrin,
dextrose, dibasic calcium phosphate dihydrate, tribasic calcium phosphate, kaolin, magnesium
carbonate, magnesium oxide, maltodextrin, mannitol, polymethacrylates (e.g., EUDRAGIT),
potassium chloride, sodium chloride, sorbitol, and talc; or ammonium alginate, calcium
carbonate, calcium phosphate, calcium sulfate, cellulose acetate, compressible sugar,
confectioner’s sugar, dextrates, dextrin, dextrose, erythritol, ethylcellulose, fructose, fumaric
acid, glyceryl palmitostearate, isomalt, kaolin, lacitol, lactose, mannitol, magnesium carbonate,
magnesium oxide, maltodextrin, maltose, medium-chain triglycerides, microcrystalline
cellulose, microcrystalline silicified cellulose, powered cellulose, polydextrose,
polymethylacrylates, simethicone, sodium alginate, sodium chloride, sorbitol, starch,
pregelatinized starch, sucrose, sulfobutylether-p-cyclodextrin, talc, tragacanth, trehalose, and

xylitol.

[0146] In some embodiments, the pharmaceutical composition optionally further comprises
one or more additional binders, fillers, diluents, disintegrants, wetting agents, lubricants,
glidants, coloring agents, dye-migration inhibitors, sweetening agents, flavoring agents,
emulsifying agents, suspending and dispersing agents, preservatives, antioxidants, chelating

agents, solvents, non-aqueous liquids, organic acids, and sources of carbon dioxide.

[0147] In one aspect, the present disclosure provides a pharmaceutical composition

comprising:
a) compound I-1:
| N NH,
~ OH
N
or a pharmaceutically acceptable salt thereof;
b) one or more fillers comprising at least one of microcrystalline cellulose, mannitol, and
lactose monohydrate;
c) one or more binders comprising at least Kollidon VA64;
d) one or more disintegrants comprising at least one of croscarmellose sodium and

crospovidone;
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e) one or more glidants comprising fumed silica;

) one or more lubricants comprising magnesium stearate;

2) optionally, one or more surfactants comprising lauryl sulfate; and
h) optionally, one or more effervescent components.

[0148] In some embodiments, compound I-1 or a pharmaceutically acceptable salt thereof'is
present in the pharmaceutical composition as a spray-dried solid (e.g., obtained from a spray
drying dispersion (SDD)). In some embodiments, the spray-dried solid comprises an anionic
copolymer such as one based on methacrylic acid and methyl methacrylate. In some
embodiments, the anionic copolymer is a Eudragit polymer. In some embodiments, the anionic

copolymer is Eudragit L100.

[0149] In some embodiments, the unit dosage form exhibits pharmacokinetics results as

described herein.

[0150] In one aspect, the present disclosure provides a pharmaceutical composition

comprising:
a) compound I-1:
| N NH,
N/ OH
or a pharmaceutically acceptable salt thereof;
b) microcrystalline cellulose, mannitol, and lactose monohydrate;
c) Kollidon VA64;
d) croscarmellose sodium and crospovidone;
e) fumed silica;
) magnesium stearate;
2) optionally, lauryl sulfate; and
h) optionally, one or more effervescent components.

[0151] In some embodiments, the lauryl sulfate is present. In some embodiments, the
effervescent component is present and is a mixture of sodium bicarbonate and citric acid. In

some embodiments, the effervescent component is Effer-soda and citric acid.

[0152] In some embodiments, compound I-1 or a pharmaceutically acceptable salt thereof'is
present in the pharmaceutical composition as a spray-dried solid (e.g., obtained from a spray
drying dispersion (SDD)). In some embodiments, the spray-dried solid comprises an anionic
copolymer such as one based on methacrylic acid and methyl methacrylate. In some
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embodiments, the anionic copolymer is a Eudragit polymer. In some embodiments, the anionic

copolymer is Eudragit L100.

[0153] In some embodiments, the unit dosage form exhibits pharmacokinetics results as

described herein.

[0154] In one aspect, the present disclosure provides a pharmaceutical composition

comprising:
a) a spray-dried solid comprising a mixture of Eudragit L100 and compound I-1:
N NH,
| N OH
or a pharmaceutically acceptable salt thereof;
b) microcrystalline cellulose, mannitol, and lactose monohydrate;
c) Kollidon VA64;
d) croscarmellose sodium and crospovidone;
e) fumed silica;
) magnesium stearate;
g) lauryl sulfate; and
h) optionally, one or more effervescent components.

[0155] In some embodiments, the effervescent component is not present. In some
embodiments, the effervescent component is present and is a mixture of sodium bicarbonate,

sodium carbonate, and citric acid.

[0156] In some embodiments, the pharmaceutical composition comprises about 5% to about
75% w/w of active ingredient. In some embodiments, the pharmaceutical composition
comprises about 15% to about 60% w/w of active ingredient. In some embodiments, the
pharmaceutical composition comprises about 20% to about 40% w/w of active ingredient. In
some embodiments, the pharmaceutical composition comprises about 25% to about 37% w/w

of active ingredient.

[0157] In some embodiments, the pharmaceutical composition comprises about 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

or 95% w/w of active ingredient.

[0158] In some embodiments, the pharmaceutical composition comprises about 31% w/w of

active ingredient.
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[0159] In some embodiments, the active ingredient is compound I-1 or a pharmaceutically

acceptable salt thererof.

[0160] In some embodiments, I-1 or a pharmaceutically acceptable salt thereof is provided
as a spray-dried solid mixed with Eudragit L100. In some embodiments, about 0.9 mg to about
3.6 mg of Eudragit L100 is mixed with each 1 mg of I-1 or pharmaceutically acceptable salt
thereof. In some embodiments, about 1.0 mg to about 3.0 mg of Eudragit L100 is mixed with
each 1 mg of I-1 or pharmaceutically acceptable salt thereof. In some embodiments, about 1.5
mg to about 2.2 mg of Eudragit L100 is mixed with each 1 mg of I-1 or pharmaceutically
acceptable salt thereof. In some embodiments, about 1.8 mg of Eudragit L100 is mixed with

each 1 mg of I-1 or pharmaceutically acceptable salt thereof.

[0161] In some embodiments, the pharmaceutical composition comprises about 16% to 40%
w/w I-1 or pharmaceutically acceptable salt thereof and about 29.3% to about 80% w/w

Eudragit L100.

[0162] In some embodiments, the unit dosage form exhibits pharmacokinetics results as

described herein.

[0163] In some embodiments, the pharmaceutical composition comprises about 1% to about

20% w/w of a filler described herein.

[0164] In some embodiments, the pharmaceutical composition comprises about 1% to about

20% w/w of a disintegrant described herein.

[0165] In some embodiments, the pharmaceutical composition comprises about 2% to about
18% w/w of a binder described herein. In some embodiments, the pharmaceutical composition
comprises about 4% to about 16% w/w of a binder described herein. In some embodiments,
the pharmaceutical composition comprises about 5% to about 10% w/w of a binder described
herein. In some embodiments, the pharmaceutical composition comprises about 7% w/w of a

binder described herein.

[0166] In some embodiments, the pharmaceutical composition comprises about 0.05% to
about 2.0% w/w of a lubricant described herein. In some embodiments, the pharmaceutical
composition comprises about 0.1% to about 1.0% w/w of a lubricant described herein. In some
embodiments, the pharmaceutical composition comprises about 0.25% to about 0.75% w/w of
a lubricant described herein. In some embodiments, the pharmaceutical composition comprises

about 0.5% w/w of a lubricant described herein.
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[0167] In some embodiments, the pharmaceutical composition comprises about 0.05% to
about 2.0% w/w of a glidant described herein. In some embodiments, the pharmaceutical
composition comprises about 0.1% to about 1.0% w/w of a glidant described herein. In some
embodiments, the pharmaceutical composition comprises about 0.25% to about 0.75% w/w of
a glidant described herein. In some embodiments, the pharmaceutical composition comprises

about 0.5% w/w of a glidant described herein.

[0168] In some embodiments, the pharmaceutical composition comprises about 0.05% to
about 2.0% w/w of a surfactant described herein. In some embodiments, the pharmaceutical
composition comprises about 0.1% to about 1.0% w/w of a surfactant described herein. In
some embodiments, the pharmaceutical composition comprises about 0.25% to about 0.75%
w/w of a surfactant described herein. In some embodiments, the pharmaceutical composition

comprises about 0.5% w/w of a surfactant described herein.

[0169] In some embodiments, the pharmaceutical composition comprises about 0.05% to
about 2.0% w/w of an effervescent component described herein. In some embodiments, the
pharmaceutical composition comprises about 0.1% to about 1.0% w/w of an effervescent
component described herein. In some embodiments, the pharmaceutical composition
comprises about 0.25% to about 0.75% w/w of an effervescent component described herein.
In some embodiments, the pharmaceutical composition comprises about 0.5% w/w of an

effervescent component described herein.

[0170] In one aspect, the present disclosure provides a pharmaceutical composition

comprising:
Component Quantity % (w/w) of
(mg/unit) Total
Compound I-1 100 31.5%
Eudragit L100 185.7 58.5%
Pearlitol 200 SD (Mannitol) 6.4 2.0%
Kollidon® VA 64 Fine 222 7.0%
Aerosil 200 Pharma (Fumed Silica) | 1.6 0.50%
Magnesium Stearate 1.6 0.50%
Total 317.5 -
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[0171] In one aspect, the present disclosure provides a pharmaceutical composition

comprising:
No. | Component Function

1 I-1 Crystalline: Eudragit L100 active ingredient and anionic
copolymer excipient

2 Microcrystalline cellulose (Avicel PH102) Filler

3 Mannitol (Pearlitol 200 SD) Filler

4 Lactose Monohydrate Filler

5 Croscarmellose sodium (Ac-Di-Sol) Disintegrant

6 Crospovidone (Kollidon CL) Disintegrant

7 Kollidon VA64 Binder

8 Magnesium Stearate Lubricant

9 Fumed Silica (Aerosil) Glidant

10 Sodium Lauryl Sulphate Surfactant

11 Citric Acid Acidity regulator for effervescent
component

12 Effer-soda (surface modified sodium Effervescent component

bicarbonate/carbonate)
13 Gelatin capsule Encapsulation
14 Hydroxypropyl methylcellulose (HPMC) capsule | Encapsulation

[0172] In some embodiments, the present disclosure provides a unit dosage form comprising

a pharmaceutical composition described herein.

[0173] In some embodiments, the unit dosage form is in the form of a capsule or tablet. In
some embodiments, the capsule is a gelatin capsule. In some embodiments, the capsule is a

hydroxypropyl methylcellulose (HPMC) capsule.

[0174] In some embodiments, the unit dosage form comprises about 1 mg to about 800 mg,
5 mg to about 500 mg, 10 mg to about 600 mg, or about 10 mg to about 350 mg I-1, or a

pharmaceutically acceptable salt thereof.

[0175] In some embodiments, the unit dosage form comprises about 10 mg of compound I-
1 or a pharmaceutically acceptable salt thereof. In some embodiments, the unit dosage form
comprises about 100 mg of compound I-1 or a pharmaceutically acceptable salt thereof. In
some embodiments, the unit dosage form comprises about 300 mg of compound I-1 or a

pharmaceutically acceptable salt thereof.
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[0176] In some embodiments, the present invention provides a pharmaceutical composition

comprising:

(a) Compound I-1:

I-1

or a pharmaceutically acceptable salt thereof, as about 15% to about 60% by weight of
the composition;

(b) a Eudragit polymer as about 27.5% to about 80% by weight of the composition;

(c) a filler comprising one or more of mannitol, lactose, and microcrystalline cellulose
as about 1.0% to about 6.0% by weight of the composition;

(d) a binder comprising a Kollidon® binder as about 3.5% to about 14% by weight of
the composition;

(e) a glidant comprising a silica glidant as about 0.25% to about 2% by weight of the
composition;

(f) a lubricant comprising magnesium stearate as about 0.25% to about 2.0% by weight
of the composition; and

(g) optionally, croscarmellose sodium as 0% to about 8.0% by weight of the
composition,

[0177] In some embodiments, the present invention provides a pharmaceutical composition

comprising:

(a) Compound I-1:

I-1
or a pharmaceutically acceptable salt thereof, as about 25% to about 40% by weight of
the composition;
(b) a Eudragit polymer as about 40% to about 68% by weight of the composition;
(c) a filler comprising one or more of mannitol, lactose, and microcrystalline cellulose
as about 1.0% to about 4.0% by weight of the composition;
(d) a binder comprising a Kollidon® binder as about 4.0% to about 10% by weight of

the composition;
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(e) a glidant comprising a silica glidant as about 0.25% to about 2.0% by weight of the
composition;
(D) a lubricant comprising magnesium stearate as about 0.25% to about 2% by weight
of the composition; and
(g) optionally, croscarmellose sodium as 0% to about 8.0% by weight of the
composition,
[0178] In some embodiments, the present invention provides a unit dosage form comprising
a pharmaceutical composition comprising all or substantially all components as described in

any one of Tables F, G, H, I, and J.

[0179] In some embodiments, a unit dosage form is a capsule, tablet, or powder-in-bottle

form.

[0180] In some embodiments, a unit dosage form of the present disclosure exhibits

pharmacokinetics results as described herein.

[0181] In some embodiments, a unit dosage form described herein that comprises compound
I-1, or a pharmaceutically acceptable salt thereof, upon oral administration to a human subject
in a daily dose of 20 mg, 50 mg, 100 mg, 200 mg, 400 mg, 700 mg, or 1200 mg (or about such

doses, as the case may be), provides a pharmacokinetic result shown in the table below:

Table 2: Exemplary PK Results
20 mg 50 mg 100 mg (200 mg | 400 mg | 700 mg | 1200 mg

Cunax (ng/mL) 26.4 56.7 140 459 869 2020 4220
AUCins (ng*h/mL) 50.0 156 433 1140 2730 6710 14500
ti2 (h) NC NC 3.52 6.04 6.15 7.33 7.69

20 mg 50 mg 100 mg | 200 mg | 400 mg | 700 mg | 1200 mg

Cmax (ng/mL) about about about about about about about
26.4 56.7 140 459 869 2020 4220

AUC;pr (ng*h/mL) about about about about about about about

50.0 156 433 1140 2730 6710 14500

ti2 (h) about about about about about
3.52 6.04 6.15 7.33 7.69
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[0182] Insome embodiments, a unit dosage form described herein that comprises as an active

ingredient compound I-1, or a pharmaceutically acceptable salt thereof, upon oral

administration to a human subject in a dose of 50 mg BID, 150 mg BID, 350 mg BID, or 600

mg BID (or about such doses, as the case may be), provides a pharmacokinetic result shown in

the table below:
Table 3: Exemplary PK Results
Day Dose Mean Cnax Mean AUCy.12 Mean ti
(ng/mL) (h*ng/mL) (h)
1 50 mg BID 70.2 148 3.49
150 mg BID 343 809 4.86
350 mg BID 1190 2950 5.67
600 mg BID 2230 6450 4.15
10 50 mg BID 85.9 252 5.25
150 mg BID 320 1170 6.34
350 mg BID 1230 4340 6.83
600 mg BID 1700 7220 4.66
Day Dose Mean Cax Mean AUC.12 Mean t,
(ng/mL) (h*ng/mL) (h)
1 about 50 mg BID about 70.2 about 148 about 3.49
about 150 mg BID about 343 about 809 about 4.86
about 350 mg BID about 1190 about 2950 about 5.67
about 600 mg BID about 2230 about 6450 about 4.15
10 about 50 mg BID about 85.9 about 252 about 5.25
about 150 mg BID about 320 about 1170 about 6.34
about 350 mg BID about 1230 about 4340 about 6.83
about 600 mg BID about 1700 about 7220 about 4.66
[0183] Insome embodiments, the human subject is a healthy human subject.
[0184] In some embodiments, the pharmacokinetic result described herein is obtained in a

healthy human subject.
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[0185] In some embodiments, a disclosed unit dosage form that comprises as an active
ingredient compound I-1, or a pharmaceutically acceptable salt thereof, upon oral
administration to a human subject in a dose of about 50 mg BID, 150 mg BID, 350 mg BID,
or 600 mg BID, provides a pharmacokinetic result shown in the table above on day 1 of

administration.

[0186] In some embodiments, a disclosed unit dosage form that comprises as an active
ingredient compound I-1, or a pharmaceutically acceptable salt thereof, upon oral
administration to a human subject in a dose of about 50 mg BID, 150 mg BID, 350 mg BID,
or 600 mg BID, provides a pharmacokinetic result shown in the table above after day 1 but

before day 10 of administration.

[0187] In some embodiments, a disclosed unit dosage form that comprises as an active
ingredient compound I-1, or a pharmaceutically acceptable salt thereof, upon oral
administration to a human subject in a dose of about 50 mg BID, 150 mg BID, 350 mg BID,
or 600 mg BID, provides a pharmacokinetic result shown in the table above on day 10 of

administration.

[0188] In some embodiments, a disclosed unit dosage form that comprises as an active
ingredient compound I-1, or a pharmaceutically acceptable salt thereof, upon oral
administration to a human subject in a dose of about 50 mg BID, 150 mg BID, 350 mg BID,
or 600 mg BID, provides a pharmacokinetic result shown in the table above after day 10 of

administration.

[0189] In some embodiments, the ti»2 in a human subject after administration of a disclosed

unit dosage form is from about 3 to about 8 hours.

[0190] In some embodiments, the t12 in a human subject after administration of a disclosed

unit dosage form is from about 3.5 to about 7.5 hours.

[0191] In some embodiments, the ti» in a human subject after administration of a disclosed
unit dosage form is about 3.5, about 4.8, about 6.0, about 6.4, about 6.15, about 6.8, about 7.3,

or about 7.7 hours.

[0192] In some embodiments, a disclosed unit dosage form comprising compound I-1, or a

pharmaceutically acceptable salt thereof, provides an oral bioavailability of at least 70%.

[0193] In some embodiments, a disclosed unit dosage form comprising compound I-1, or a

pharmaceutically acceptable salt thereof, provides an oral bioavailability of at least 75%.
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[0194] In some embodiments, a disclosed unit dosage form comprising compound I-1, or a

pharmaceutically acceptable salt thereof, provides an oral bioavailability of at least 80%.

[0195] In some embodiments, a disclosed unit dosage form comprising compound I-1, or a
pharmaceutically acceptable salt thereof, provides an oral bioavailability of at least 80%, 85%,

90%, or 95%.

[0196] In some embodiments, the present disclosure provides a pharmaceutical formulation
comprising a compound described herein, or a pharmaceutically acceptable salt thereof, for use
in a disclosed method of treatment of a disease, disorder, or condition. As used herein, the
terms “treatment,” “treat,” and “treating” refer to reversing, alleviating, delaying the onset of,
or inhibiting the progress of a disease, disorder, or condition; or one or more symptoms thereof,
as described herein. In some embodiments, treatment is administered after one or more
symptoms have developed. In other embodiments, treatment is administered in the absence of
symptoms. For example, treatment is administered to a susceptible individual prior to the onset
of symptoms (e.g., in light of a history of symptoms and/or in light of genetic or other
susceptibility factors). In some cases, treatment is continued after symptoms have resolved,

for example to prevent, delay or lessen the severity of their recurrence.

[0197] In another aspect, the present invention provides a method for reducing levels of one
or more toxic aldehydes in a subject, comprising administering to a subject in need thereof a

pharmaceutical composition, as described herein.

