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The present invention provides ophthalmic pharmaceutical compositions of the compound of
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OPHTHAILMIC PHARMACEUTICAL COMPOSITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 62/944,374,
filed December §, 2019, and to U8, Provisional Application No. 63/077 196, filed September
11, 2020, The disclosure of each of these applications is incorporated by reference in its entirety

herein.

TECHNICAL FIELD
[0002] The present disclosure is directed to ophthalmic pharmaceutical compositiens.

BACKGROUND

[0003] The compound N2-methyl-N*-phenyl-6-(2,2,3,3-tetrafluoropropoxy )-1,3,5-
triazine-2,4-diamine (the compound of Formula I} is an activator of the cystic fibrosis
transmembrane conductance reguiator {(CFTR) and has been described in, for exarple,
WO2017112951. See afso, S Lee, etal,, J Med Chem. 2017, 60, 3, 1216-1218, describing the
ocular administration of the compound of Formula I to increase tear volume in mice.
WOZ0T7112951 also describes administration of CFTR activators as useful in the treatment of

dry eye disorders.

HN”
e il ’Q

[0004] ‘Thereis a need for the development suitable formulations of drugs that activate
the cystic fibrosis transmembrane conductance regulator for non-systemic treatment of ocular
diseases or disorders, including dry eye disorder. Most particulady, a need exists for storage-
stable ophthalmic pharmaceutical compositions of the compound of Formula [ and its acid

addition salts that are suitable for ocular administration.

SUMMARY
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[0005] The present invention provides storage-siable ophthalmic pharmaceutical
compositions of the compound of Foraynda T and pharmaceutically acceptable acid addition salts
thereof

[0006] In some aspects, the invention provides ophthalmic pharmaceutical
compositions comprising

{a} a compound of Formula 1

HNT
F N)‘\\‘N =
F”E?C“"’““N"*ﬁj@ .,

or a pharmaceutically acceptable acid addition salt thereof, in a concentration in said

composition effective to treat an ocular disease or condition,

{b} water,

{c} a solubilizer,

(d} a co-snlvent, and

{¢) an antioxidant system.

[0007] In other aspects, the invention provides aqueocus ophthalmic compositions
comprising a compound of Formula L

HNT

F N’J%N /@
- /5\7(\6,)\!\ N«:J\ ; S

FE - 0
and not more than 0.5%, preferably not more than 0.2%, (by HPLC} of the compound of
Formula I,

N,

F N’L\\N /@

F/I?C@/Jk N//’\}?\j =

an
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relative 1o the amount of the compound of Formula { after storage in a closed container

for at least & months, for at least 12 months, for at least 18 months, for at least 24 months,

or prior 1o a commercially acceptable expiration date for the composition.

[0008] In other aspects, the invention provides aqueous ophthalmic compositions
comprising a compound of Formula ©

HN"T
" a\i"gm j,ff”j
F/IX/\C’/J\N/)\N S
FOF H (0

and an antioxidant system, wherein the amount of the compound of Formula H,

NH,
A N
F%i\oir\f"iﬁ

than 200% as measured by HPLC, upon storage of said composition in a closed container

(Il present in said composition does not increase by more
for at least 6 momhs, for at least 12 mon,ths, for at least 18 m Umhs, for at least 24 months,

[0009] In yet other aspecis, the invention provides aqueous ophthalmic compositions
comprising a compound of Formula L
HN*’
F /\j
F' 7<F aeg N‘ /L
i b

and an antioxidant system, wherein said antioxidant system is present in an amount

sutficient to maintain the amount of the compound of Formula 11,

NH,
N/g«‘N ff
oAby g

{II} present in said composition at or below 0.5%,

F
o~

preferably at or below 0.2%, {(by HPLC) relative to the amouunt of the compound of

Formula I, upon storage of said composition in a closed container for at least & months,
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for at least 12 months, for at least 18 months, for at least 24 months, or priorto a

commercially accepiable expiration date for the composition.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0010] The present invention may be understood by reference 1o the following detailed
description which forms a part of this disclosure. The invention is not limited to the specific
methods, conditions or parameters described and/or shown herein, and the terminology used
herein is for the purpose of describing particular embodiments by way of example only and is not
intended 1o be lmiting of the claimed invention,

[0011] Scientific and technical terrus used 1n connection with the preseunt application
shall have the meanings that are commonly understood by those of ordinary skill in the art,
unless otherwise defined herein.

[0012] The compound of Formula I is a highly lipophilic compound having poor
agueous sclubility (<0.01 mg/mU in water).