[0198] In another aspect, the present invention provides a method for reducing levels of one
or more toxic aldehydes in a biological sample, comprising contacting the biological sample
with a pharmaceutical composition, as described herein. In some embodiments, the method is

carried out in vitro.

[0199] In another aspect, the present invention provides a method for treating a disease,
disorder, or condition, comprising administering to a subject in need thereof a pharmaceutical

composition, as described herein.
[0200] In some embodiments, the disease, disorder, or condition is a viral infection.

[0201] Insome embodiments, the viral infection is caused by a coronavirus, hepatitis A virus,
hepatitis B virus, dengue virus, yellow fever virus, Zika virus, influenza virus, respiratory
syncytial virus (RSV), norovirus, herpesvirus, human immunodeficiency virus (HIV), Ebola
virus, human T-lymphotropic virus (HTLV)-1 and -2, Epstein-Barr virus, Lassa virus, or

Crimean-Congo hemorrhagic fever virus.
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[0202] In some embodiments, the viral infection is caused by a coronavirus. In some
embodiments, the coronavirus is an alpha, beta, gamma, or delta coronavirus. In some
embodiments, the coronavirus is one associated with severe respiratory symptoms such as

SARS.

[0203] In some embodiments, the viral infection is caused by a coronavirus, wherein the
coronavirus is 229E (alpha coronavirus), NL63 (alpha coronavirus), OC43 (beta coronavirus),
HKU1 (beta coronavirus), MERS-CoV (the beta coronavirus that causes Middle East
Respiratory Syndrome, or MERS), SARS-CoV (the beta coronavirus that causes severe acute
respiratory syndrome, or SARS), or SARS-CoV-2 (coronavirus disease 2019, or COVID-19).

[0204] In some embodiments, the viral infection is caused by SARS-CoV-2,
[0205] In some embodiments, the viral infection is caused by an influenza virus.

[0206] In some embodiments, the viral infection is caused by an influenza virus, wherein the
viral infection is selected from influenza type A and influenza type B. In some embodiments,

the influenza virus is B/Yamagata or B/Victoria.

[0207] In some embodiments, the viral infection is caused by an influenza virus selected

from H5N1, HIN1 and H3N2.
[0208] In some embodiments, the viral infection is caused by a Zika virus.

[0209] In some embodiments, a second therapeutic agent is administered to the patient,
wherein the second therapeutic agent is selected from an antiviral agent, an antibiotic, and an

NSAID.

[0210] In some embodiments, the second therapeutic agent is an antiviral agent, wherein the

antiviral agent is appropriate for treating the viral infection.

[0211] In some embodiments, the second therapeutic agent is selected from chloroquine,
remdesivir, hydroxychloroquine, interferon, ribavirin, umifenovir, teicoplanin, lopinavir,

ritonavir, nitazoxanide, camostat, favipiravir, tocilizumab, and a passive antibody therapy.

[0212] In some embodiments, the present invention provides a method of treating,
preventing, and/or reducing risk of a skin disease, disorder, or condition selected from atopic
dermatitis, atopic eczema, and psoriasis, or an ocular disease, disorder, or condition selected
from diabetic macular edema and Stargardt’s disease, comprising administering to a patient in
need thereof a disclosed pharmaceutical composition comprising a disclosed quinoline
compound.,
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[0213] In some embodiments, the present disclosure provides use of the pharmaceutical
composition described herein in the manufacture of a medicament for the treatment,
prevention, and/or reduction of a risk of a skin disease, disorder or condition selected from
atopic dermatitis, atopic eczema, and psoriasis, or an ocular disease, disorder or condition

selected from diabetic macular edema and Stargardt’s disease.

[0214] In some embodiments, a method of the disclosure is directed to treatment of atopic
dermatitis. In some embodiments, a method of treating or reducing the risk of atopic dermatitis
comprises administering to a patient in need thereof an effective amount of a compound
disclosed herein. Generally, atopic dermatitis is characterized as an inflammatory condition of
the skin presenting erythema, pruritus, scaling, lichenification, and papulovesicles. The
pathogenesis of atopic dermatitis is multifactorial and involves a complex immunologic
cascade, including disruption of the epidermal barrier, IgE dysregulation, defects in the

cutaneous cell-mediated immune response, and genetic factors.

[0215] In some embodiments, the patient treated has a history of atopy (atopic disease).

Generally, atopy refers to personal or family history of atopic eczema, asthma, and allergies.

[0216] In some embodiments, the atopic dermatitis treated is relapsing atopic dermatitis.
Relapsing atopic dermatitis is a flare, exacerbation, or recurrence of atopic dermatitis following

a remission of the disease, disorder or condition.

[0217] In some embodiments, the patient treated is identified as having a loss of function of
profilaggrin (FLG) mutation. The inactive precursor profilaggrin protein is a large, complex,
highly phosphorylated polypeptide that is the main constituent of the keratohyalin F granules
that are visible in the granular cell layer of the epidermis. Various mutations in the FLG gene
have been identified in individuals of atopic dermatitis and is a risk factor for atopic dermatitis

(see, e.g., O’Regan et al., J Allergy Clinical Immunol., 2009; 124(3) Supplement 2:R2-R6).

[0218] In some embodiments, the patient has a loss of function of profilaggrin (FLG)

mutation resulting in reduction of FLG protein expression.

[0219] In some embodiments, the atopic dermatitis treated is mild to moderate atopic

dermatitis.

[0220] In some embodiments, the atopic dermatitis treated is moderate to severe atopic

dermatitis.
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[0221] In some embodiments, the atopic dermatitis treated is in the acute phase. In some

embodiments, acute atopic dermatitis presents with a vesicular, weeping, crusting eruption.

[0222] In some embodiments, the atopic dermatitis treated is in the subacute phase. In some
embodiments, subacute atopic dermatitis presents with dry, scaly, erythematous papules and

plaques.

[0223] In some emobdiments, the atopic dermatitis treated is in the chronic phase. In some

embodiments, chronic atopic dermatitis demonstrates lichenification from repeated scratching.

[0224] Insome embodiments, a method of the disclosure is directed to treatment of psoriasis.
In some embodiments, a method of treating or reducing the risk of psoriasis comprises
administering to a patient in need thereof an effective amount of a compound disclosed herein.
Generally, psoriasis is a chronic, immune mediated disease characterized by raised, red, scaly
patches on the skin. These conditions arise in part from acceleration of the growth cycle of

skin cells.

[0225] In some embodiments, the psoriasis treated is plaque psoriasis. Plaque psoriasis
usually presents as raised, inflamed, red lesions, covered by silvery, white scales, most often

on the elbows, knees, scalp, and lower back.

[0226] In some embodiments, the psoriasis treated is guttate psoriasis. Guttate psoriasis
often starts in childhood or young adulthood. It presents as small, red, individual spots on the

skin, where the spots are not usually as thick or as crusty as the lesions in plaque psoriasis.

[0227] In some embodiments, the psoriasis treated is inverse psoriasis. Inverse psoriasis
presents as red lesions, usually without the scales that occur in plaque psoriasis. The lesions

can be smooth and shiny, and can occur in the armpits, groin, breast, and in skin folds.

[0228] In some embodiments, the psoriasis treated is pustular psoriasis. Pustular psoriasis
presents as white pustules, or blisters of noninfectious pus, with red skin surrounds. It can

affect certain areas of the body, such as the hands and feet, or most of the body.

[0229] In some embodiments, the psoriasis treated is erythrodermic psoriasis. Erythrodermic
psoriasis is inflammatory and presents as exfoliation, or peeling of the skin with severe itching

and pain. Edema may also be present.

[0230] In some embodiments, the psoriasis treated is mild psoriasis. Mild forms affect about

10% or less of total skin surface.
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[0231] Insome embodiments, the psoriasis treated is moderate to severe psoriasis. Moderate
to severe forms affect >10% or more of total skin surface, and may require oral or systemic

administration of therapeutic agents.
[0232] In some embodiments, the psoriasis treated is early onset psoriasis (type I psoriasis).
[0233] In some embodiments, the psoriasis treated is late onset psoriasis (type Il psoriasis).

[0234] In some embodiments, a method of the disclosure is directed to treatment of diabetic
macular edema (DME). In some embodiments, a method of treating or reducing the risk of
diabetic macular edema (DME) comprises administering to a patient in need thereof an
effective amount of a compound disclosed herein. Generally, DME is complication of diabetes
and sometimes referred to a diabetic retinopathy. Damage to the small blood vessels of the
retina arising from diabetes can result in leakage of fluid into the retina, which can lead to

swelling of the surrounding tissue, including the macula, thereby leading to loss of vision.
[0235] In some embodiments, the patient treated is diagnosed with type 1 diabetes.
[0236] In some embodiments, the patient treated is diagnosed with type 2 diabetes.

[0237] In some embodiments, the DME treated is clinically significant macular edema
(CSME). Clinically, CSME is defined as DME meeting at least one of the criteria presented
as follows: (a) thickening of the retina at or within 500 um of the center of the macula; (b) hard
exudates at or within 500 pm of the center of the macula, if associated with thickening of
adjacent retina (not counting residual hard exudates remaining after disappearance of retinal
thickening); and (c) any zone(s) of retinal thickening 1 disc area or larger, any part of which is

within 1 disc diameter of the center of the macula.

[0238] In some embodiments, the DME treated is center-involved DME. In center-involved
DME, the central macula is generally the thickest portion of the retina and is an inversion of

the normal morphology.

[0239] In some embodiments, the DME treated is non-center-involved DME. Non-central

DME lack involvement of the center of the macula.

[0240] In some embodiments, the DME treated is focal DME. Focal edema often occurs
associated with a cluster of microaneurysms, sometimes surrounded by an incomplete ring of
hard exudates. It may be associated with less macular thickening, better visual acuity, and less

severe retinopathy severity.
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[0241] Insome embodiments, the DME treated is diffuse type DME. Diffuse macular edema
occurs from dilated retinal capillaries in the retina and involve a larger area of retinal

thickening,.

[0242] In some embodiments, the DME treated is accompanied by retinal detachment or

severe non-clearing vitreous hemorrhage.

[0243] In some embodiments, the patient treated has undergone focal laser photocoagulation

therapy.

[0244] In some embodiments, the patient treated has undergone grid laser photocoagulation

therapy.

[0245] In some embodiments, a method of the disclosure is directed to treatment of
Stargardt’s disease. In some embodiments, a method of treating or reducing the risk of
Stargardt’s disease comprises administering to a patient in need thereof an effective amount of
a compound disclosed herein. Generally, Stargardt’s disease is inherited form of macular
dystrophy characterized by bilateral vision loss, including dyschromatopsia and central
scotomata, with characteristic macular atrophy and yellow-white flecks at the level of the
retinal pigment epithelium (RPE) at the posterior pole. Stargardt’s disease may also be referred
to as Stargardt macular dystrophy, juvenile macular degeneration, or fundus flavimaculatus.
Onset of Stargardt’s disease occurs most commonly in childhood, with the next peak being
carly adulthood, and least frequently in later adulthood. Better prognosis is generally

associated with a later onset.

[0246] In some embodiments, the Stargardt’s disease treated is childhood-onset Stargardt’s

disease.

[0247] In some embodiments, the Stargardt’s disease treated is adult-onset or late onset

Stargardt’s disease.

[0248] In some embodiments, the severity of Stargardt’s disease can be classified based on
electrophysiological assessement (see, e.g., Tanna et al., British Journal of Ophthalmology

2017; 101:25-30).

[0249] In some embodiments, the Stargardt’s disease treated is classified in Group 1.
Stargardt’s disease in Group 1 display a severe pattern electroretinogram (ERG) abnormality

(macular dysfunction) with normal full-field ERGs.
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[0250] In some embodiments, the Stargardt’s disease treated is classified in Group 2.
Stargardt’s disease in Group 2 display the characteristics of Group 1 and have in addition

generalised loss of cone function. Patients in Group 2 have intermediate variable prognosis.

[0251] In some embodiments, the Stargardt’s disease treated is classified in Group 3.
Stargardt’s disease in Group 3 display an additional generalised loss of both cone and rod

function. Patients in Group 3 show the worst prognosis.

[0252] In some embodiments, the patient treated is identified as having a mutation in retina-
specific ATP-binding cassette transporter (ABCA4) gene resulting in reduction or defect in
ABCA4 function. Mutations in ABCA4 are the most common forms of inherited Stargardt’s

disease.

[0253] In some embodiments, the patient treated is identified as having mutation in ABCA4
gene that are associated with childhood-onset Stargardt’s disease. Exemplary mutations
associated with childhood-onset Stargardt’s disease include, among others, 634C>T, 768G>T,
1317G>A, 1531C>T, 1557C>A, 5308T>G, 6088C>T, or 6449G>A.

[0254] In some embodiments, the patient treated is identified as having mutation in ABCA4
gene that are associated with adult-onset or late onset Stargardt’s disease. Exemplary
mutations associated with adult-onset or late onset Stargardt’s disease include, among others,

769-784C>T, 2486C>T, 5603A>T, or 5882G>A.

[0255] As further discussed below, the compound or pharmaceutically acceptable salt thereof
described herein can be administered systemically to treat the indications described herein. In
some embodiments, the compound or pharmaceutically acceptable salt thereof is administered
orally as part of a solid pharmaceutical composition. In some embodiments, the pharmaceutical
composition is a liquid. In some embodiments, the pharmaceutical composition is administered

as a liquid via nasogastric tube.

[0256] In some embodiments, for the ocular indications of diabetic macular edema or
Stargardt’s disease, the compound or pharmaceutically acceptable salt thereof is administered

intravitreally.

[0257] In some embodiments, the compound is I-1 or a pharmaceutically acceptable salt
thereof. In some embodiments, the compound is I-2 or a pharmaceutically acceptable salt

thereof.
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[0258] In some embodiments, the disease, disorder, or condition is acute respiratory distress
syndrome (ARDS). In some embodiments, the ARDS is associated with a viral infection. In

some embodiments, the viral infection is accompanied by viral sepsis.
[0259] In some embodiments, the viral infection is accompanied by viral pneumonia.

[0260] In some embodiments, a method of treating ARDS comprises administering to a
patient with ARDS resulting from or associated with a viral infection an effective amount of

the pharmaceutical composition disclosed herein.

[0261] Insome embodiments, the viral infection is caused by a coronavirus, hepatitis A virus,
hepatitis B virus, dengue virus, yellow fever virus, Zika virus, influenza virus, norovirus,
herpesvirus, respiratory syncytial virus (RSV), human immunodeficiency virus (HIV), Ebola
virus, human T-lymphotropic virus (HTLV)-1 and -2, Epstein-Barr virus, Lassa virus, or

Crimean-Congo hemorrhagic fever virus.

[0262] In some embodiments, the viral infection is caused by a coronavirus. In some
embodiments, the viral infection is caused by a coronavirus selected from 229E, NL63, OC43,

HKU1, MERS-CoV, SARS-CoV, and SARS-CoV-2.

[0263] In some embodiments, the viral infection is caused by a coronavirus. In some
embodiments, the coronavirus is an alpha, beta, gamma, or delta coronavirus. In some
embodiments, the coronavirus is one associated with severe respiratory symptoms such as

SARS.

[0264] In some embodiments, the viral infection is caused by a coronavirus, wherein the
coronavirus is 229E (alpha coronavirus), NL63 (alpha coronavirus), OC43 (beta coronavirus),
HKU1 (beta coronavirus), MERS-CoV (the beta coronavirus that causes Middle East
Respiratory Syndrome, or MERS), SARS-CoV (the beta coronavirus that causes severe acute
respiratory syndrome, or SARS), or SARS-CoV-2 (coronavirus disease 2019, or COVID-19).

[0265] In some embodiments, the viral infection is by a respiratory syncytial virus (RSV),

influenza virus, coronavirus, or herpesvirus.
[0266] In some embodiments, the viral infection is by a coronavirus.

[0267] In some embodiments, the coronavirus is selected from 229E, NL63, OC43, HKU1,
MERS-CoV, SARS-CoV, and SARS-CoV-2.

[0268] In some embodiments, the viral infection is by SARS-CoV-2.
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[0269] In some embodiments, the viral infection is by an influenza virus.

[0270] In some embodiments, the influenza virus is influenza type A or influenza type B.
[0271] In some embodiments, the influenza virus is B/Yamagata or B/Victoria.

[0272] In some embodiments, the influenza virus is H5N1, HIN1 or H3N2.

[0273] In some embodiments, the ARDS is associated with a bacterial infection.

[0274] In some embodiments, the bacterial infection is accompanied by bacterial sepsis.
[0275] Insome embodiments, the bacterial infection is accompanied by bacterial pneumonia.

[0276] In some embodiments, the bacterial infection is by Streptococcus pneumoniae,
Staphylococcus aureus, Legionella pneumophila, Pneumocystis jirovecii, or Haemophilus

influenza.

[0277] In some embodiments, the ARDS is associated with acute injury to the lungs caused

by a chemical toxin or physical trauma.
[0278] In some embodiments, the acute injury to the lungs is by a chemical toxin.

[0279] In some embodiments, the chemical toxin that causes acute lung injury is a choking

agent, vesicant, or nerve agent.

[0280] In some embodiments, the chemical toxin is a choking agent, wherein the choking

agent is chlorine gas, phosgene, carbonyl chloride, hydrogen sulfide, or ammonia.

[0281] In some embodiments, the chemical toxin is a vesicant, wherein the vesicant is sulfur

mustard or nitrogen mustard.

[0282] In some embodiments, the chemical toxin is a nerve agent, wherein the nerve agent

is tabun, sarin, soman, or VX.

[0283] In some embodiments, the ARDS is associated with acute injury to the lungs caused

by a biological toxin.

[0284] In some embodiments, the biological toxin is ricin, botulinum toxin, or staphylococcal

enterotoxin B.
[0285] In some embodiments, the patient is being treated by mechanical ventilation.

[0286] In some embodiments, the disease, disorder, or condition is an inflammatory
condition. In some embodiments, the inflammatory disorder is systemic. In some
embodiments, the inflammatory disorder is localized to a particular tissue or organ. In some
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embodiments, the disease, disorder or condition for treatment with the compounds of the
disclosure is non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH),
inflammatory bowl disease, Crohn’s disease, ulcerative colitis (UC), psoriasis, IBS (irritable
bowel syndrome or spastic colon), including spastic colon, ankylosing spondylitis,
osteoporosis, rheumatoid arthritis (RA), psoriatic arthritis, chronic obstructive pulmonary
disease (COPD), atherosclerosis, pulmonary arterial hypertension, pyridoxine-dependent
epilepsy, atopic dermatitis, atopic eczema, rosacea, multiple sclerosis (MS), systemic lupus
erythematosus (SLE), lupus nephritis, sepsis, eosinophilic esophagitis, chronic kidney disease
(CKD), fibrotic renal disease, chronic eosinophilic pneumonia, extrinsic allergic alveolitis, pre-
eclampsia, endometriosis, polycystic ovary syndrome (PCOS), reduced female fertility,

reduced sperm viability and motility, or cyclophosphamide-induced hemorrhagic cystitis.

[0287] In some embodiments, the disease, disorder, or condition for treatment with the
compounds of the disclosure is lung-based chronic obstructive pulmonary disease (COPD),
interstitial lung disease (ILD), idiopathic pulmonary fibrosis (IPF), cystic fibrosis (CF),
emphysema due to alpha-1 antitrypsin deficiency, or pulmonary arterial hypertension (PAH).