[0013] In developing the compound of Formula I for ocular administration, an
unexpected degradation impurity, N2-phenyl-6-(2,2,3 3-tetrafluoropropoxy)-1,3, 5-triazine-2,4-
diamine {the compound of Formula 11}, is produced:

NH,

N’\N 4?

/\\\\v
F/g\c {10,

[0014] Surprisingly, the compound of Formula H is not formed during forced
degradation studies of the compound of Formula I Instead, the compound of Formula I forms
during storage. The formation of the compound of Formula I is stowed and/or eliminated by
inclusion of an “antioxidant system,” as described herein, in the novel ophthalmic solution
compositions described herein.

[0015] In some aspects, the invention provides ophthalmic pharmaceutical

compositions comprising a compound of Formula |
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or a pharmaceutically acceptable acid addition salt thereof. In some ernbodiments, the
ophthalmic pharmaceutical composition comprises a compound of Formula L In other
embodiments, the ophthalmic pharmaceutical composition comprises a pharmaceutically
acceptable acid addition sait of a compound of Formula L

[0016] A used herein, a pharmaceutically acceptable acid addition salt of a compound
of Formula I refers to an acid addition salt of a compound of Formula I Pharmaceutically
accepiable acid addition salts are known by those of skill in the art. Examples of such salts of
the Formula [ compounds are described in WO2017112951.

[0017] In some aspects, the compound of Formula §, or a2 pharmaceutically acceptable
acid addition salt thereof, is present in a concentration in satd composition effective 10 treat an
ocular disease or condition. Asused herein, the term “ocular disease or condition” refers to any
disease or condition of the eye.

[0018] 'The compositions of the invention comprise the compound of Formula {ina
concentration effective for treating the ocular disease or condition. The concentration of the
compound of Formula I that is effective in this regard will vary depending on the subject’s
charactenstics and condition, as well as the ocular disease or condition.

[0019] In some embodiments, the ocular disease or condition 1s dry eye disorder. “Dry
eve disorder” {or “dry eve”} refers to a heterogeneous group of disorders with common features
of reduced tear volume and tear fluid byperosmolarity, which lead to inflammation at the ocular
surtace. Symptoms of dry eve include eye discomfort and visual disturbance. Eye discomfort
can include a stinging, burning or scratchy sensation in your eves; stringy mucus in or around
your eves; and eve redness. Visual disturbance can include sensitivity to light; difficulty wearing
contact lenses; and difficulty with nighttime driving. Signs of dry eye include damage to the
corneal epithelial celis. In some embodiments, the dry eye disorder is Sjogren's syadrome.

[0020] Insome embodiments, the ocular disease or condition 1s allergic conjunctivitis,

q
(4]
EH
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[0021] In some embodiments, the concentration of the compound of Formula |, or a
pharmaceutically acceptable acid addition salt thereot, in the compositions of the tnvention 18
from about 0.5 Yo (w/v) to about 8.005% (w/v), on a compound of Formula [ basis.

[0022] In other emnbodiments, the concentration of the compound of Formula I, ora
pharmaceutically acceptable acid addition sali thereof, in the compostiions of the invention is
from about .2 Y (w/v) to about 0.01% (w/v), on a compound of Formula [ basis,

[00623] In other embodiments, the concentration of the compound of Formula |, ora
pharmaceutically acceptable acid addition salt thereof, in the compositions of the invention is
from about 0.1 56 {(w/v) to about 0.005%% (w/v)

[0024] In some embodiments, the concentration of the compound of Formula |, or a
pharmaceutically acceptable acid addition salt thereof, in the compositions of the invention is
about 0.034% (w/v), on a compound of Formuia I basis.

[0025] In other embodiments, the concentration of the compound of Formula I, ora
pharmaceutically acceptable acid addition salt thereof, in the compositions of the invention is
0.034% (w/v), cnn a compound of Formula I basis.

[0026] In some embodiments, the concentration of the compound of Formula [, or a
pharmaceutically acceptable acid addition salt thereof, in the compositions of the invention is
about 0.01% (w/v), on a compound of Formula I basis.

[0027] In other embodiments, the concentration of the compound of Formula l, ora
pharmaceutically acceptable acid addition salt thereof, in the compositions of the invention is
0.01% {w/v), on a compound of Formula [ basis.

[0028] In some aspects, the ophthalmic pharmaceutical compositions of the invention
comprise water. In some embodiments the water is sterile water.