[0288] In some embodiments, the disease, disorder, or condition for treatment with the
compounds of the disclosure is light chain deposition disease, [gA nephropathy, end stage renal
disease, gout, pseudogout, diabetic nephrophathy, diabetic neuropathy, traumatic brain injury,
noise-induced hearing loss, Alzheimer’s Disease, Parkinson’s Disease, Huntington Disease,
amyotrophic lateral sclerosis, primary biliary cirrhosis, primary sclerosing cholangitis, uterine

lelomyoma, sarcoidosis, or chronic kidney disease.

[0289] In some embodiments, the disease, disorder, or condition for treatment with the
compounds of the disclosure is an ocular inflammatory disorder. In some embodiments, the
ocular inflammatory disorder is diabetic macular edema (DME), atopic keratoconjunctivitis
(AKC), vernal keratoconjunctivitis (VKC), age-related macular degeneration (AMD), dry eye
disease (DED), allergic conjunctivitis (AC), dry eye disease with allergic conjunctivitis,
noninfectious anterior uveitis, posterior uveitis, pan-uveitis, post-surgical ocular pain and
inflammation. In some embodiments, the disease, disorder, or condition is one of those

described in WO 2019/075136, which is hereby incorporated by reference.

[0290] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 10 mg to about 10,000 mg per day.
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[0291] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 10 mg to about 7500 mg per day.

[0292] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 50 mg to about 3600 mg per day.

[0293] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 150 mg to about 1200 mg per day.

[0294] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 250 mg to about 2400 mg per day.

[0295] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 600 mg to about 5000 mg per day.

[0296] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 1000 mg to about 7500 mg per day.

[0297] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 400 mg to about 1200 mg per day.

[0298] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 500 mg to about 1000 mg per day.

[0299] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 300 mg to about 1000 mg per day.

[0300] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 400 mg to about 800 mg per day.

[0301] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 500 mg to about 700 mg per day.

[0302] Insome embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 600 mg to about 1200 mg per day.

[0303] Insome embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 250 mg to about 2400 mg per day.

[0304] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 600 mg to about 5000 mg per day.
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[0305] Insome embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 1000 mg to about 7500 mg per day.

[0306] In some embodiments, the compound or pharmaceutically acceptable salt thereof is
administered once, twice, thrice, or four times per day. In some embodiments, the compound

or pharmaceutically acceptable salt thereof is administered twice per day.

[0307] Insome embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 600 mg BID (i.e., twice per day); 1.2 g BID; or about 2.4 g BID.

[0308] In some embodiments, the dose of the compound or pharmaceutically acceptable salt
thereof is about 200 mg BID, 300 mg BID, 400 mg BID, 500 mg BID, 600 mg BID, 700 mg
BID, or about 800 mg BID.

[0309] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 300 mg BID.

[0310] In some embodiments, the dose of the compound or pharmaceutically acceptable salt
thereof is about 10 mg, 25 mg, 50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 175 mg, 200 mg, 250
mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600 mg, 650 mg, 700 mg, 750 mg,
800 mg, 850 mg, 900 mg, 950 mg, 1000 mg, 1100 mg, 1200 mg, 1300 mg, 1400 mg, 1500 mg,
1600 mg, 1700 mg, 1800 mg, 1900 mg, 2000 mg, 2100 mg, 2200 mg, 2300 mg, 2400 mg, 2500
mg, 2600 mg, 2700 mg, 2800 mg, 2900 mg, 3000 mg, 3500 mg, 4000 mg, 5500 mg, 6000 mg,
6500 mg, 7000 mg, 7500 mg, or about 8000 mg per day.

[0311] Insome embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is administered systemically.

[0312] Insome embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is administered orally.

[0313] In some embodiments, the dose of the compound or pharmaceutically acceptable salt
thereof is administered to the patient in a fasted state. In some embodiments, the patient has

consumed no food for at least 2 hours prior to dosing and at least 1 hour after dosing.

[0314] In some embodiments, the compound is I-1 or a pharmaceutically acceptable salt
thereof. In some embodiments, the compound is I-2 or a pharmaceutically acceptable salt

thereof.

[0315] Insome embodiments, the compound reduces systemic inflammation in the patient.
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[0316] In some embodiments, the compound reduces plasma levels of a biomarker selected
from IL-1, IL-6, IL-10, and tumor necrosis factor alpha. In some embodiments, the compound
reduces plasma levels of a biomarker selected from a RASP. In some embodiments, the RASP

is malondialdehyde (MDA) and/or 4-hydroxynonenal (4-HNE).

[0317] In some embodiments, the method further comprises a reduction in the level of a
reactive aldehyde species (RASP) in the patient’s blood, such as malondialdehyde (MDA) or
4-hydroxynonenal (HNE).

[0318] In some embodiments, the level of RASP is reduced by at least 30%, at least 40%, or
at least 50%. In some embodiments, the level of RASP is reduced by about 30% to 75%. In
some embodiments, the level of RASP is reduced by about 20% to about 60%, or about 20%
to about 50%, or about 20% to about 30%.

[0319] In some embodiments, the pharmaceutical composition is a liquid. In some

embodiments, the pharmaceutical composition is administered as a liquid via nasogastric tube.

[0320] In some embodiments, the method further comprises administering to the patient an

effective amount of a second therapeutic agent suitable for treating ARDS.

[0321] In some embodiments, the second therapeutic agent is an anti-inflammatory agent

selected from a steroid, anti-GM-CSF antibody, and a lung surfactant.

[0322] Chronic cough, pneumonia, and pulmonary sepsis are clinically distinct respiratory
diseases, disorders, or conditions. Chronic cough is generally defined as cough lasting longer
than 8 weeks and excluding cough with an underlying fever, such as from a bacterial or viral
infection; chronic obstructive pulmonary disease (COPD) and other non-asthmatic pulmonary
diseases; cancer of the lung or esophagus; pneumonia; interstitial lung disease; and obstructive
sleep apnea. Pneumonia is an infection of the lungs by a pathogen, such as a bacteria, virus,
or fungi. It is distinguished from Acute Respiratory Distress Syndrome, which can be caused
by acute injury to the lung unrelated to infection by a pathogen. Pneumonia is usually
diagnosed by a combination of clinical history, physical examination and/or laboratory tests,
and clinical diagnosis from a chest X-ray (CXR), which can distinguish pneumonia from other
respiratory tract infections. Pulmonary sepsis also affects the lungs but can arise from sepsis
due to the sensitivity of the lungs and because sepsis can develop from infection of the lungs

by a pathogen.

[0323] Alcohol induced hepatitis, minimal change disease, and focal segmental

glomerulosclerosis affect the liver or kidneys rather than the lungs. Alcohol induced hepatitis
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is attributed to chronic abuse of alcohol, and is characterized by injury to the liver. Defining
characteristics include hyperbilirubinemia and levels of liver function markers aspartate
aminotransferase (AST) and alanine aminotransferase (ALT). Minimal change disease and
focal segmental glomerulosclerosis are diseases, disorders, or conditions affecting the kidney.
Both minimal change disease and focal segmental glomerulosclerosis are within the broader
disorder of nephrotic syndrome, and are characterized by proteinuria. Minimal change disease
can progress into focal segmental glomerulosclerosis, where the latter involve injury and

scarring to the kidney in a focal, segmental pattern.

[0324] Insome embodiments, the pharmaceutical compositions described herein are used for
the treatment, prevention, and/or reduction of a risk of respiratory disease, disorder, or
condition selected from chronic cough, atopic asthma, allergic rhinitis, sinusitis, hay fever,
pneumonia, and pulmonary sepsis, or an organ disease, disorder, or condition selected from

alcohol induced hepatitis, minimal change disease, and focal segmental glomerulosclerosis.

[0325] As noted above, in one aspect the present disclosure provides a method of treating,
preventing, and/or reducing of a risk of respiratory disease, disorder, or condition selected from
chronic cough, atopic asthma, allergic rhinitis, sinusitis, hay fever, pneumonia, and pulmonary
sepsis, or an organ disease, disorder, or condition selected from alcohol induced hepatitis,
minimal change disease, and focal segmental glomerulosclerosis, the method comprising

administering an effective amount of a pharmaceutical composition described herein.

[0326] In some embodiments, the present disclosure provides use of the pharmaceutical
composition described herein in the manufacture of a medicament for the treatment,
prevention, and/or reduction of a risk of respiratory disease, disorder, or condition selected
from chronic cough, atopic asthma, allergic rhinitis, sinusitis, hay fever, pneumonia, and
pulmonary sepsis, or an organ disease, disorder, or condition selected from alcohol induced

hepatitis, minimal change disease, and focal segmental glomerulosclerosis.

[0327] In some embodiments, the compound for use in treating, preventing, and/or reducing
risk of a respiratory disease, disorder, or condition selected from chronic cough, atopic asthma,
allergic rhinitis, sinusitis, hay fever, pneumonia, and pulmonary sepsis, or an organ disease,
disorder, or condition selected from alcohol induced hepatitis, minimal change disease, and
focal segmental glomerulosclerosis, is compound I-1, or a pharmaceutically acceptable salt

thereof.
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[0328] In some embodiments, a method of the disclosure is directed to treatment of chronic
cough. In some embodiments, a method of treating or reducing the risk of chronic cough
comprises administering to a patient in need thereof an effective amount of a pharmaceutical
composition disclosed herein. Generally, chronic cough is characterized as cough lasting
greater than 8 weeks duration (see, e.g., [rwin et al., Chest, 2018; 153(1):196-209; Morice,
A.H., European Respiratory J., 2004; 24:481-492). Chronic cough can be triggered by and/or
arise from different underlying causes, such as asthma, gastroesophageal reflux disease
(GERD), non-asthmatic eosinophilic bronchitis (NAEB), and upper airway cough syndrome,
otherwise known as postnasal drip syndrome. A differential diagnosis of chronic cough
excludes cough accompanied by fever, such as from a bacterial or viral infection; chronic
obstructive pulmonary disease (COPD) and other non-asthmatic pulmonary diseases; cancer of
the lung or esophagus; pneumonia; interstitial lung disease; and obstructive sleep apnea (see,

e.g., Perotin et al., Ther Clin Risk Manag, 2018: 14:1041-1051).

[0329] In some embodiments, the chronic cough for treatment is associated with upper

airway cough syndrome.

[0330] In some embodiments, the chronic cough for treatment is associated with

gastroesophageal reflux disease or laryngopharyngeal reflux disease.
[0331] In some embodiments, the chronic cough for treatment is associated with asthma.

[0332] In some embodiments, the chronic cough for treatment is associated with non-

asthmatic eosinophilic bronchitis.

[0333] In some embodiments, the patient treated has a history of one or more of the
following: treatment with angiotensin-converting enzyme (ACE) inhibitor, smoking, asthma,

exposure to environmental respiratory irritants, and bronchitis.

[0334] In some embodiments, a method of the disclosure is directed to treatment of
pneumonia. In some embodiments, the pneumonia is not associated or concurrent with acute

respiratory distress syndrome (ARDS).

[0335] Insome embodiments, the patient treated has pneumonia, wherein the pneumonia has
a differential diagnosis from eosinophilic pneumonia (i.e., the pneumonia is not associated with

eosinophilic pneumonia).
[0336] In some embodiments, the pneumonia treated is community-acquired pneumonia.
[0337] In some embodiments, the pneumonia treated is nocosomial pneumonia.,
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[0338] In some embodiments, the pneumonia treated is bacterial pneumonia or viral

pneumonia.

[0339] In some embodiments, the patient treated is diagnosed with a bacterial infection by,
among others, Streptococcus pneumoniae, Haemophilus influenzae, S. aureus, Group A
streptococci, Moraxella catarrhalis, Klebsiella pneumoniae, Pseudomonas aeruginosa,

Legionella spp, Mycoplasma pneumoniae, Chlamydia pneumoniae, or C. psittaci.

[0340] In some embodiments, the patient treated is diagnosed with a viral infection by
influenza virus (e.g., influenza A or influenza B), respiratory syncytial virus (RSV),

parainfluenza, metapneumovirus, coronavirus, rhinovirus, hantavirus, or adenovirus.
[0341] In some embodiments, the pneumonia treated is lobar pneumonia.

[0342] In some embodiments, the pneumonia treated is upper, middle or lower lobe

pneumonia.

[0343] In some embodiments, the pneumonia treated is focal pneumonia, alveolar

pneumonia, or interstitial pneumonia.
[0344] In some embodiments, the pneumonia treated is bronchial pneumonia.

[0345] In some embodiments, the method of the disclosure is directed to treatment of atopic
asthma. In some embodiments, the method of the disclosure is directed to treatment of allergic
rhinitis,

[0346] In some embodiments, a method of the disclosure is directed to treatment or reducing
the risk of sepsis. In some embodiments, a method of the disclosure is directed to treatment of
pulmonary sepsis or sepsis-induced lung injury. In some embodiments, a method of treating
or reducing the risk of pulmonary sepsis or sepsis-induced lung injury comprises administering
to a patient in need thereof an effective amount of a compound disclosed herein, such as
compound I-1 or a pharmaceutically acceptable salt thereof. Generally, pulmonary sepsis or
sepsis induced lung injury is characterized as lung injury arising from sepsis. The lung is the
organ most often affected by sepsis primarily because pneumonia is often the starting point of
the septic process, and disseminated infectious process is associated with a systemic

inflammatory response (SIRS) in which the first organ to be affected is usually the lung.

[0347] In some embodiments, the pulmonary sepsis or sepsis induced lung injury treated is

without (i.e., not associated with) acute respiratory distress syndrome (ARDS).
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[0348] In some embodiments, a method of the disclosure is directed to treatment of alcohol
poisoning. In some embodiments, a method of the disclosure is directed to treatment of
alcohol-induced hepatitis. In some embodiments, a method of treating or reducing the risk of
alcohol-induced hepatitis comprises administering to a patient in need thereof an effective
amount of a compound disclosed herein, such as compound I-1 or a pharmaceutically
acceptable salt thereof. Generally, alcohol-induced hepatitis includes liver injury and
associated inflammatory condition arising from chronic alcohol abuse. A prominent feature or
marker for the disease is hyperbilirubinemia. In some embodiments, alcohol-induced hepatitis
is distinguished from cirrhosis in that the former appears reversible while the latter is a

permanent injury to the liver.

[0349] In some embodiments, the alcohol-induced hepatitis is without cirrhosis (i.e., not

accompanied by cirrhosis).

[0350] In some embodiments, the patient treated for alcohol-induced hepatitis is determined
to have elevated levels of aspartate aminotransferase (AST) and/or alanine aminotransferase

(ALT) as compared to levels in a control group not afflicted with alcohol induced hepatitis.

[0351] In some embodiments, the levels of AST in the control group (i.e., without alcohol
induced hepatitis) is about 8 to 48 IU/L and the levels of ALT in the control group is about 7
to 55 IU/L.

[0352] In some embodiments, the patient treated has an AST:ALT ratio of greater than 2:1.
This ratio is characteristic in patients with alcoholic liver disease. Patients with a history of

alcohol abuse but no significant alcoholic hepatitis or cirrhosis of the liver usually have an

AST/ALT ratio less than 1.0.

[0353] In some embodiments, a method of the disclosure is directed to treatment of minimal
change disease, sometimes referred to as lipoid nephrosis or nil disease. In some embodiments,
a method of treating or reducing the risk of minimal change disease comprises administering
to a patient in need thereof an effective amount of a compound disclosed herein. Generally,
minimal change disease is a kidney disease arising from a histopathologic lesion in the
glomerulus and is characterized by proteinuria leading to edema and intravascular volume

depletion. Minimal change disease is a common form of nephrotic syndrome.

[0354] In some embodiments, the minimal change disease treated is associated with

nephrotic syndrome.
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[0355] In some embodiments, the minimal change disease treated is concurrent with

proteinuria, particularly excessive proteinuria.

[0356] Minimal change disease can also advance to focal segmental glomerulosclerosis.
Accordingly, in some embodiments, a method of the disclosure is directed to treatment of focal
segmental glomerulosclerosis (FGS). In some embodiments, a method of treating or reducing
the risk of FGS comprises administering to a patient in need thereof an effective amount of a
compound disclosed herein. Generally, FGS describes both a common lesion in progressive
kidney disease and excessive proteinuria and podocyte injury. The injury and scarring of the
kidney is characterized by focal involvement in a segmental pattern. FGS is also a common

cause of nephrotic syndrome.
[0357] In some embodiments, the FSGS treated is primary FSGS.
[0358] In some embodiments, the FSGS treated is secondary FSGS.

[0359] In some embodiments, the FSGS treated is familial FSGS. Autosomal dominant
FSGS is associated with mutations in the gene encoding Inverted Formin 2 (INF2), alpha-
actinin-4 gene ACTN4; the gene encoding TRPC6 cation channel protein; and the gene
ARHGAP24 encoding the FilGAP protein (see, e.g., Pollak, M.R., Adv Chronic Kidney Dis.,
2014, 21(5): 422—425). Recessive forms of FSGS are associated with mutations in the gene
NPHS1 encoding nephrin; and the gene PLCE1 encoding phospholipase C epsilon 1 (see, e.g.,
Pollak, supra).

[0360] In some embodiments, the FSGS treated is associated with nephrotic syndrome.

[0361] In some embodiments, the FSGS treated is concurrent with kidney failure and/or

proteinuria, particularly excessive proteinuria.

[0362] In some embodiments, the patient treated for FSGS has a prior history of minimal

change disease.

[0363] In some embodiments, the pharmaceutical composition of the present disclosure
comprising a compound or pharmaceutically acceptable salt thereof described herein is
administered systemically to treat the indications described herein. In some embodiments, the

pharmaceutical composition is administered orally.

[0364] In some embodiments, the pharmaceutical composition is a liquid. In some

embodiments, the pharmaceutical composition is administered as a liquid via nasogastric tube.
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[0365] In some embodiments, the compound is I-1 or a pharmaceutically acceptable salt
thereof. In some embodiments, the compound is I-2 or a pharmaceutically acceptable salt

thereof.
4. Pharmaceutical Compositions, Administration, and Dosages

[0366] The compounds and compositions, according to the methods of the present invention,
are administered using any amount and any route of administration effective for treating or
lessening the severity of a disease described above. The exact amount required will vary from
subject to subject, depending on the species, age, and general condition of the subject, the
severity of the infection, the particular agent, its mode of administration, and the like.
Compounds of the invention are preferably formulated in unit dosage form for ease of
administration and uniformity of dosage. The expression “unit dosage form” as used herein
refers to a physically discrete unit of agent appropriate for the patient to be treated. It will be
understood, however, that the total daily usage of the compounds and compositions of the
present invention will be decided by the attending physician within the scope of sound medical
judgment. The specific effective dose level for any particular patient or organism will depend
upon a variety of factors including the disorder being treated and the severity of the disorder;
the activity of the specific compound employed; the specific composition employed; the age,
body weight, general health, sex and diet of the patient; the time of administration, route of
administration, and rate of excretion of the specific compound employed; the duration of the
treatment; drugs used in combination or coincidental with the specific compound employed,

and like factors well known in the medical arts.

[0367] Pharmaceutically acceptable compositions of this invention can be administered to
humans and other animals orally, rectally, parenterally, intracisternally, intrathecally,
transdermally, transmucosally, opthalmically, via inhalation, intravaginally, intraperitoneally,
topically (as by powders, ointments, or drops), buccally, intranasally, as an oral or nasal spray,
or the like, depending on the severity of the disease being treated. In certain embodiments, the
compounds of the invention are administered orally or parenterally at dosage levels of about
0.01 mg/kg to about 50 mg/kg and for example from about 1 mg/kg to about 25 mg/kg, of

subject body weight per day, one or more times a day, to obtain the desired therapeutic effect.

[0368] A unit dosage form of the invention can be formulated for oral administration.
Pharmaceutical compositions/formulations that are suitable for oral administration can be

provided as discrete dosage forms, such as, but not limited to, tablets, fastmelts, chewable
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tablets, capsules, pills, strips, troches, lozenges, pastilles, cachets, pellets, medicated chewing
gum, bulk powders, effervescent or non-effervescent powders or granules, oral mists, solutions,
emulsions, suspensions, wafers, sprinkles, elixirs, and syrups. In some embodiments, such
dosage forms contain predetermined amounts of active ingredients, and may be prepared by
methods of pharmacy known to those skilled in the art. See generally, Remington’s
Pharmaceutical Sciences, 18" ed., Mack Publishing, Easton Pa. (1990). As used herein, oral

administration also includes buccal, lingual, and sublingual administration.

[0369] In some embodiments, the formulation further comprises one or more

pharmaceutically acceptable excipients or carriers.

[0370] A person of ordinary skill would recognize that pharmaceutical formulation
ingredients may serve multiple purposes within a formulation. Accordingly, a person of
ordinary skill would recognize that certain formulation components may be classified

according to multiple functions (e.g., a component may be both a filler and a binder).

[0371] Insome embodiments, a unit dosage form provided herein are prepared by combining
the active ingredients in an intimate admixture with one or more pharmaceutically acceptable
excipients or carriers, including, but not limited to, binders, fillers, diluents, disintegrants,
wetting agents, lubricants, glidants, coloring agents, dye-migration inhibitors, sweetening
agents, flavoring agents, emulsifying agents, suspending and dispersing agents, preservatives,
solvents, non-aqueous liquids, organic acids, and sources of carbon dioxide, according to
conventional pharmaceutical compounding techniques. Excipients or carriers can take a wide
variety of forms depending on the form of preparation desired for administration. For example,
excipients or carriers suitable for use in oral liquid or aerosol dosage forms include, but are not
limited to, water, glycols, oils, alcohols, flavoring agents, preservatives, and coloring agents.
Examples of excipients or carriers suitable for use in solid oral dosage forms (e.g., powders,
tablets, capsules, and caplets) include, but are not limited to, starches, sugars, micro-crystalline

cellulose, diluents, granulating agents, lubricants, binders, and disintegrating agents.

[0372] In some embodiments, the active ingredient, such as compound I-1 or a
pharmaceutically acceptable salt thereof, is incorporated into the pharmaceutical composition
as spray-dried powder or granules. The use of spray-drying to produce powders from fluid
feed stocks is well known, with applications ranging from powdered milk to bulk chemicals
and pharmaceuticals. See U.S. Pat. No. 4,187,617 and Mujumbar et al., 91 Drying, pages 56-
73 (1991). The use of spray-drying to form solid amorphous dispersions of drugs and
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concentration-enhancing polymers is also known. See commonly owned European Patent
Applications Nos. 0 901 786, 1 027 886, 1 027 887, 1 027 888, and commonly owned PCT
Applications Nos. WO 00/168092 and WO 00/168055, each of which is hereby incorporated
by reference. A typical spray-drying apparatus comprises a drying chamber, atomizing means
for atomizing a solvent-containing liquid feed into the drying chamber, a source of heated
drying gas directed into the drying chamber and dried product collection means for separating
the dried product from the cooled drying gas and vaporized solvent stream following its exit
from the drying chamber. Examples of such apparatus include Niro Models PSD-1, PSD-2 and
PSD-4 (Niro A/S, Soeborg, Denmark).

[0373] The spray-dried powder or granules generally include the active compound in
combination with a polymer such as a concentration-enhancing polymer. One class of
polymers suitable for use with the present invention comprises non-ionizable (neutral) non-
cellulosic polymers. Exemplary polymers include: vinyl polymers and copolymers having at
least one substituent selected from the group consisting of hydroxyl, alkylacyloxy, and
cyclicamido; polyvinyl alcohols that have at least a portion of their repeat units in the
unhydrolyzed (vinyl acetate) form; polyvinyl alcohol polyvinyl acetate copolymers; polyvinyl
pyrrolidone; and polyethylene polyvinyl alcohol copolymers; and polyoxyethylene-
polyoxypropylene copolymers.

[0374] Exemplary neutral non-cellulosic polymers are comprised of vinyl copolymers of at
least one hydrophilic, hydroxyl-containing repeat unit and at least one hydrophobic, alkyl- or
aryl-containing repeat unit. Such neutral vinyl copolymers are termed “amphiphilic hydroxyl-
functional vinyl copolymers.” Amphiphilic hydroxyl-functional vinyl copolymers are believed
to provide high concentration enhancements due to the amphiphilicity of these copolymers
which provide both sufficient hydrophobic groups to interact with the hydrophobic, low-
solubility drugs and also sufficient hydrophilic groups to have sufficient aqueous solubility for
good dissolution. The copolymeric structure of the amphiphilic hydroxyl-functional vinyl
copolymers also allows their hydrophilicity and hydrophobicity to be adjusted to maximize

performance with a specific low-solubility drug.

[0375] Another class of polymers suitable for use with the present invention comprises
ionizable non-cellulosic polymers. Exemplary polymers include: carboxylic acid-
functionalized vinyl polymers, such as the carboxylic acid functionalized polymethacrylates
and carboxylic acid functionalized polyacrylates such as the EUDRAGIT™ series
manufactured by Rohm Tech Inc., of Malden, Mass.; amine-functionalized polyacrylates and
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polymethacrylates; proteins such as gelatin and albumin; and carboxylic acid functionalized

starches such as starch glycolate.

[0376] Non-cellulosic polymers that are amphiphilic are copolymers of a relatively
hydrophilic and a relatively hydrophobic monomer. Examples include acrylate and
methacrylate copolymers. Exemplary commercial grades of such copolymers include the

EUDRAGIT™ series, which are copolymers of methacrylates and acrylates.

[0377] An additional class of polymers comprises ionizable and neutral (or non-ionizable)
cellulosic polymers with at least one ester- and/or ether-linked substituent in which the polymer
has a degree of substitution of at least 0.05 for each substituent. It should be noted that in the
polymer nomenclature used herein, ether-linked substituents are recited prior to “cellulose” as
the moiety attached to the ether group; for example, “ethylbenzoic acid cellulose” has
ethoxybenzoic acid substituents. Analogously, ester-linked substituents are recited after
“cellulose” as the carboxylate; for example, “cellulose phthalate” has one carboxylic acid of

each phthalate moiety ester-linked to the polymer and the other carboxylic acid unreacted.

[0378] It should also be noted that a polymer name such as “cellulose acetate phthalate”
(CAP) refers to any of the family of cellulosic polymers that have acetate and phthalate groups
attached via ester linkages to a significant fraction of the cellulosic polymer’s hydroxyl groups.
Generally, the degree of substitution of each substituent group can range from 0.05 to 2.9 as
long as the other criteria of the polymer are met. “Degree of substitution” refers to the average
number of the three hydroxyls per saccharide repeat unit on the cellulose chain that have been
substituted. For example, if all of the hydroxyls on the cellulose chain have been phthalate-
substituted, the phthalate degree of substitution is 3. Also included within each polymer family
type are cellulosic polymers that have additional substituents added in relatively small amounts

that do not substantially alter the performance of the polymer.

[0379] Amphiphilic cellulosics comprise polymers in which the parent cellulosic polymer
has been substituted at any or all of the 3 hydroxyl groups present on each saccharide repeat
unit with at least one relatively hydrophobic substituent. Hydrophobic substituents may be
essentially any substituent that, if substituted to a high enough level or degree of substitution,
can render the cellulosic polymer essentially aqueous-insoluble. Examples of hydrophobic
substituent include ether-linked alkyl groups such as methyl, ethyl, propyl, butyl, etc.; or ester-
linked alkyl groups such as acetate, propionate, butyrate, etc.; and ether- and/or ester-linked

aryl groups such as phenyl, benzoate, or phenylate. Hydrophilic regions of the polymer can be
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cither those portions that are relatively unsubstituted, since the unsubstituted hydroxyls are
themselves relatively hydrophilic, or those regions that are substituted with hydrophilic
substituents. Hydrophilic substituents include ether- or ester-linked nonionizable groups such
as the hydroxy alkyl substituents hydroxyethyl, hydroxypropyl, and the alkyl ether groups such
as ecthoxyethoxy or methoxyethoxy. Particularly preferred hydrophilic substituents are those
that are ether- or ester-linked ionizable groups such as carboxylic acids, thiocarboxylic acids,

substituted phenoxy groups, amines, phosphates or sulfonates.

[0380] One class of cellulosic polymers comprises neutral polymers, meaning that the
polymers are substantially non-ionizable in aqueous solution. Such polymers contain non-
ionizable substituents, which may be either ether-linked or ester-linked. Exemplary ether-
linked non-ionizable substituents include: alkyl groups, such as methyl, ethyl, propyl, butyl,
etc.; hydroxy alkyl groups such as hydroxymethyl, hydroxyethyl, hydroxypropyl, etc.; and aryl
groups such as phenyl. Exemplary ester-linked non-ionizable substituents include: alkyl
groups, such as acetate, propionate, butyrate, etc.; and aryl groups such as phenylate. However,
when aryl groups are included, the polymer may need to include a sufficient amount of a
hydrophilic substituent so that the polymer has at least some water solubility at any

physiologically relevant pH of from 1 to 8.

[0381] Exemplary nonionizable cellulosic polymers that may be used as the polymer include:
hydroxypropyl methyl cellulose acetate, hydroxypropyl methyl cellulose, hydroxypropyl
cellulose, methyl cellulose, hydroxyethyl methyl cellulose, hydroxyethyl cellulose acetate, and
hydroxyethyl ethyl cellulose.

[0382] An exemplary class of neutral cellulosic polymers are those that are amphiphilic.
Exemplary polymers include hydroxypropyl methyl cellulose and hydroxypropyl cellulose
acetate, where cellulosic repeat units that have relatively high numbers of methyl or acetate
substituents relative to the unsubstituted hydroxyl or hydroxypropyl substituents constitute

hydrophobic regions relative to other repeat units on the polymer.

[0383] A particular class of cellulosic polymers comprises polymers that are at least partially
ionizable at physiologically relevant pH and include at least one ionizable substituent, which
may be either ether-linked or ester-linked. Exemplary ether-linked ionizable substituents
include: carboxylic acids, such as acetic acid, propionic acid, benzoic acid, salicylic acid,
alkoxybenzoic acids such as ethoxybenzoic acid or propoxybenzoic acid, the various isomers

of alkoxyphthalic acid such as ethoxyphthalic acid and ethoxyisophthalic acid, the various

65



WO 2021/231792 PCT/US2021/032335

isomers of alkoxynicotinic acid such as ethoxynicotinic acid, and the various isomers of
picolinic acid such as ethoxypicolinic acid, etc.; thiocarboxylic acids, such as thioacetic acid;
substituted phenoxy groups, such as hydroxyphenoxy, etc.; amines, such as aminoethoxy,
diethylaminoethoxy, trimethylaminoethoxy, etc.; phosphates, such as phosphate ethoxy; and
sulfonates, such as sulphonate ethoxy. Exemplary ester-linked ionizable substituents include:
carboxylic acids, such as succinate, citrate, phthalate, terephthalate, isophthalate, trimellitate,
and the various isomers of pyridinedicarboxylic acid, etc.; thiocarboxylic acids, such as
thiosuccinate; substituted phenoxy groups, such as amino salicylic acid; amines, such as natural
or synthetic amino acids, such as alanine or phenylalanine; phosphates, such as acetyl
phosphate; and sulfonates, such as acetyl sulfonate. For aromatic-substituted polymers to also
have the requisite aqueous solubility, it is also desirable that sufficient hydrophilic groups such
as hydroxypropyl or carboxylic acid functional groups be attached to the polymer to render the
polymer aqueous soluble at least at pH values where any ionizable groups are ionized. In some
cases, the aromatic substituent may itself be ionizable, such as phthalate or trimellitate

substituents.

[0384] Exemplary cellulosic polymers that are at least partially-ionized at physiologically
relevant pHs include: hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl methyl
cellulose succinate, hydroxypropyl cellulose acetate succinate, hydroxyethyl methyl cellulose
succinate, hydroxyethyl cellulose acetate succinate, hydroxypropyl methyl cellulose phthalate,
hydroxyethyl methyl cellulose acetate succinate, hydroxyethyl methyl cellulose acetate
phthalate, carboxyethyl cellulose, carboxymethyl cellulose, carboxymethyl ethyl cellulose,
ethyl carboxymethyl cellulose, cellulose acetate phthalate, methyl cellulose acetate phthalate,
ethyl cellulose acetate phthalate, hydroxypropyl cellulose acetate phthalate, hydroxypropyl
methyl cellulose acetate phthalate, hydroxypropyl cellulose acetate phthalate succinate,
hydroxypropyl methyl cellulose acetate succinate phthalate, hydroxypropyl methyl cellulose
succinate phthalate, cellulose propionate phthalate, hydroxypropyl cellulose butyrate phthalate,
cellulose acetate trimellitate, methyl cellulose acetate trimellitate, ethyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate trimellitate, hydroxypropyl methyl cellulose
acetate trimellitate, hydroxypropyl cellulose acetate trimellitate succinate, cellulose propionate
trimellitate, cellulose butyrate trimellitate, cellulose acetate terephthalate, cellulose acetate
isophthalate, cellulose acetate pyridinedicarboxylate, salicylic acid cellulose acetate,

hydroxypropyl salicylic acid cellulose acetate, ethylbenzoic acid cellulose acetate,
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hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl phthalic acid cellulose acetate, ethyl

nicotinic acid cellulose acetate, and ethyl picolinic acid cellulose acetate.

[0385] Exemplary cellulosic polymers that meet the definition of amphiphilic, having
hydrophilic and hydrophobic regions include polymers such as cellulose acetate phthalate and
cellulose acetate trimellitate where the cellulosic repeat units that have one or more acetate
substituents are hydrophobic relative to those that have no acetate substituents or have one or

more ionized phthalate or trimellitate substituents.

[0386] A further subset of cellulosic ionizable polymers are those that possess both a
carboxylic acid functional aromatic substituent and an alkylate substituent and thus are
amphiphilic. Exemplary polymers include cellulose acetate phthalate, methyl cellulose acetate
phthalate, ethyl cellulose acetate phthalate, hydroxypropyl cellulose acetate phthalate,
hydroxylpropyl methyl cellulose phthalate, hydroxypropyl methyl cellulose acetate phthalate,
hydroxypropyl cellulose acetate phthalate succinate, cellulose propionate phthalate,
hydroxypropy! cellulose butyrate phthalate, cellulose acetate trimellitate, methyl cellulose
acetate trimellitate, ethyl cellulose acetate trimellitate, hydroxypropyl cellulose acetate
trimellitate, hydroxypropyl methyl cellulose acetate trimellitate, hydroxypropyl cellulose
acetate trimellitate succinate, cellulose propionate trimellitate, cellulose butyrate trimellitate,
cellulose acetate terephthalate, cellulose acetate isophthalate, cellulose acetate
pyridinedicarboxylate, salicylic acid cellulose acetate, hydroxypropyl salicylic acid cellulose
acetate, ethylbenzoic acid cellulose acetate, hydroxypropyl ethylbenzoic acid cellulose acetate,
ethyl phthalic acid cellulose acetate, ethyl nicotinic acid cellulose acetate, and ethyl picolinic

acid cellulose acetate.

[0387] Another subset of cellulosic ionizable polymers are those that possess a non-aromatic
carboxylate substituent. Exemplary polymers include hydroxypropyl methyl cellulose acetate
succinate, hydroxypropyl methyl cellulose succinate, hydroxypropyl cellulose acetate
succinate, hydroxyethyl methyl cellulose acetate succinate, hydroxyethyl methyl cellulose
succinate, hydroxyethyl cellulose acetate succinate and carboxymethyl ethyl cellulose. Of these
cellulosic polymers that are at least partially ionized at physiologically relevant pHs, the
inventors have found the following to be most preferred: hydroxypropyl methyl cellulose
acetate succinate, hydroxypropyl methyl cellulose phthalate, cellulose acetate phthalate,
cellulose acetate trimellitate and carboxymethyl ethyl cellulose. The most preferred is

hydroxypropyl methyl cellulose acetate succinate (HPMCAS).
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[0388] Another class of polymers consists of neutralized acidic polymers. By “neutralized
acidic polymer” is meant any acidic polymer for which a significant fraction of the “acidic
moieties” or “acidic substituents” have been “neutralized”; that is, exist in their deprotonated
form. By “neutralized acidic cellulosic polymers” is meant any cellulosic “acidic polymer” in
which a significant fraction of the “acidic moieties” or “acidic substituents” have been
“neutralized.” By “acidic polymer” is meant any polymer that possesses a significant number
of acidic moieties. In general, a significant number of acidic moieties would be greater than or
equal to about 0.1 milliequivalents of acidic moieties per gram of polymer. “Acidic moieties”
include any functional groups that are sufficiently acidic that, in contact with or dissolved in
water, can at least partially donate a hydrogen cation to water and thus increase the hydrogen-
ion concentration. This definition includes any functional group or “substituent,” as it is termed
when the functional group is covalently attached to a polymer that has a pK. of less than about
10. Exemplary classes of functional groups that are included in the above description include
carboxylic acids, thiocarboxylic acids, phosphates, phenolic groups, and sulfonates. Such
functional groups may make up the primary structure of the polymer such as for polyacrylic
acid, but more generally are covalently attached to the backbone of the parent polymer and thus

are termed “substituents.”

[0389] The amount of concentration-enhancing polymer relative to the amount of drug
present in the spray-dried dispersions depends on the drug and concentration-enhancing
polymer and may vary widely from a drug-to-polymer weight ratio of 0.01 to 5. However, in
most cases, except when the drug dose is quite low, e.g., 25 mg or less, it is preferred that the
drug-to-polymer ratio is greater than 0.05 and less than 2.5 and often the enhancement in drug
concentration or relative bioavailability is observed at drug-to-polymer ratios of 1 or less or for
some drugs even 0.2 or less. In cases where the drug dose is about 25 mg or less, the drug-to-
polymer weight ratio may be significantly less than 0.05. In general, regardless of the dose,
enhancements in drug concentration or relative bioavailability increase with decreasing drug-
to-polymer weight ratio. However, due to the practical limits of keeping the total mass of a
tablet, capsule or suspension low, it is often desirable to use a relatively high drug-to-polymer
ratio as long as satisfactory results are obtained. The maximum drug:polymer ratio that yields
satisfactory results varies from drug to drug and is best determined in the in vitro and/or in vivo

dissolution tests described below.

[0390] A spray-dried solid as described herein can be a solid dispersion that contains a

compound described herein and a pharmaceutically acceptable polymer. Certain compounds
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described herein generally have low aqueous solubility, and their absorption in vivo is
dissolution-rate limited. A solid dispersion containing a compound can increase the compound
solubility/dissolution, thereby improving the bioavailability of the compound.