[0029] In some aspects, the ophthalmic pharmaceutical compositions of the invention
comprise a solubilizer. A solubilizer is an excipient that aids the dissolution of the compound of
Formula L

[0030] In some embodiments, the solubilizer is a surfactant.

[0031] In some embodiments, the solubilizer is an anionic surfactant.

10032} In other embodiments, the solubilizer 15 a cationic surtactant.

[0033] In still other embodiments, the solubilirer is a nontonic surfactant.

-6 -
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[0034] In some embodiments, the solubilizer is a polvoxyethylene fatty ester, a
polvoxyethylene hydrogenated castor oil, a polyoxyethylene polyoxypropylene glveol, a
polvoxyl stearate, a polyoxyl hydroxystearate, a poloxamer, or a povidone,

[0035] In some embodiments, the solubtlizer is poly{oxyethylene)sorbitan monooleate,
poly(oxvethylenejsorbitan monostearate, poly(oxyethylenejsorbitan monopalmitate,
poly{oxyethylene)sorbitan monolaurate, poly{oxyethylenelsorbitan trioleate, or
poly(oxyethylene)sorbitan tristearate.

[0036] In some embodiments, the solubtlizer is polyoxyethylene hydrogenated castor
oil 10, polyoxyethylene hydrogenated castor ol 35 (e, polyoxyl 35 castor ail), polyoxyethylene
hydrogenated castor oil 40, polyoxyethylene hydrogenated castor otl 50 or polyvoxyethylene
hydrogenated castor oil 60,

[0037] Insome embodiments, the solubilizer is polyoxyethylene (160)
polyoxypropylene (30) glycol, polyoxyethylene (42 polyvoxypropvlene (67 glycol,
polyoxyethylene (54} polvoxypropylene (39) glyeol, polyoxvethylene (196) polyoxypropylene
{67) glycol, or polyoxyethylene (20} polyoxypropylene (20} glycol.

[0038] Insome embodiments, the solubilizer is polyoxyl 40 stearate, polyoxyl 15
hydroxystearate, povidone K30, povidone K90, poloxamer 407, or poloxamer 188,

[0039] In some embodiments, the solubilizer is polyoxyl 40 stearate.

[0040] in other embodiments, the solubilizer is polyoxyl 335 castor oil.

[0041] Insome embodiments, the amount of solubilizer in the ophthalmic
pharmaceutical compositions of the invention ranges from about 1% {w/v) o about 15% (w/v).

[0042] In other embodiments, the amount of solubilizer in the ophthalmic
pharmaceutical compositions of the invention ranges from aboui 4% {w/v} to about 8% (wiv}.

[0043] In some aspects, the ophthalmic pharmaceutical compositions comprise
polvoxyl 40 stearate. In some emabodiments, the ophthalmic pharmacentical compositions
comprise about 3% (w/v) of polyoxyl 40 stearate. In some embodiments, the ophthalmic
pharmaceutical compositions comprise 5% {w/v) of polyvoxyl 40 stearate

[0044] In some embodiments, the ophthalmic pharmaceutical compositions comprise
about 7% {(w/v) of polyoxyl 40 stearate. ln some embodiments, the ophthaimic pharmaceutical

compositions comprise 7% (w/v) of polyoxyi 40 stearate.
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[0045] In some aspects, the ophthalmic pharmaceutical compositions comprise
polyoxyl 35 castor ol In some embodiments, the ophthalmic pharmaceuntical compositions
comprise about 5% {w/v) of polyoxyl 35 castor oil. In some embodiments, the ophthalmic
pharmaccutical compositions comprise 5% {w/v) of polvoxyl 35 castor ail.

[0046] In some embodiments, the ophthalmic pharmaceutical compositions comprise
about 7% (w/v) of polyoxyl 35 castor oil. In some embodiments, the ophthalmic pharmaceutical
compositions comprise 7% (w/v) of polyoxyl 35 castor oil.

[0047] In some aspects, the ophthalnic pharmaceutical compositions of the invention
comprise a co-solvent. A co-solvent is a solvent, other than water, that is suitable for use in an
ophthalmic compaosition.

[0048] Insome embodiments the co-solvent is a water soluble organic solvent.

[0049] In other embodiments, the co-solvent is a water miscible organic solvent.

[0050] In other embodiments, the co-solvent s a polyethylene glycol, propylene glycol,
glycerin, ethanol, benzy! alcchol, or mixtures thereof.

[0051] In some embodiments, the co-solvent is PEG-300, PEG-400, PEG-4000, PEG-
OO0, or mixtures thereof.