[0391] The term “solid dispersion” herein refers to the dispersion of a pharmaceutically
active ingredient, e.g., the compound described herein, in an inert polymer matrix at solid state.
A solid dispersion can be prepared by methods well known in the art, e.g., spray-drying or hot-
melt extrusion. The matrix can be either crystalline or amorphous. A solid dispersion contains
a co-precipitate of a pharmaceutically active ingredient and one or more water-soluble
polymers, in which the pharmaceutically active ingredient is dispersed uniformly within a
polymer matrix formed from the polymers. The pharmaceutically active ingredient can be
present in an amorphous state, a crystalline dispersed form, or a combination thereof. It can
also be finely dispersed or dissolved as single molecules in the polymer matrix. The solid
dispersion is typically prepared by a spray-drying method or a hot-melt extrusion method.
[0392] The method for preparing the solid dispersion includes steps of (i) mixing a
compound described herein and a polymer in an organic solvent to provide a feeder solution
and (ii) spray-drying the feeder solution through a nozzle as a fine spray into a chamber where
the solvent is evaporated quickly to generate particles containing the compound and polymer.
Following formation of a solid dispersion, the resulting spray-dried particle can undergo a
secondary drying step to remove residual solvents. The secondary drying step can take place
in a static dryer or an agitated dryer. Gas, humidified gas, vacuum can be applied to the
secondary drying step and such application is useful in more rapidly removing residual solvents
that remain in the spray-dried particle.

[0393] Any organic solvent that can easily dissolve or disperse the compound and the
polymer described above can be used. Examples of the organic solvent include lower carbon-
number alcohols, e.g., methanol, ethanol, propanol, and isopropanol; ketones, e.g., methylethyl
ketone and butanone; and a combination thereof,

[0394] In some embodiments, the pharmaceutically acceptable excipients and carriers are

selected from fillers, binders, diluents, disintegrants, glidants, and lubricants.

[0395] In some embodiments, the present invention provides a capsule or tablet which
comprises a provided pharmaceutical composition in the form of a solid dosage form. In some
embodiments, the present invention provides a capsule. In some embodiments, the present

invention provides a tablet.
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[0396] In certain embodiments, the dosage form is a tablet, wherein the tablet is
manufactured using standard, art-recognized tablet processing procedures and equipment. In
certain embodiments, the method for forming the tablets is direct compression of a powdered,
crystalline and/or granular composition comprising a solid form provided herein, alone or in
combination with one or more excipients or carriers, such as, for example, carriers, additives,
polymers, or the like. In certain embodiments, as an alternative to direct compression, the
tablets may be prepared using wet granulation or dry granulation processes. In certain
embodiments, the tablets are molded rather than compressed, starting with a moist or otherwise

tractable material. In certain embodiments, compression and granulation techniques are used.

[0397] In certain embodiments, the dosage form is a capsule, wherein the capsules may be
manufactured using standard, art-recognized capsule processing procedures and equipments.
In certain embodiments, soft gelatin capsules may be prepared in which the capsules contain a
mixture comprising a solid form provided herein and vegetable oil or non-aqueous, water
miscible materials, such as, for example, polyethylene glycol and the like. In certain
embodiments, hard gelatin capsules may be prepared containing granules of solid forms
provided herein in combination with a solid pulverulent carrier, such as, for example, lactose,
saccharose, sorbitol, mannitol, potato starch, corn starch, amylopectin, cellulose derivatives, or
gelatin. In certain embodiments, a hard gelatin capsule shell may be prepared from a capsule
composition comprising gelatin and a small amount of plasticizer such as glycerol. In certain
embodiments, as an alternative to gelatin, the capsule shell may be made of a carbohydrate
material. In certain embodiments, the capsule composition may additionally include polymers,
colorings, flavorings and opacifiers as required. In certain embodiments, the capsule comprises

HPMC.

[0398] In some embodiments, the pharmaceutical composition comprises one or more fillers.
In certain embodiments, the filler is selected from ammonium aliginate, calcium carbonate,
calcium lactate, calcium phosphate, calcium silicate, calcium sulfate, cellulose acetate,
compressible sugar (e.g., lactose, glucose, and sucrose), corn starch, dextrates, erythritol, ethyl
cellulose, glyceryl palmitostearate, isomalt, kaolin, magnesium carbonate, magnesium oxide,
maltodextrin, medium-chain triglycerides, microcrystalline cellulose, pre-gelatinized starch,
polydextrose, polymethacrylates, silicic acid, simethicone, sodium alginate, sodium chloride,
sorbitol, starch, sugar spheres, sulfobutylether f-cyclodextrin, talc, tragacanth, trehalose, and

xylitol, or a combination thereof.
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[0399] In some embodiments, the filler is selected from talc, calcium carbonate (e.g.,
granules or powder), microcrystalline cellulose, powdered cellulose, dextrates, kaolin,

mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof.

[0400] In some embodiments, the filler is microcrystalline cellulose. In some embodiments,
the filler is lactose. In some embodiments, the filler is starch. In some embodiments, the filler
is a combination of starch and lactose. In some embodiments, the filler is a combination of
lactose and microcrystalline cellulose. In some embodiments, the filler is a combination of two
or three components recited above. In some embodiments, the filler comprises at least

microcrystalline cellulose, lactose, and mannitol.

[0401] In certain embodiments, dosage forms provided herein comprise one or more diluents.
Diluents may be used, e.g., to increase bulk so that a practical size tablet or capsule is ultimately
provided. Suitable diluents include dicalcium phosphate, calcium sulfate, lactose, cellulose,
kaolin, mannitol, sodium chloride, dry starch, microcrystalline cellulose (e.g., AVICEL),
microfine cellulose, pregelitinized starch, calcium carbonate, calcium sulfate, sugar, dextrates,
dextrin, dextrose, dibasic calcium phosphate dihydrate, tribasic calcium phosphate, kaolin,
magnesium carbonate, magnesium oxide, maltodextrin, mannitol, polymethacrylates (e.g.,
EUDRAGIT), potassium chloride, sodium chloride, sorbitol and talc, among others. Diluents
also include, e.g., ammonium alginate, calcium carbonate, calcium phosphate, calcium sulfate,
cellulose acetate, compressible sugar, confectioner’s sugar, dextrates, dextrin, dextrose,
erythritol, ethylcellulose, fructose, fumaric acid, glyceryl palmitostearate, isomalt, kaolin,
lacitol, lactose, mannitol, magnesium carbonate, magnesium oxide, maltodextrin, maltose,
medium-chain triglycerides, microcrystalline cellulose, microcrystalline silicified cellulose,
powered cellulose, polydextrose, polymethylacrylates, simethicone, sodium alginate, sodium
chloride, sorbitol, starch, pregelatinized starch, sucrose, sulfobutylether-p-cyclodextrin, talc,

tragacanth, trehalose, and xylitol.

[0402] In some embodiments, the pharmaceutical composition comprises one or more
binders. Binders may be used, e.g., to impart cohesive qualities to a tablet or a capsule, and
thus ensure that the formulation remains intact after compression. In some embodiments, the
binder is selected from acacia gum, agar, alginic acid, calcium carbonate, calcium lactate,
carbomers (e.g., acrylic acid polymer, carboxy polymethylene, polyacrylic acid, carboxyvinyl
polymer), carboxymethylcellulose sodium, carrageenan, cellulose acetate phthalate, ceratonia,
chitosan, copovidone, corn starch, cottonseed oil, dextrates, dextrin, dextrose, ethylcellulose,
gelatin, glyceryl behenate, guar gum, hydrogenated vegetable oil type [, hydroxyethylcellulose,
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hydroxyethylmethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose,
hypromellose, inulin, lactose, magnesium aluminum silicate, maltodextrin, maltose,
methylcellulose, microcrystalline cellulose, pectin, poloxamer, polycarbohil, polydextrose,
polyethylene oxide, polymetharylates, polyvinylpyrrolidone, pre-gelatinized starch, povidone,
sodium alginate, starch, stearic acid, sucrose, tricaprylin, vitamin E polyethylene glycol

succinate, and zein.

[0403] Suitable binders include, but are not limited to, starch (including potato starch, corn
starch, and pregelatinized starch), gelatin, sugars (including sucrose, glucose, dextrose and
lactose), polyethylene glycol, propylene glycol, waxes, and natural and synthetic gums, e.g.,
acacia sodium alginate, polyvinylpyrrolidone (PVP), cellulosic polymers (including
hydroxypropyl cellulose (HPC), hydroxypropylmethylcellulose (HPMC), methyl cellulose,
ethyl cellulose, hydroxyethyl cellulose (HEC), carboxymethyl cellulose and the like), veegum,
carbomer (e.g., carbopol), sodium, dextrin, guar gum, hydrogenated vegetable oil, magnesium
aluminum silicate, maltodextrin, polymethacrylates, povidone (e.g., KOLLIDON,
PLASDONE), microcrystalline cellulose, among others. Binding agents also include, e.g.,
acacia, agar, alginic acid, cabomers, carrageenan, cellulose acetate phthalate, ceratonia,
chitosan, confectioner’s sugar, copovidone, dextrates, dextrin, dextrose, ethylcellulose, gelatin,
glyceryl behenate, guar gum, hydroxyethyl cellulose, hydroxyethylmethyl cellulose,
hydroxypropyl cellulose, hydroxypropyl starch, hypromellose, inulin, lactose, magnesium
aluminum silicate, maltodextrin, maltose, methylcellulose, poloxamer, polycarbophil,
polydextrose, polyethylene oxide, polymethylacrylates, povidone, sodium alginate, sodium

carboxymethylcellulose, starch, pregelatinized starch, stearic acid, sucrose, and zein.

[0404] Suitable forms of microcrystalline cellulose include, but are not limited to, the
materials sold as AVICEL-PH-101, AVICEL-PH-103 AVICEL RC-581, AVICEL-PH-105
(FMC Corporation, Marcus Hook, Pa.), and mixtures thereof. In some embodiment, a specific
binder is a mixture of microcrystalline cellulose and sodium carboxymethyl cellulose sold as
AVICEL RC-581. Suitable anhydrous or low moisture excipients or additives include
AVICEL-PH-103™ and Starch 1500 LM.

[0405] In some embodiments, the pharmaceutical composition comprises one or more
disintegrants. In certain embodiments, the disintegrant is selected from alginic acid, calcium
alginate, carboxymethylcellulose calcium, carboxymethylcellulose sodium, cellulose,
chitosan, colloidal silicon dioxide, corn starch, croscarmellose sodium, crospovidone, docusate
sodium, glycine, guar gum, hydroxypropyl cellulose, magnesium aluminum silicate,
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methylcellulose, microcrystalline cellulose, pre-gelatinized starch, polacrilin potassium,

povidone, silicates, sodium aliginate, sodium carbonate, and sodium starch glycolate.

[0406] Suitable disintegrants include, but are not limited to, agar; bentonite; celluloses, such
as methylcellulose and carboxymethylcellulose; wood products; natural sponge; cation-
exchange resins; alginic acid; gums, such as guar gum and Veegum HV; citrus pulp; cross-
linked celluloses, such as croscarmellose; cross-linked polymers, such as crospovidone; cross-
linked starches; calcium carbonate; microcrystalline cellulose, such as sodium starch glycolate;
polacrilin potassium; starches, such as corn starch, potato starch, tapioca starch, and pre-

gelatinized starch; clays; aligns; and mixtures thereof.

[0407] In some embodiments, the pharmaceutical composition comprises one or more
surfactants. In some embodiments, the surfactant is selected from polyoxyethylene (20)
sorbitan monolaurate (e.g., Tween-20), polyoxyethylene (20) sorbitan monooleate (e.g.,

Tween-80), sodium lauryl sulfate, and sodium dodecyl sulfate.

[0408] In some embodiments, the pharmaceutical composition comprises one or more pore
formers. In some embodiments, the pore former is selected from hydroxypropylcellulose,
hydroxypropylmethylcellulose, polyethyleneglycol, poloaxamer 188, povidone (e.g., Kollidon

K25/K30), or sugar (e.g., glucose, mannose, fructose, and sucrose).

[0409] In some embodiments, the pharmaceutical composition comprises one or more
glidants. In some embodiments, the glidant is selected from calcium phosphate, cellulose,
colloidal silicon dioxide, fumed silica, magnesium oxide, magnesium silicate, magnesium
stearate, magnesium trisilicate, and talc. Suitable glidants include, but are not limited to,

colloidal silicon dioxide, CAB-O-SIL™ (Cabot Co. of Boston, MA), and asbestos-free talc.

[0410] In some embodiments, the pharmaceutical composition comprises one or more
lubricants. In some embodiments, the lubricant is selected from calcium stearate, glycerin
monosterate, glyceryl behenate, glyceryl palmitostearate, hydrogenated castor oil,
hydrogenated vegetable oil, light mineral oil, myristic acid, poloxamer, polyethylene glycol,
sodium benzoate, sodium chloride, sodium lauryl sulfate, sodium stearyl fumarate, solid

polyethylene glycols, stearic acid, and talc.

[0411] Lubricants that can be used in pharmaceutical compositions and dosage forms
include, but are not limited to, calcium stearate, magnesium stearate, mineral oil, light mineral
oil, glycerin, sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl

sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame
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oil, olive oil, corn oil, and soybean oil), zinc stearate, ethyl oleate, ethyl laureate, agar, and
mixtures thereof. Additional lubricants include, for example, a syloid silica gel (AEROSIL200,
manufactured by W.R. Grace Co. of Baltimore, Md.), a coagulated aerosol of synthetic silica
(marketed by Degussa Co. of Plano, Tex.), CAB-O-SIL (a pyrogenic silicon dioxide product
sold by Cabot Co. of Boston, Mass.), and mixtures thereof.

[0412] In some embodiments, the pharmaceutical composition comprises one or more film
coating agents. In some embodiments, the {ilm coating comprises a poly(vinyl alcohol) base.
In some embodiments, the film coating includes a coloring agent or pigment. In some

embodiments, the film coating is Opadry II® such as Opadry [I® yellow.

[0413] Suitable coloring agents include, but are not limited to, any of the approved, certified,
water soluble FD&C dyes, and water insoluble FD&C dyes suspended on alumina hydrate, and
color lakes and mixtures thereof. A color lake is the combination by adsorption of a water-

soluble dye to a hydrous oxide of a heavy metal, resulting in an insoluble form of the dye.

[0414] Suitable flavoring agents include, but are not limited to, natural flavors extracted from
plants, such as fruits, and synthetic blends of compounds which produce a pleasant taste

sensation, such as peppermint and methyl salicylate.

[0415] Suitable sweetening agents include, but are not limited to, sucrose, lactose, mannitol,

syrups, glycerin, and artificial sweeteners, such as saccharin and aspartame.

[0416] Suitable emulsifying agents include, but are not limited to, gelatin, acacia, tragacanth,
bentonite, and surfactants, such as polyoxyethylene sorbitan monooleate (Tween-20),

polyoxyethylene sorbitan monooleate 80 (Tween-80), and triethanolamine oleate.

[0417] Suitable suspending and dispersing agents include, but are not limited to, sodium
carboxymethylcellulose, pectin, tragacanth, Veegum, acacia, sodium carbomethylcellulose,

hydroxypropyl methylcellulose, and polyvinylpyrrolidone.

[0418] Suitable preservatives include, but are not limited to, glycerin, methyl and

propylparaben, benzoic acid, sodium benzoate, and alcohol.

[0419] Suitable wetting agents include, but are not limited to, propylene glycol monostearate,

sorbitan monooleate, diethylene glycol monolaurate, and polyoxyethylene lauryl ether.

[0420] Suitable solvents include, but are not limited to, glycerin, sorbitol, ethyl alcohol, and

syrup.
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[0421] Suitable non-aqueous liquids utilized in emulsions include, but are not limited to,

mineral oil and cottonseed oil.
[0422] Suitable organic acids include, but are not limited to, citric and tartaric acid.

[0423] Suitable sources of carbon dioxide include, but are not limited to, sodium bicarbonate

and sodium carbonate.

[0424] The pharmaceutical compositions provided herein for oral administration can be
provided as compressed tablets, tablet triturates, chewable lozenges, rapidly dissolving tablets,
multiple compressed tablets, or enteric-coating tablets, sugar-coated, or film-coated tablets.
Enteric-coated tablets are compressed tablets coated with substances that resist the action of
stomach acid but dissolve or disintegrate in the intestine, thus protecting the active ingredients
from the acidic environment of the stomach. Enteric-coatings include, but are not limited to,
fatty acids, fats, phenyl salicylate, waxes, shellac, ammoniated shellac, and cellulose acetate
phthalates. Sugar-coated tablets are compressed tablets surrounded by a sugar coating, which
may be beneficial in covering up objectionable tastes or odors and in protecting the tablets from
oxidation. Film-coated tablets are compressed tablets that are covered with a thin layer or film
of a water-soluble material. Film coatings include, but are not limited to,
hydroxyethylcellulose, sodium carboxymethylcellulose, polyethylene glycol 4000, and
cellulose acetate phthalate. Film coating imparts the same general characteristics as sugar
coating. Multiple compressed tablets are compressed tablets made by more than one

compression cycle, including layered tablets, and press-coated or dry-coated tablets.

[0425] A tablet dosage form can be prepared from the active ingredient in powdered,
crystalline, or granular forms, alone or in combination with one or more carriers or excipients
described herein, including binders, disintegrants, controlled-release polymers, lubricants,

diluents, and/or colorants.

[0426] A tablet of the present disclosure can be formulated for rapid, sustained, extended, or

modified release.

[0427] In some embodiments, a unit dosage form of the invention comprises one or more
pharmaceutically acceptable excipients selected from microcrystalline cellulose, lactose
monohydrate (modified), croscarmellose sodium, hydroxypropyl cellulose, and magnesium

stearate.

[0428] Liquid dosage forms for oral administration include, but are not limited to,

pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
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elixirs. In addition to the active compounds, the liquid dosage forms may contain inert diluents
commonly used in the art such as, for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures
thereof. Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming

agents.

[0429] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable preparation may also be a sterile injectable
solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or solvent, for
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may
be employed are water, Ringer’s solution, U.S.P. and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium.
For this purpose, any bland fixed oil can be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid are used in the preparation of

injectables.

[0430] Injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medium prior to use.

[0431] In order to prolong the effect of a compound of the present invention, it is often
desirable to slow the absorption of the compound from subcutaneous or intramuscular
injection. This may be accomplished by the use of a liquid suspension of crystalline or
amorphous material with poor water solubility. The rate of absorption of the compound then
depends upon its rate of dissolution that, in turn, may depend upon crystal size and crystalline
form. Alternatively, delayed absorption of a parenterally administered compound form is
accomplished by dissolving or suspending the compound in an oil vehicle. Injectable depot
forms are made by forming microencapsule matrices of the compound in biodegradable
polymers such as polylactide-polyglycolide. Depending upon the ratio of compound to
polymer and the nature of the particular polymer employed, the rate of compound release can
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be controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the

compound in liposomes or microemulsions that are compatible with body tissues.

[0432] Compositions for rectal or vaginal administration are preferably suppositories which
can be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which are
solid at ambient temperature but liquid at body temperature and therefore melt in the rectum or

vaginal cavity and release the active compound.

[0433] The active compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, e.g., tableting lubricants and other tableting aids
such a magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets and
pills, the dosage forms may also comprise buffering agents. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s)
only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and

waxes.

[0434] Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants
or patches. The active component is admixed under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or buffers as may be required. Ophthalmic
formulation, ear drops, and eye drops are also contemplated as being within the scope of this
invention. Additionally, the present invention contemplates the use of transdermal patches,
which have the added advantage of providing controlled delivery of a compound to the body.
Such dosage forms can be made by dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used to increase the flux of the compound across
the skin. The rate can be controlled by either providing a rate controlling membrane or by

dispersing the compound in a polymer matrix or gel.
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[0435] Insomeembodiments, the present invention is directed to a composition, as described
herein, comprising a prodrug of a disclosed compound. The term “prodrug,” as used herein,
means a compound that is convertible in vivo by metabolic means (e.g. by hydrolysis) to a
compound. Various general forms of prodrugs are known in the art such as those discussed in,
for example, Bundgaard, (ed.), Design of Prodrugs, Elsevier (1985); Widder, et al. (ed.),
Methods in Enzymology, vol. 4, Academic Press (1985); Krogsgaard-Larsen, et al., (ed).
Design and Application of Prodrugs, Textbook of Drug Design and Development, Chapter 5,
113-191 (1991), Bundgaard, et al., Journal of Drug Delivery Reviews, 8:1-38(1992),
Bundgaard, J. of Pharmaceutical Sciences, 77:285 et seq. (1988); and Higuchi and Stella (eds.)
Prodrugs as Novel Drug Delivery Systems, American Chemical Society (1975), each of which

is hereby incorporated by reference in its entirety.

[0436] For oral administration in the form of a tablet or capsule (e.g., a gelatin capsule), the
active drug component can be combined with an oral, non-toxic pharmaceutically acceptable
inert carrier such as ethanol, glycerol, water and the like. Moreover, when desired or necessary,
suitable binders, lubricants, disintegrating agents and coloring agents can also be incorporated
into the mixture. Suitable binders include starch, magnesium aluminum silicate, starch paste,
gelatin, methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone, natural
sugars such as glucose or beta-lactose, corn sweeteners, natural and synthetic gums such as
acacia, tragacanth or sodium alginate, polyethylene glycol, waxes and the like. Lubricants used
in these dosage forms include sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chloride, silica, talcum, stearic acid, its magnesium or
calcium salt and/or polyethyleneglycol and the like. Disintegrants include, without limitation,
starch, methyl cellulose, agar, bentonite, xanthan gum starches, agar, alginic acid or its sodium
salt, or effervescent mixtures, croscarmellose or its sodium salt, and the like. Diluents include,

e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine.

[0437] Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients may
be for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium
phosphate or sodium phosphate; granulating and disintegrating agents, for example, corn
starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating
agents, for example magnesium stearate, stearic acid or talc. The tablets may be uncoated or
they may be coated by known techniques to delay disintegration and absorption in the

gastrointestinal tract and thereby provide a sustained action over a longer period.
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[0438] A therapeutically effective dose, of a compound described herein in an oral
formulation, may vary from 0.01 mg/kg to 50 mg/kg patient body weight per day, more
particularly 0.01 to 10 mg/kg, which can be administered in single or multiple doses per day.
For oral administration, the drug can be delivered in the form of tablets or capsules containing
1 mg to 500 mg of the active ingredient specifically, 1 mg, 5 mg, 10 mg, 20 mg, 50 mg, 100
mg, 250 mg, and 500 mg, or in the forms of tables or capsules containing at least 1%, 2%, 5%,
10%, 15%, 20%, 25%, 30%, 40%, 50% (w/w) of the active ingredient. For example, the
capsules may contain 50 mg of the active ingredient, or 5-10% (w/w) of the active ingredient.
For example, the tablets may contain 100 mg of the active ingredient, or 20-50% (w/w) of the
active ingredient. For example, the tablet may contain, in addition to the active ingredient, a
disintegrant or emollient (e.g., croscarmellose or its sodium salt and methyl cellulose), a diluent
(e.g., microcrystalline cellulose), and a lubricant (e.g., sodium stearate and magnesium

stearate). The drug can be administered on a daily basis either once, twice or more per day.

[0439] For administration by inhalation, the compounds can be delivered in the form of an
acrosol spray from pressured container or dispenser, which contains a suitable propellant, e.g.,

a gas such as carbon dioxide, or a nebulizer.

[0440] For transmucosal or transdermal administration, penetrants appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are generally known in the art,
and include, for example, for transmucosal administration, detergents, bile salts, and fusidic
acid derivatives. Transmucosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the active compounds are formulated
into ointments, salves, gels, or creams as generally known in the art. Penetration enhancers
promote the penetration of drugs through the corneal barrier and change the integrity of the
epithelial cell layer. Frequently used penetration enhancers in ocular formulations
include cyclodextrin, dimethylsulphoxide (DMSO), ethylenediaminetetraacetic acid (EDTA),
sodium glycocholate and related cholates, Tween 20 (a non-ionic polysorbate surfactant), Brij
35 (polyoxyethylene lauryl ether), saponins and bile salts. Generally, penetration enhancers
such as EDTA and cholates transiently loosen the tight junctions between adjacent cells of the
corneal epithelium. Thus, penetration enhancers, when applied topically to the eye, have been
successfully applied to the delivery of protein and peptides through the corneal epithelium. In
some embodiments, a formulation described herein includes a penetration enhancer such as
polyoxyethylene-9-lauryl ether, sodium deoxycholate, sodium glycocholate, or sodium

taurocholate.
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[0441] In some embodiments, a pharmaceutically acceptable excipient in an ophthalmic
solution or transmucosal formulation of the invention is a cyclodextrin. Cyclodextrins are
known to act as permeation enhancers and mucoadhesive agents. In some embodiments, the
cyclodextrin is a-, B- or y-cyclodextrin. In some embodiments, the cyclodextrin is a
pharmaceutically acceptable derivative of a cyclodextrin, including, but not limited to, the
hydroxyalkyl derivatives of a-, B- and y-cyclodextrin (especially the hydroxyethyl and
hydroxypropyl derivatives of B-cyclodextrin and y-cyclodextrin), randomly methylated f3-
cyclodextrin, sulfobutylether B-cyclodextrin, sulfobutylether y-cyclodextrin, and the so-called
branched - and y-cyclodextrin derivatives such as glucosyl-p-cyclodextrin and glucosyl-y-
cyclodextrin. The natural cyclodextrins are either used alone or in a mixture of two or more
cyclodextrins, by way of non-limiting example, a mixture of the y-cyclodextrin and the more
water-soluble hydroxypropyl y-cyclodextrin, or y-cyclodextrin and sulfobutylether v-
cyclodextrin, or B-cyclodextrin and hydroxypropyl-p-cyclodextrin, or B-cyclodextrin and
sulfobutylether 3-cyclodextrin.

[0442] In some embodiments, a cyclodextrin in an ophthalmic solution or transmucosal
formulation of the invention is at a concentration of 0 to 20% w/v. In some embodiments, a
cyclodextrin in an ophthalmic solution of the invention is at a concentration of 1 to 18% w/v,
1 to 16% w/v, 1 to 14% w/v, 2 to 12% w/v, 4 to 10% w/v, 5 to 9% w/v, or 6 to 8% w/v. In
some embodiments, the cyclodextrin in an ophthalmic solution of the invention is at a
concentration of 7% to 11% w/v. In some embodiments, a cyclodextrin in an ophthalmic
solution of the invention is at a concentration of about 1% w/v, 2% w/v, 3% w/v, 4% w/v, 5%
wiv, 6% w/v, 7% wiv, 8% wiv, 9% w/v, 10% w/v, 11% w/v, 12% w/v, 13% w/v, 14% w/v,
15% w/v, 16% wiv, 17% w/v, 18% w/v, 19% w/v, or 20% w/v.

[0443] In some embodiments, a pharmaceutically acceptable excipient in an ophthalmic
solution or transmucosal formulation of the invention is sulfobutylether-p-cyclodextrin, in
particular at any of the specified concentrations and ranges of concentrations above, such as
about 7% w/v. In some embodiments, a pharmaceutically acceptable excipient in an
ophthalmic solution of the invention is hydroxypropyl-p-cyclodextrin, in particular at any of
the specified concentrations and ranges of concentrations specified above, such as about 7%

w/v.

[0444] In some embodiments, an ophthalmic solution of the invention comprises a

pharmaceutically acceptable buffering agent. In some embodiments, a pharmaceutically
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acceptable buffering agent is a phosphate buffer, citrate buffer, tris buffer, histidine buffer or

acetate buffer.

[0445] In some embodiments, a pharmaceutically acceptable buffering agent is sodium
phosphate, dibasic. In some embodiments, a pharmaceutically acceptable buffering agent is
sodium phosphate, monobasic. In some embodiments, a pharmaceutically acceptable buffering
agent is a mixture of sodium phosphate, dibasic, and sodium phosphate, monobasic. In some
embodiments, an ophthalmic solution of the invention comprises about 0.083% w/v sodium

phosphate, dibasic, and about 0.017% w/v sodium phosphate, monobasic.

[0446] In some embodiments, the ophthalmic solution of the invention is at an approximately
neutral pH. In some embodiments, an ophthalmic solution of the invention is at a pH of 6.5 to
8. In some embodiments, an ophthalmic solution of the invention is at a pH 0f 6.9 to 7.7. In
some embodiments, an ophthalmic solution of the invention is at a pH of 7.1 to 7.5. In some

embodiments, an ophthalmic solution of the invention is at a pH of about 7.3.

[0447] Pharmaceutically acceptable acids and/or bases may be used in the ophthalmic
solution to adjust pH. In some embodiments, an ophthalmic solution of the invention
comprises a pharmaceutically acceptable acid. In some embodiments, an ophthalmic solution
of the invention comprises a pharmaceutically acceptable base. In some embodiments, an
ophthalmic solution of the invention comprises a pharmaceutically acceptable acid and base.
In some embodiments, a pharmaceutically acceptable acid is hydrochloric acid. In some

embodiments, pharmaceutically acceptable base is sodium hydroxide.

[0448] In some embodiments, an ophthalmic solution of the invention comprises a tonicity
agent. In some embodiments, a tonicity agent is selected from the group consisting of dextrose,
potassium chloride, propylene glycol, and sodium chloride. In some embodiments, an
ophthalmic solution of the invention comprises a tonicity agent at a concentration of less than
about 0.5% w/v. In some embodiments, an ophthalmic solution of the invention comprises a
tonicity agent at a concentration of about 0.45%, 0.4%, 0.35%, 0.3%, 0.25%, 0.2%, 0.15%, or

0.1% w/v. In some embodiments, a tonicity agent is sodium chloride.

[0449] Parenteral formulations comprising a compound described herein can be prepared in
aqueous isotonic solutions or suspensions, and suppositories are advantageously prepared from
fatty emulsions or suspensions. The formulations may be sterilized and/or contain adjuvants,
such as preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for

regulating the osmotic pressure and/or buffers. In addition, they may also contain other
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therapeutically valuable substances. The compositions are prepared according to conventional
methods, and may contain about 0.1 to 75%, preferably about 1 to 50%, of a compound

described herein.

[0450] The phrases “parenteral administration” and “administered parenterally” are art-
recognized terms, and include modes of administration other than enteral and topical
administration, such as by injection, and include, without limitation, intravenous,
intramuscular, intrapleural, intravascular, intrapericardial, intraarterial, intrathecal,
intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intra-articular, subcapsular, subarachnoid, intraspinal and

intrasternal injection and infusion.

[0451] Formulations for topical administration to the skin can include, for example,
ointments, creams, gels and pastes comprising the primary amine compound in a
pharmaceutical acceptable carrier. The formulation of the primary amine compound for topical
use includes the preparation of oleaginous or water-soluble ointment bases, as is well known
to those in the art. For example, these formulations may include vegetable oils, animal fats,
and, for example, semisolid hydrocarbons obtained from petroleum. Particular components
used may include white ointment, yellow ointment, cetyl esters wax, oleic acid, olive oil,
paraffin, petrolatum, white petrolatum, spermaceti, starch glycerite, white wax, yellow wax,
lanolin, anhydrous lanolin and glyceryl monostearate. Various water-soluble ointment bases
may also be used, including glycol ethers and derivatives, polyethylene glycols, polyoxyl 40

stearate and polysorbates.

[0452] The formulations for topical administration may contain the compound used in the
present application at a concentration in the range of 0.001-10%, 0.05-10%, 0.1-10%, 0.2-10%,
0.5-10%, 1-10%, 2-10%, 3-10%, 4-10%, 5-10%, or 7-10% (weight/volume), or in the range of
0.001-2.0%, 0.001-1.5%, or 0.001-1.0%, (weight/volume), or in the range of 0.05-2.0%, 0.05-
1.5%, or 0.05-1.0%, (weight/volume), or in the range of 0.1-5.0%, 0.1-2.0%, 0.1-1.5%, or 0.1-
1.0% (weight/volume), or in the range of 0.5-5.0%, 0.5-2.0%, 0.5-1.5%, or 0.5-1.0%
(weight/volume), or in the range of 1-5.0%, 1-2.0%, or 1-1.5% (weight/volume). The
formulations for topical administration may also contain the compound used in the present
application at a concentration in the range of 0.001-2.5%, 0.01-2.5%, 0.05-2.0%, 0.1-2.0%,
0.2-2.0%, 0.5-2.0%, or 1-2.0% (weight/weight), or in the range of 0.001-2.0%, 0.001-1.5%,
0.001-1.0%, or 0.001-5% (weight/weight).
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[0453] In some embodiments, the compound or pharmaceutically acceptable salt thereof is
administered systemically. In some embodiments, the compound or pharmaceutically
acceptable salt thereof'is administered orally as part of a solid pharmaceutical composition. In
some embodiments, the pharmaceutical composition is a liquid. In some embodiments, the

pharmaceutical composition is administered as a liquid via nasogastric tube.

[0454] In some embodiments, the dose of the compound or pharmaceutically acceptable salt
thereof is about 10 mg to about 10,000 mg per day. In some embodiments, the dose of the
compound or pharmaceutically acceptable salt thereof is about 10 mg to about 7500 mg per
day. In some embodiments, the dose of the compound or pharmaceutically acceptable salt
thereof is about 50 mg to about 3600 mg per day. In some embodiments, the dose of the
compound or pharmaceutically acceptable salt thereof is about 250 mg to about 2400 mg per
day. In some embodiments, the dose of the compound or pharmaceutically acceptable salt
thereof is about 600 mg to about 5000 mg per day. In some embodiments, the dose of the
compound or pharmaceutically acceptable salt thereof is about 1000 mg to about 7500 mg per

day.

[0455] In some embodiments, the compound or pharmaceutically acceptable salt thereof is
administered once, twice, thrice, or four times per day. In some embodiments, the compound

or pharmaceutically acceptable salt thereof is administered twice per day.

[0456] In some embodiments, the dose of the compound or pharmaceutically acceptable salt

thereof is about 600 mg BID (i.e., twice per day); 1.2 g BID; or 2.4 g BID.

[0457] In some embodiments, the pharmaceutical composition is administered daily in one
or more divided doses. In some embodiments, the composition is administered once per day
(qua diem; QD). In some embodiments, the composition is administered twice per day (bis in
die; BID). In some embodiments, the composition is administered thrice per day (ter in die;
TID). In some embodiments, the composition is administered four times per day (quater in
die; QID). In some embodiments, the composition is administered every four (4) hours (quaque

four hours; g4h).

[0458] In some embodiments, compound I-1 is selected as the active pharmaceutical
ingredient and is processed and manufactured to a solid form thereof, such as its most stable
polymorph, prior to compounding into drug product. In some embodiments, the solid form,
e.g., polymorph, is one of those described in PCT/US2020/031138, published as WO
2020/223685, hereby incorporated by reference.

83



WO 2021/231792 PCT/US2021/032335

[0459] In some embodiments, the solid form of compound I-1 is substantially amorphous or
crystalline, or is a mixture thereof. In some embodiments, the solid form is substantially free

of impurities.

[0460] In certain embodiments, compound I-1 is a crystalline solid. In some embodiments,
compound I-1 is a crystalline solid substantially free of amorphous compound I-1. As used
herein, the term “substantially free of amorphous compound I-1”” means that the compound
contains no significant amount of amorphous compound I-1. In some embodiments, at least
about 95% by weight of crystalline compound I-1 is present. In still other embodiments of the

invention, at least about 99% by weight of crystalline compound I-1 is present.

[0461] It has been found that compound I-1 can exist in a variety of solid forms. Exemplary

such forms include polymorphs such as those described below.

[0462] In some embodiments, compound I-1 is amorphous. In some embodiments,

compound I-1 is amorphous, and is substantially free of crystalline compound I-1.

[0463] Insome embodiments, compound I-1 is a solid form in PCT/US2020/031138 selected

from Compound 5:

NH
AN 2 . Hcl

\

OH
5

wherein the form is of Form A or Form B. In some embodiments, the compound is crystalline.
In some embodiments, the compound is a crystalline solid substantially free of amorphous
compound 5. In some embodiments, the compound is substantially free of impurities. In some
embodiments, the compound has one or more peaks in its XRPD selected from those at about
13.9, about 15.8 and about 24.3 degrees 2-theta. In some embodiments, the compound has at
least two peaks in its XRPD selected from those at about 13.9, about 15.8 and about 24.3
degrees 2-theta. In some embodiments, the compound is of Form A. In some embodiments,
the compound has an XRPD substantially similar to that depicted in FIG. 21 of
PCT/US2020/031138. In some embodiments, the compound has one or more peaks in its
XRPD selected from those at about 10.2, about 17.0 and about 28.8 degrees 2-theta. In some
embodiments, the compound has at least two peaks in its XRPD selected from those at about

10.2, about 17.0 and about 28.8 degrees 2-theta. In some embodiments, the compound is of
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Form B. In some embodiments, the compound has an XRPD substantially similar to that

depicted in FIG. 23 of PCT/US2020/031138.

[0464] In some embodiments, compound I-1 is a solid form described in

PCT/US2020/031138 selected from the group consisting of:

Compound A:
SN NH»
Z
N
CH
A
of Form A;
Compound 1:
NH 0]
N
—&—oH
N/ 6]
OH
1
of Form A or Form B;
Compound 2:
A NH2 . (l?
s
- ]
OH
2
of Form A;
Compound 3:
\ NHZ . ﬁ
HO—S—OH
s ]
OH
3

of Form A, Form B, Form C or Form D;

Compound 4:
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NH; o

N < > ||
S—OH
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of Form A or Form B;
Compound 6:
O
N )H(OH
HO
N/
OH ©
6
of Form A or Form B;
Compound 7:
NH ﬁ
2 —QOH
N VAN
HO™ “OH
P
N
OH
7
of Form A or Form B;
Compound 8:
S NH» ‘o O\\S//O
P NN on
N N
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8
of Form A;
Compound 9:
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N2 HO
OH
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9

of Form A, Form B or Form C,;

Compound 10:
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- NH: . @
HO,
QfIK NOH
N
OH O
10

of Form A; and
Compound 11:
NV o OO,
11
of Form A.

[0465] In some embodiments, the present invention provides a pharmaceutical composition
or unit dosage form comprising a solid form of compound I-1 in the form of Compound A,
wherein Compound A has one or more peaks in its XRPD selected from those at about 10.4,
about 17.5, and about 20.9 degrees 2-theta. In some such embodiments, the present invention
provides Compound A, wherein the compound has at least two peaks in its XRPD selected
from those at about about 10.4, about 17.5, and about 20.9 degrees 2-theta. In some such
embodiments, the present invention provides Compound A, wherein the compound is of Form
A. In some embodiments, the present invention provides Compound A, wherein the compound

has an XRPD substantially similar to that depicted in FIG. 1 of PCT/US2020/031138.

[0466] In some embodiments, the quinoline compound is a deuterium-enriched compound
described in US Patent No. 10,550,085, the entirety of which is hereby incorporated by

reference.

[0467] All publications, patents, patent applications and other documents cited in this
application are hereby incorporated by reference in their entireties for all purposes to the same
extent as if each individual publication, patent, patent application or other document were

individually indicated to be incorporated by reference for all purposes.

[0468] All features of each of the aspects of the invention apply to all other aspects mutatis

mutandis.

EXEMPLIFICATION

Example 1: Solid Oral Dosage Formulation
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[0469] Compound I-1 was selected as the active pharmaceutical ingredient. In this case, the
most stable polymorph of I-1 was used for the formulation. All excipients used in the I-1 drug
product comply with their respective compendial monographs. None of the excipients used

are of human or animal origin.
Formulation Development

[0470] Compound I-1 was formulated into 10 mg and 100 mg unit dose capsules. The
proposed clinical formulation has been developed to allow for the potential of future
introduction of additional strengths.

[0471] Spray-drying was selected for formulation of this compound. By co-precipitating the
compound with a polymer in a stable amorphous solid dispersion, spray-drying improved the
dissolution rates and enhanced the bioavailability. The I-1 drug substance is a hydrophobic
substance with poor solubility in aqueous media but increased solubility in non-polar solvents.
This made I-1 an appropriate candidate for the application of formulation through spray drying
dispersion (SDD).

Excipient Compatability Study and Selection:

[0472] Eudragit L100 was selected as the polymer that was compatible with I-1 and
demonstrated acceptable stability and dispersion characteristics when spray dried with I-1. I-
1 and Eudragit L100 were dissolved in methanol and spray dried to generate the spray dried
intermediate (SDI) which was then applied in the excipient selection study.

[0473] Multiple excipients were tested with the I-1 SDI for compatibility as well as
compatibility with gelatin and hydroxypropyl methylcellulose (HPMC) capsules. Excipients
were selected based on the known physical properties and manufacturability on blending

(Table A).

Table A: Formulation of Compound I-1

No. | Component Function
1 I-1 SDI Intermediate
2 I-1 Crystalline: Eudragit L100 SDI composition
3 Microcrystalline cellulose (Avicel PH102) Filler
4 Mannitol (Pearlitol 200 SD) Filler
5 Lactose Monohydrate Filler
6 Croscarmellose sodium (Ac-Di-Sol) Disintegrant
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No. | Component Function
7 Crospovidone (Kollidon CL) Disintegrant
8 Kollidon VA64 Binder
9 Magnesium Stearate Lubricant
10 Fumed Silica (Aerosil) Glidant
11 Sodium Lauryl Sulphate Surfactant

12 Citric Acid

Acidity regulator for effervescent

component

13 Effer-soda (surface modified sodium

bicarbonate/carbonate)

Effervescent component

14 Gelatin capsule

Encapsulation

15 Hydroxypropyl methylcellulose (HPMC) capsule

Encapsulation

The SDI and excipient mixtures were prepared and evaluated for chemical and physical

stability. Samples of each blend were stored at 25 °C/60% RH (open for only 2 weeks), 40

°C/75% RH (open), and 60 °C (closed), and tested out to 28 days. Samples were analyzed for

physical stability (visually), structural stability by x-ray powder diffraction (XRPD), and purity

by high-performance liquid chromatography (HPLC).

[0474]

Capsules comprising 100 mg of compound I-1 were manufactured as a non-sterile

spray dried, granulated powder blend. The blend was then filled into capsules for oral delivery.

The capsules were packaged in high-density polyethylene bottles.

composition of the 100 mg capsule is presented in Table B.

The quantitative

Table B: Quantitative Composition of 100 mg Capsule

Component Quality/Grade | Quantity % (w/w) of

(mg/unit) Total
Compound I-1 GMP 100 31.5%
Eudragit L100 USP, EP 185.7 58.5%
Pearlitol 200 SD (Mannitol) USP, EP 6.4 2.0%
Kollidon® VA 64 Fine USP, EP 22.2 7.0%
Acerosil 200 Pharma (Fumed Silica) | NF, EP, JP 1.6 0.50%
Magnesium Stearate NF, BP,EP,JP | 1.6 0.50%
Total - 317.5 -
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USP = United States Pharmacopeia; EP =European Pharmacopeia; JP = Japanese

Pharmacopeia; NF = National Formulary.

Example 2: Pharmacokinetics of Compound I-1 in the Dog by the Intravenous, Oral

(Capsule) and Oral (Gavage) Routes of Administration

List of Abbreviations

GLP Good Laboratory Practice

t1/2 Half-life

Co Concentration at time zero

CL Clearance

AUC 0-t Area under the curve from time 0 to end
AUC o-inf Area under the curve from time zero to infinity
Vss Volume of distribution at steady state
AUC/Dose | Area under the cure normalized by dose
Tmax Time of maximum concentration

Cmax Maximum concentration

BioA Bioavailability

SBECD sulfobutylether-B-cyclodextrin

PO Per Os (oral administration)

mpk Milligrams per kilogram

mg/kg Milligrams per kilogram

h Hours

Subj. Subject

[0475] A pharmacokinetic study was conducted to compare the bioavailability of capsule and

suspension oral formulations vs. an intravenous formulations.
Bioanalytical Summary

[0476] The standard curve was prepared from 1 to 2,000 ng/mL. QC samples were prepared
at 30, 30, and 750 ng/mL. Dilution QCs were prepared at 10-fold dilution. Deuterated (d¢) I-
1 (compound I-7) was used as an internal standard. A 50 pL aliquot of sample was added to
150 pL of cold internal standard in acetonitrile to effect protein precipitation. The resulting
supernatants were analyzed by LCMS. Diluted sample data was utilized only for over-the-

curve results.

Pharmacokinetic Summary
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[0477] The intravenous data were analyzed to determine a half-life (t1/2) of 1.82 hours. The
Clearance (CL) was moderate at 12.2 ml/kg/min. The steady-state volume of distribution was
estimated to be 1,385 mL/kg. The bioavailability results for the capsules and oral gavage routes
were similar at 83% and 75% respectively. Within the error of the experiment, there was no
difference between the capsule and gavage routes with regard to bioavailability. The Tmax of

the Capsule route was 2.37 hours and the Tmax of the oral gavage route was 0.518 hours.
Experimental Design

[0478] Briefly, 9 male non-naive beagle dogs were assigned in groups of 3 to 3 dose groups.
Group 1 was dosed 3 mg/kg by the intravenous route in a vehicle of 20% sulfobutylether-f3-
cyclodextrin (SBECD). Group 2 was dosed 10 mg/kg by the oral gavage route in a vehicle of
0.5% methylcellulose (MC). Group 3 was dosed with 100 mg capsules.

[0479] The I-1 100 mg capsules are manufactured as a non-sterile spray dried, granulated
powder blend. The blend is then filled into capsules for oral delivery. The capsules are
packaged in high-density polyethylene bottles. The quantitative composition of the I-1 100 mg

capsule is presented above in Table B.
Dosing
[0480] Formulations will be administered to the animals at time 0 on the appropriate day.

[0481] Procedure: (PO) gavage: formulations will be administered via a rubber oral gavage
tube followed by a 10 mL flush with drinking water. (PO) tablet: tablets will be administered
orally by placing the tablet in the back of the throat followed by a 10 mL flush with water.

Sampling

[0482] Frequency: Pre-dose, 5, 15, 30 min, 1, 2, 4, 8, and 12 hrs post-dose (IV); pre-dose,
15,30 min, 1, 2, 4, 8, and 12 hrs post-dose (PO by gavage and PO by capsule).

[0483] Blood collection: each blood sample will be collected from the dog’s jugular vein or
other accessible vein via direct venepuncture, placed into a pre-labeled tube containing

K:2EDTA and kept on ice until centrifugation.

[0484] Plasma preparation and storage: Certifuged at 4 C at 3,000x for 5 min. Stored in a

freezer until analysed.

Pharmacokinetics
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[0485]
as a tool for non-GLP studies and was used to process the pharmacokinetic data.
[0486]

compartment, and two compartment models. The models were assessed for goodness of fit

Pharmacokinetics package PKSolver2.0™ has been validated against WinNonLin™

For each route, the average data were processed with non-compartmental, one

and the accuracy of the model to assess the biphasic data, with either a) no weighting, b)
1/concentration observed, or c) 1/concentration observed squared. 1/concentration predicted,
and 1/concentration predicted squared weightings were also assessed for best fit. For the
capsule data, one animal was observed at 71.5 ng/mL at the 0.25 hour timepoint and the other
two subjects were zero. The zeros were averaged with the 71.5 value for a resulting average
of 23.8. For the In Group 2 (PO Gavage) subject 3 experienced 30 mL of emesis, so the dose
assigned to that subject was 7.46. In all cases, the subjects were modelled individually, and
the individual PK parameters were averaged to provide final parameters.

[0487]
with 1/concentration observed squared weighting. Subjects 1, 2, and 3 had an R2 value of
0.9942, 0.9941, and 0.9905 respectively and an AIC of -5.68, -8.67, and -3.18 respectively.
[0488]
model with 1/concentration predicted squared weighting. Subjects 1, 2, and 3 had an R2 value
0f0.9641, 0.9807, and 0.9397 respectively and an AIC of -3.75, -7.63, and 2.29 respectively.
[0489]
model with a lag time and no weighting. Subjects 1, 2, and 3 had an R2 value of 0.8561,
0.8738, and 0.7615 respectively and an AIC of 87.9, 96.5, and 99.4 respectively. The body

For group 1 (intravenous) the final model selected was a two compartment model

For group 2 (oral gavage) the final model was a two compartment extravascular

For group 3 (oral capsule) the final model was a one compartment extravascular

weight of each animal was used to assign a mg/kg dose to each individual. Subject 1 was dosed

at 7.69 mg/kg. Subject 2 was 6.94 mg/kg, and Subject 3 was 6.99 mg/kg.
Results

[0490]
concentration profiles plots are depicted in FIGS. 1, 2, and 3. The PK parameters are

detailed in Table C.

The individual time-concentration profiles are detailed in Table C. The time-

Table C: Time-Concentration Profiles for Groups 1, 2, and 3

Group 1: IV 3 mg/kg
Time(h) | Subject 1 | Subject 2 | Subject 3 | Average
0.083 4908 4896 5427 5077
0.25 2780 2300 2146 2409
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0.5 1722 1699 1566 1662
1 857 908 1088 951
2 436 766 443 548
4 259 287 203 250
8 49.0 55.4 231 425
12 23.9 17.0 5.50 15.5
Group 2: PO Gavage 10 mg/kg
Time(h) | Subject 1 | Subject 2 | Subject 3 | Average
0.25 3363 2757 1309 2476
0.5 5402 4286 3264 4317
1 2972 2608 2515 2698
2 1888 1473 908 1423
4 909 909 541 787
8 131 233 108 157
12 28.1 59.1 481 451
Group 3: PO Capsule 7 mg/kg
Time(h) | Subject 1 | Subject 2 | Subject 3 | Average
0.25 0 71.5 0 23.8
0.5 1.10 290 1.00 97.4
1 24 254 134 137
2 1745 1318 3987 2350
4 1067 736 1151 985
8 195 147 327 223
12 58.7 58.0 167 94.5
Table D: Pharmacokinetic Parameters
Intravenous - 3 mg/kg
Parameter Unit Subj1 | Subj2 | Subj3 | Average | %RSD
t1/2 h 2.20 1.82 1.44 1.82 21%
Cco ng/ml 5597 | 6672 | 7893 6721 17%
CL mL/kg/min 12.2 11.0 13.3 12.2 9%
AUC 0-t ng/ml*h 4028 | 4523 | 3759 4103 9%
AUC 0-inf [ ng/ml*h 4084 | 4560 | 3768 4137 10%
Vss mL/kg 1508 | 1395 | 1252 1385 9%
AUC/Dose | ng/ml*h/mL/kg | 1361 | 1520 [ 1256 1379 10%
Oral Gavage 0.5% Methylcellulose 10 mg/kg
Parameter Unit Subj1 | Subj2 | Subj3 | Average | %RSD
t1/2 h 285| 213 4.08 3.02 33%
Tmax h 0.459 | 0.460 | 0.635 0.518 20%
Cmax ng/ml 4351 | 3671 | 2651 3558 24%
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AUC 0-t ng/mi*h 11119 | 9913 | 7052 9361 22%
AUC 0-inf [ ng/ml*h 11209 | 10103 | 7326 9546 21%
AUC/Dose | ng/mI*h/mg/kg | 1121 | 1010 982 1038 7%
BioA % 75%

100 mg Capsule, average dose 7.2 mg/kg

Parameter Unit Subj1 | Subj2 | Subj3 | Average | STDev
t1/2 h 1.38 1.49 1.10 1.33 15%
Tmax h 257 | 237| 216 2.37 9%
Cmax ng/ml 1391 986 | 2729 1702 54%
AUC 0-t ng/ml*h 7238 | 5491 | 11511 8080 38%
AUC 0-inf | ng/ml*h 7348 | 5614 | 11556 8173 37%
AUC/Dose | ng/ml*h/mg/kg 955 809 | 1653 1139 40%
BioA % 83%
Conclusions

[0491] The bioavailability between the capsule and 0.5% methylcellulose suspension
formulations is similar within the margin of error of the experiment at 75% and 83%
respectively. The Tmax is greater for the capsule at 2.37 hours relative to the suspension at

0.518 hours.

Example 3: Phase 1 Clinical Trial of Compound I-1

[0492] This Phase 1 trial was a first-in-human, randomized, double-blind, placebo-controlled
trial with a 3:1 randomization of I-1 and placebo. The trial was comprised of single ascending
dose (SAD) and multiple ascending dose (MAD) protocols. MAD drug exposure was 10 days
of twice-per-day (BID) administration.

[0493] Overall, I-1 was found to be safe and tolerable. The adverse event profile of I-1 was
favorable compared to placebo: A total of 6 (9.4%) subjects receiving I-1 had treatment
emergent adverse events (TEAEs), compared to 4 (19.1%) subjects who received placebo.
There were no interruptions or discontinuations of study drug administration.

[0494] No clinically meaningful changes were observed in hepatic or renal analytes,
including transaminases (ALT and AST), AlkPhos (ALP), amylase, GGT, bilirubin, creatinine
kinase and creatinine. No changes in serum glucose were observed. No clinically meaningful
changes were observed in heart rate (HR), blood pressure (systolic, diastolic and orthostatic

changes), respiratory rate, pulse oximetry, or temperature. No clinically significant
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hematological changes were observed. 1-1 did not lead to QTcF prolongation. There were no
subjects who had QTcF > 500 msec or a change of > 60 msec from baseline. Five subjects had
a change of >30 msec from baseline, but did not require intervention or study drug interruption
or discontinuation, and all subjects remained asymptomatic. Three of these five subjects were
in the SAD portion of the study (one each in the 100 mg, 200 mg and 700 mg dose cohorts)
and the remaining two subjects were in the MAD portion of the study (one each in the 150 mg
BID and 300 mg BID dose cohorts).

[0495] A linear correlation was observed in Cmax and AUC as dose increased. The half-life
(t12) was consistent across cohorts and days, and mean values in multiple day exposures ranged

between 3.49 to 6.83 hours. Little to no accumulation of the drug was seen across all cohorts.

[0496] FIG. 4 shows plasma total area under the curve (AUC) of malondialdehyde (MDA)
in plasma of human subjects administered I-1 orally in this Phase 1 trial. FIG. 5 shows area
under the curve (AUC) of malondialdehyde (MDA) on day | and day 8 in plasma of human
subjects administered I-1 orally. At the top dose (600 mg BID), a Cmax of 1700 ng/mL
(approximately 8.5 mM) and an AUCo.12 of 7220 h*ng/mL were consistent with an adequate
molar ratio to achieve stoichiometric efficacy against elevated reactive aldehyde species
(RASP; also referred to as toxic aldehydes). A decrease in free MDA levels was observed in

the plasma of healthy volunteers.

Single Ascending Dose (SAD)
[0497] A total of 54 healthy volunteers were randomized across two cohorts of varying
doses: 41 subjects received I-1 and 13 subjects received placebo. Two (4.9%) subjects, both

on I-1, withdrew early from the study (for reasons unrelated to study drug).

Placebo | 20 mg | 50 mg 100 200 400 700 1200
pooled | N (%) N {%) mg N mg N mg N mg N mg
N (%) (%) (%) (%) (%) N (%)
Randomized 13 (100) | 6 (100) | 6 (100) | 6(100) | 6 (100) | 5(100) | 6 (100) | 6 (100)
Safety population | 13 (100) | 6 {100) | 6 (100) | 6(100) | 6 (100) | 5(100) | 6 (100) | 6 (100)
Completed study | 13 (100) | 6(100) | 5(83.3) | 5 6 (100) | 5(100) | 6 (100) | 6 (100)
(83.3)
Early withdrawal | O 0 1(16.7) |1 0 0 0 0
(16.7)

[0498] Subjects were predominantly males (M:F — 34:20), Black or African Americans
(67%), and non-hispanics (93%). A fair balance in age and BMI was observed across the

cohorts. Mean age and BMI range was 30.0 — 38.5 years and 24.3 — 26.5, respectively.
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[0499] Two (3.7%) subjects who received I-1 experienced TEAs. A subject in the 100mg
dose cohort had an event of syncope lasting less than a minute, moderate in intensity and
deemed to be related to the study drug. The subject also had postural orthostatic tachycardia
syndrome and back pain. The other subject had an AE of sinus congestion, mild in intensity

and deemed not to be related to I-1. This subject had received a single dose of 700 mg,

[0500] Pharmacokinetic data are presented below.

20mg |(50mg | 100 200 mg | 400 mg | 700 mg | 1200
mg mg
Cmax (ng/mL) 26.4 56.7 140 459 869 2020 4220
AUCin (ng*h/mL) | 50.0 156 433 1140 2730 6710 14500
t12 (h) NC NC 3.52 6.04 6.15 7.33 7.69

Multiple Ascending Dose (MAD)
[0501] Thirty-one (31) subjects were randomized to varying doses: 23 subjects received I-1
and 8 subjects received placebo. No subject required study drug interruption, and all subjects

completed drug administration per protocol.

Placebo 50 mg BID | 150 mg 350 mg 600 mg

pooled N (%) BID BID BID

N (%) N (%) N (%) N (%)
Randomized 8 (100) 6 (100) 6 (100) 5 (100) 6 (100)
Safety 8 (100) 6 (100) 6 (100) 5 (100) 6 (100)
population
Completed study | 8 (100) 6 (100) 6 (100) 5 (100) 6 (100)
Early withdrawal | 0 (100) 0 (100) 0 (100) 0 (100) 0 (100)

[0502] Subjects were almost equally distributed between genders (F=15 and M=16), Black
or African Americans constituted 58% of the study population, and 87% were non-hispanics.
Mean age and BMI ranges were 33.2 — 40.3 years and 23.9 — 28.1, respectively. Treatment
compliance to the study drug (BID for 10 days) was 100%.

[0503] A total of 8 subjects had TEAEs; 4 (50%) subjects received placebo and 4 (17.4%)
subjects received I-1. TEAEs seen are presented in the table below. All TEAEs were mild and

deemed not to be related to the study drug.
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Placebo -1 -1 -1 -1 -1
Pooled 50 mg 150 mg 350 mg 600 mg Total
N (%) BID BID BID BID N (%)
N (%) N (%) N (%) N (%)
Influenza 1(125%) |0 0 0 0 0
like illness
Ligament 1(12.5%) 0 0 0 0
sprain
Muscle 1(12.5%) 0 0 0 0
spasms
Headache [ 1 (12.5%) 0 0 0 0
Pruritis 1(16.7%) |0 0 0 1(4.3%)
Nasal 1(16.7%) |0 0 1(4.3%)
congestion
URTI 0 0 0 1(20.0%) |0 1(4.3%)
Rhinitis 0 0 0 1(16.7%) | 1(4.3%)
[0504] PK data are presented below.
Day Dose Mean Cnax Mean AUCq.12 Mean t4;,
(ng/mL) (h*ng/mL) (h)
1 50 mg BID 70.2 148 3.49
150 mg BID 343 809 4.86
350 mg BID 1190 2950 5.67
600 mg BID 2230 6450 4.15
10 50 mg BID 85.9 252 5.25
150 mg BID 320 1170 6.34
350 mg BID 1230 4340 6.83
600 mg BID 1700 7220 4.66

Example 4: Pharmacokinetic Comparison of ADX-102 (Reproxalap) and Compound I-1
in a Rat Model

[0505] List of Abbreviations
A Membrane area
A (subscript) Acceptor concentration
A—B Apical to basolateral
ADME Absorption, distribution, metabolism, and excretion
AMP Adenosine monophosphate
ATP Adenosine triphosphate
AUC Area under the concentration-time curve
AUCo Area under the concentration-time curve from 0 to the final time point
with measurable concentration of compound I-1 or other test compound
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AUCo-24 Area under the concentration-time curve through 24 hours after dosing
AUC, Area under the concentration-time curve extrapolated to infinity
B—A Basolateral to apical

BLQ Below the limit of quantitation
BSEP Bile salt export pump

Co Initial concentration

CAR Constitutive androstane receptor

Cb Concentration blood

CL Plasma clearance

CLint Intrinsic clearance

CL, Plasma clearance

cm centimeter

Crmax Maximum observed concentration
Cp Concentration plasma

cvV Coefficient of variation

CYP Cytochrome P450

DMEM Dulbecco’s Modified Eagle Medium
DMSO Dimethylsulfoxide

DQC Diluted quality control

DQCL Low diluted quality control

DQCH High diluted quality control

£ (subscript)

Equilibrium concentration

ECso

Concentration of at which 50% of the maximum effect is achieved

EDTA Ethylenediaminetetraacetic acid,

Emax Maximum effect

F Bioavailability

fu Unbound fraction

GLP Good Laboratory Practice

H Hematocrit

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) is a zwitterionic
sulfonic acid buffering agent

hERG Human Ether-a-go-go

HLM Human liver microsomes

HPLC High-performance liquid chromatography

HLC-AO Human Liver Cytosol — Aldehyde Oxidase

ICso Half-maximal inhibitory concentration
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IS Internal standard

v Intravenous

k slope

kg Kilogram

KrperL Partition coefficient, red blood cell to plasma

K>EDTA Dipotassium ethylenediamine triacetic acid

K:EDTA Tripotassium ethylenediamine triacetic acid

LC-MS/MS Liquid chromatography-tandem mass spectrometry

LLOQ Lower limit of quantitation

MDCK-MDRI | Madine-Darby canine kidney cells over-expressing the human multidrug
resistance protein one gene for P-glycoprotein

mL Milliliter

mg Milligram

uM Micromolar

N Number

NA Not applicable

NADPH Nicotinamide adenine dinucleotide phosphate

NC Not calculated

ND No data; Not determined

ng nanogram

PAMPA Parallel artificial membrane permeability assay

Papp Apparent permeability coefficient

PBS Phosphate buffered saline

PCR Polymerase chain reaction

P. Effective permeability coefficient

P-gp P-glycoprotein

PK Pharmacokinetics

PO Per os; oral

PXR Pregnane X receptor

QC Quality Control

r? Coefficient of correlation

R3 Risk score for induction-mediated drug-drug-interactions

Re Efflux ratio

RE Relative error

RSD Relative standard deviation

RT Room temperature

99



WO 2021/231792 PCT/US2021/032335
S9 Post-mitochondrial supernatant fraction
t time
tin Half-life
TCA Taurocholic acid
TK Toxicokinetics
Tmax Time of maximum observed concentration
UGT Uridine 5'-diphospho-glucuronosyltransferase
uv Ultraviolet
Vb Volume donor compartment
Va Volume acceptor compartment
Vz Volume of distribution as calculated in non-compartmental analysis

[0506] Compound I-1 is the des-chloro analog of ADX-102. Despite their similar structures,

it was surprisingly found that compound I-1 is generally better tolerated than ADX-102 as a
systemic dose, including showing approximately double the AUC (Area Under the
Concentration-Time Curve) when administered to rats. We have therefore investigated
compound I-1 in 90-day toxiciology studies in rat and dog as well as 10-day studies in man.
We compared two data sets to contrast the pharmacokinetics of the two test articles. A 50
mg/kg oral dose PK study of compound I-1 was conducted in Sprague-Dawley rats using
methylcellulose suspension. A pharmacokinetic study of ADX-102 was also conducted in
Sprague Dawley rats at a dose of 10 mg/kg in a methylcellulose suspension that also contained
Tween 80. Both studies also incorporated intravenous administration in captisol for the

calculation of clearance and steady state volume of distribution.

Table E: Comparison of PK Parameters from I-1 and ADX-102 Pharmacokinetic Studies
in Sprague-Dawley Rats

Study Compound Species Form Dose (mg/kg) | t1/2 | Vss*
Compound I-1 SD Rat 0.5% MC 50 296 | 3130
ADX-102 SD Rat CMC/Tween 10 227 | 1360
Study CL* Tmax Cmax | AUC0-t | AUC 0-t/Dose | AUC 0-inf | AUC 0-inf/Dose
Compound
Compound 65.8 0.320 4994 7299 146 7669 153
I-1
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Study CL* Tmax Cmax | AUC0-t | AUC 0-t/Dose | AUC 0-inf | AUC 0-inf/Dose
Compound
ADX-102 23%* 0.5 390 595 60 640 64

*Intravenous data using captisol formulation used for CL and Vss.

**timepoints beyond 8 are truncated due to BLQ.

[0507] Methods of Analysis

[0508] Both studies were dosed by oral gavage. Bioanalysis was conducted using LC-
MS/MS. Further details of the experimental approach can be found in the individual reports.

[0509] Pharmacokinetic Profiles

[0510] The pharmacokinetic profile contrasting the two compounds is shown in FIG. 6. In
FIG. 7, the dose-normalized profiles are shown, with the 10 mg/kg data from the ADX-102

dose multiplied five-fold for comparison purposes.
[0511] Conclusions

[0512] The key finding relates to the dose-normalized AUC results. After normalizing for
dose, compound I-1 exhibited nearly double the AUC of ADX-102 despite the use of an
emulsifying agent in the ADX-102 formulation.

Example 5: Dosage Forms of Compound I-1

[0513] The drug product for compound I-1 is manufactured as non-sterile spray dried,
granulated powder blend, filled in a capsule for oral delivery. The drug product is supplied in
10 mg and 100 mg unit dose capsule strengths; 600 mg Powder-In-Bottle; and 250 mg and 300

mg unit dose tablet strengths.

Table F: Quantitative Composition of 10 mg Capsule

Component Quantity
Yow/w mg/unit
Compound I-1 31.5% 10
Eudragit L100 58.5% 18.57
Pearlitol 200 SD (Mannitol) 2.0% 0.64
Kollidon® VA 64 Fine 7.0% 2.22
Acerosil 200 Pharma (Fumed silica) 0.5% 0.16
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Component Quantity

Yo wWiw mg/unit

Magnesium Stearate, Vegetable Grade-Non 0.5% 0.16
Bovine (Mg Stearate)

Total 160.0 31.75
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Table G: Quantitative Composition of 100 mg I-1 Capsule

Component Quantity
Yowiw mg/unit
Compound I-1 31.5% 100
Eudragit L100 58.5% 185.7
Pearlitol 200 SD (Mannitol) 2.0% 6.4
Kollidon® VA 64 Fine 7.0% 22.2
Aerosil 200 Pharma (Fumed Silica) 0.5% 1.6
Magnesium Stearate, Vegetable Grade-Non 0.5% 1.6
Bovine (Mg Stearate)
Total 100.0 317.46

Table H: Quantitative Composition of 600 mg I-1 Active Drug Product (Powder-in-

Bottle)
Component Quantity
Yow/w mg/unit
Compound I-1 31.5% 600
Eudragit L100 58.5% 1114.2
Pearlitol 200 SD (Mannitol) 2.6% 384
Kollidon® VA 64 Fine 7.0% 132.2
Aerosil 200 Pharma (Fumed silica) 0.5% 9.6
Magnesium Stearate, Vegetable Grade-Non 0.5% 9.6
Bovine (Mg Stearate)
Total 160.0 1905

Table I: Quantitative Composition of I-1 Active Drug Product — 300mg Tablet

Component Quantity
Yow/w mg/unit
Compound I-1 30% 300
Eudragit L100 55% 557.14
Pearlitol 200 SD (Mannitol) 2% 20.3
Kollidon® VA 64 Fine 7% 71.0
Aerosil 200 Pharma (Fumed silica) 1% 5.1
Magnesium Stearate, Vegetable Grade-Non 1% 10.1
Bovine (Mg Stearate)
Ac-Di-Sol® SD-711 Croscarmellose Sodium 5% 50.4
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Component Quantity
Yowiw mg/unit
Total 160.0 1014.04

Table J: Quantitative Composition of I-1 Active Drug Product — 250mg Tablet

Component Quantity
Yowliw mg/unit
Compound I-1 35% 250
Eudragit L100 535% 464.3
Pearlitol 200 SD (Mannitol) 2% 16.9
Kollidon® VA 64 Fine 7% 59.2
Acerosil 200 Pharma (Fumed silica) 1% 4.2
Magnesium Stearate, Vegetable Grade-Non 1% 8.4
Bovine (Mg Stearate)
Ac-Di-Sol® SD-711 Croscarmellose Sodium 5% 42
Total 160.9 845.0
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CLAIMS
We claim:
1. A pharmaceutical composition comprising:
a) a spray dried solid dispersion comprising a methacrylic acid-methyl

methacrylate copolymer and compound I-1:

N NH,

| N/ OH

or a pharmaceutically acceptable salt thereof;

b) one or more fillers;
c) one or more binders;
d) one or more disintegrants;
e) one or more glidants;
) one or more lubricants;
g) optionally, one or more surfactants; and
h) optionally, one or more effervescent components.
2. The pharmaceutical composition of claim 1, wherein the one or more fillers comprise

a combination of lactose, microcrystalline cellulose, and mannitol.

3. The pharmaceutical composition of claim 1 or 2, wherein the one or more binders
comprise Kollidon VA64,
4. The pharmaceutical composition of any one of claims 1-3, wherein the one or more

disintegrants are croscarmellose sodium, crospovidone, or a mixture thereof.
5. The pharmaceutical composition of any one of claims 1-4, wherein the one or more
glidants are selected from colloidal silicon dioxide, CAB-O-SIL™, fumed silica (Aerosil), and

asbestos-free talc.

6. The pharmaceutical composition of any one of claims 1-5, wherein the one or more

lubricants comprise magnesium stearate.
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7. A pharmaceutical composition comprising:
a) compound I-1:
N NH,
| NP OH
or a pharmaceutically acceptable salt thereof;
b) one or more fillers comprising at least one of microcrystalline cellulose,

mannitol, and lactose monohydrate;

c) one or more binders comprising Kollidon VA64;
d) one or more disintegrants comprising at least one of croscarmellose sodium and
crospovidone;
e) one or more glidants comprising fumed silica;
) one or more lubricants comprising magnesium stearate;
g) optionally, one or more surfactants comprising lauryl sulfate; and
h) optionally, one or more effervescent components.
8. The pharmaceutical composition of claim 7, wherein compound I-1 or a

pharmaceutically acceptable salt thereof is present in the pharmaceutical composition as a

spray-dried solid comprising Eudragit L100.

9. The pharmaceutical composition of any one of claims 1-8, wherein the
pharmaceutical composition comprises about 15% to about 60% w/w of compound I-1 or a

pharmaceutically acceptable salt thereof.

10. The pharmaceutical composition of any one of claims 1-9, wherein compound I-1 or
a pharmaceutically acceptable salt thereof is provided as a spray-dried solid mixed with
Eudragit L100; and about 0.9 mg to about 3.6 mg of Eudragit L100 is mixed with each 1 mg

of I-1 or pharmaceutically acceptable salt thereof.

11. The pharmaceutical composition of any one of claims 1-10, wherein the

pharmaceutical composition comprises about 1% to 20% w/w of the filler.

12. The pharmaceutical composition of claim 11, wherein the pharmaceutical

composition comprises about 1% to 20% w/w of the disintegrant.
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13. The pharmaceutical composition of claim 12, wherein the pharmaceutical

composition comprises about 2% to about 18% w/w of the binder.

14. The pharmaceutical composition of claim 13, wherein the pharmaceutical

composition comprises about 0.05% to about 2.0% w/w of the lubricant.

15. The pharmaceutical composition of claim 14, wherein the pharmaceutical

composition comprises about 0.05% to 2.0% w/w of the glidant.

16. The pharmaceutical composition of claim 15, wherein the pharmaceutical

composition comprises about 0.05% to 2.0% w/w of the surfactant.

17. The pharmaceutical composition of claim 16, wherein the pharmaceutical

composition comprises about 0.05% to 2.0% w/w of the effervescent component.

18. A unit dosage form comprising a pharmaceutical composition of any one of claims 1-
17.
19. The unit dosage form of claim 18, wherein the unit dosage form is in the form of a

capsule or tablet.

20. The the unit dosage form of claim 19, wherein the capsule or tablet comprises about

5 mg to about 500 mg I-1, or a pharmaceutically acceptable salt thereof.
21. The unit dosage form of claim 19, wherein, upon oral administration to a human

subject in a daily dose of 20 mg, 50 mg, 100 mg, 200 mg, 400 mg, 700 mg, or 1200 mg,

provides a pharmacokinetic result shown below:
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20 mg 50 mg 100 mg | 200 mg | 400 mg | 700 mg | 1200 mg
Cmax (ng/mL) about about about about about about about
26.4 56.7 140 459 869 2020 4220
AUC;pr (ng*h/mL) about about about about about about about
50.0 156 433 1140 2730 6710 14500
ti2 (h) about about about about about
3.52 6.04 6.15 7.33 7.69
22. The unit dosage form of any one of claims 18-21, wherein, upon oral administration

to a human subject in a dose of about 50 mg BID, about 150 mg BID, about 350 mg BID, or

about 600 mg BID, provides a pharmacokinetic result shown below:

Day Dose Mean Cpax (ng/mL) | Mean AUCy.12 Mean ty (h)
(h*ng/mL)

1 about 50 mg BID | about 70.2 about 148 about 3.49
about 150 mg BID | about 343 about 809 about 4.86
about 350 mg BID | about 1190 about 2950 about 5.67
about 600 mg BID | about 2230 about 6450 about 4.15

10 about 50 mg BID | about 85.9 about 252 about 5.25
about 150 mg BID | about 320 about 1170 about 6.34
about 350 mg BID | about 1230 about 4340 about 6.83
about 600 mg BID | about 1700 about 7220 about 4.66

23, The unit dosage form of claim 19, wherein, upon oral administration to a human

subject, the ti2 in the human subject is from about 3 to about 8 hours.

24, The unit dosage form of claim 19, wherein, upon oral administration to a human
subject, the unit dosage form provides an oral bioavailability of at least 70% of the administered

dose of I-1 or a pharmaceutically acceptable salt thereof.

25. A method of reducing levels of one or more toxic aldehydes in a subject, comprising
administering to the subject a pharmaceutical composition of any one of claims 1-17 or a unit

dosage form of any one of claims 18-24.
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26. The method of claim 25, wherein the toxic aldehyde is selected from formaldehyde,
acetaldehyde, acrolein, glyoxal, methylglyoxal, hexadecanal, octadecanal, hexadecenal,
succinic semi-aldehyde, malondialdehyde, 4-hydroxynonenal, 4-hydroxy-2E-hexenal, 4-
hydroxy-2E,6Z-dodecadienal, retinaldehyde, leukotriene B4 aldehyde, and octadecenal.

27. The pharmaceutical composition of any one of claims 1-17 or unit dosage form of

any one of claims 18-24, wherein compound I-1 is a solid form of Compound 5:

NH»
= * HCI
N/
OH
5
wherein the form is of Form A or Form B.
28. The pharmaceutical composition or unit dosage form of claim 27, wherein Compound

5 has one or more peaks in its XRPD selected from those at about 13.9, about 15.8 and about
24.3 degrees 2-theta, or has at least two peaks in its XRPD selected from those at about 13.9,
about 15.8 and about 24.3 degrees 2-theta.

29. The pharmaceutical composition or unit dosage form of claim 27, wherein Compound
5 has one or more peaks in its XRPD selected from those at about 10.2, about 17.0 and about
28.8 degrees 2-theta, or has at least two peaks in its XRPD selected from those at about 10.2,
about 17.0 and about 28.8 degrees 2-theta.

30. The pharmaceutical composition of any one of claims 1-17 or unit dosage form of

any one of claims 18-24, wherein compound I-1 is a solid form of Compound A:

| N NH,
H
N
A
of Form A.
31. The pharmaceutical composition or unit dosage form of claim 30, wherein Compound

A has two or more peaks in its XRPD selected from from those at about 10.4, about 17.5, and
about 20.9 degrees 2-theta.
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32.

33.

A pharmaceutical composition comprising:
(a) Compound I-1:
| N NH,

N/ OH

I-1

or a pharmaceutically acceptable salt thereof, as about 15% to about 60% by weight of
the composition;

(b) a Eudragit polymer as about 27.5% to about 80% by weight of the composition;

(c) a filler comprising one or more of mannitol, lactose, and microcrystalline cellulose
as about 1.0% to about 6.0% by weight of the composition;

(d) a binder comprising a Kollidon® binder as about 3.5% to about 14% by weight of
the composition;

(e) a glidant comprising a silica glidant as about 0.25% to about 2% by weight of the
composition;

(f) a lubricant comprising magnesium stearate as about 0.25% to about 2.0% by weight
of the composition; and

(g) optionally, croscarmellose sodium as 0% to about 8.0% by weight of the

composition,

A pharmaceutical composition comprising:
(a) Compound I-1:
N NH,
| N/ OH
I-1
or a pharmaceutically acceptable salt thereof, as about 25% to about 40% by weight of
the composition;

(b) a Eudragit polymer as about 40% to about 68% by weight of the composition;

(c) a filler comprising one or more of mannitol, lactose, and microcrystalline cellulose
as about 1.0% to about 4.0% by weight of the composition;

(d) a binder comprising a Kollidon® binder as about 4.0% to about 10% by weight of

the composition;
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(e) a glidant comprising a silica glidant as about 0.25% to about 2.0% by weight of the
composition;

(D) a lubricant comprising magnesium stearate as about 0.25% to about 2% by weight
of the composition; and

(g) optionally, croscarmellose sodium as 0% to about 8.0% by weight of the

composition,

34. A unit dosage form comprising a pharmaceutical composition comprising all or

substantially all components as described in any one of Tables F, G, H, [, and J.

35. The pharmaceutical composition of claim 32 or 33, wherein the unit dosage form is a

tablet or capsule.

36. The pharmaceutical composition of claim 32 or 33, wherein the unit dosage form is a

powder-in-bottle form.
37. The pharmaceutical composition of any one of claims 32-36, wherein the composition

comprises about 10 mg, about 100 mg, about 250 mg, about 300 mg, or about 600 mg of

compound I-1.
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