[0052] In some embodiments, the co-solvent is PEG-400.

[0053] In other embodiments, the co-solvent is propyiene glycol.

[0054] in some embodiments, the co-solvent is a mixture of PEG-400 and propylene
glycol.

[0055] In some embodiments, the amount of co-solvent in the ophthalmic
pharmaceutical compositions of the invention ranges from about 0.5% (w/v) to about 10% {(w/v).

[0056] In some embodiments, the amount of co-solvent in the ophthalmic
pharmaceutical composttions of the invention ranges from about 1% (w/v) 1o about 3% {w/v).

[0057] In some aspects, the ophthalmic pharmaceutical composition of the invention
comprise PEG, for example, PEG-400. In some embodiments, the ophthalmic pharmaceutical
compostitions of the tnvention comprise about 1% {(w/ivy PEG-400. In other embodiments, the
ophthaimic pharmaceutical compositions of the invention comprise 1% (w/v) PEG-400.

[0058] In some aspects, the ophthalmic pharmaceutical composition of the invention

comprise propylene glycol. in some embodiments, the ophthalmic pharmaceutical compositions
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of the invention comprise about 1% (w/v) propvlene glycol. In other embodiments, the
ophthalmic pharmaceutical compositions of the invention comprise 1% (w/v) propylene glycol,

[0059] In some embodiments, the ophthalmic pharmaceutical compositions of the
invention comprise about 1% {w/v} PEG-400 and about 19 (w/v) propyiene glyeol. In other
embodiments, the ophthalmic pharmaceutical compositions of the invention comprise [% (w/v)
PEG-400 and 1% (w/v) propylene glycol.

[0060] In some aspects, the ophthalmic pharmaceutical compositions of the inveniion
comprise an “antioxidant system.” An antioxidant system is an excipient or combination of
excipients that reduces and/or eliminates the formation of degradation products of compounds of
Formula | in the ophthalmic compositions of the invention, upon storage. While not wishing to
be bound to any particular mechanistic theory, the antioxidant systems of the imnvention reduce
and/or eliminate the formation of oxidative degradation products of the compound of Formula I
in the ophthalmic compositions of the invention. N-demethylation is an example of an oxidative
degradation process.

[0061] In some embodiments, the antioxidant system comprises sodium bisulfite,
sodium metabisulfite, sodium thiosalfate or hydrates thereof, sodium sulfite, sodium sulfate,
ascorbyl palmitate, ethylenediaminetetraacetic acid (EDTA)Y or salts thereof, or citric acid or salts
thereof, ascorbic acid or salts thereof, or combinations of these compounds.

[0062] In some embodiments, the antioxidant system comprises disodium EDTA ora
hydrate thereof, such as, for example, disodium EDTA dihydrate.

[0063] In other embodiments, the antioxidant system comprises sodium thiosulfate
pentahydrate.

[0064] In other emnbodiments, the antioxidant system comprises ascorbyl palmitate.

[0065] In some embodiments, the antioxidant system comprises a combination of
disodium EDTA or a hydrate thereof and sodium thiosulfaie pentahvdrate.

[0066] In other embodiments, the antioxidant system comprises a combination of
disodium EDTA or a hydrate thereof and ascorbyl! palmitate.

[0067] In some embodiments, the amount of antioxidant system in the ophthalmic
pharmaceutical compositions of the invention ranges from about 0.01%% (w/v) to about 0.6%

{w/v}
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[0068] In some embodiments, the amount of antioxidant system in the ophthalmic
pharmaceutical compositions of the invention ranges from about 0.05% (w/v) to about 0.5%
{wW/iv},

[0069] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the tnvention comprises about 0.01% (w/v} to about §.40% (w/v) disodium
EDTA or a hydrate thercof.

[0670] Insome embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.05% (w/v} to about 0.20% {w/v} disodium
LEDTA or a hydrate thereof.

[0071] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.10% (w/v) disodium EDTA or a hydrate
thereot

[0072] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises 0.10% {(w/v) disodium EDTA or a hydrate thereof.

[0073] Insome embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.01% (w/v}) to about 4.40% (w/v) sodium
thiosulfate pentahvdrate.

[0674] Insome embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the tnvention comprises about 8.05% (w/v} 1o about 0.25% (w/v) sodium
thiosulfate pentahydrate.

[0075] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.20% (w/v) sodium thicsulfate pentahydrate.

[0076] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises 0.20% {(w/v) sodium thiosulfate pentahvdrate.

[0077] In some embodiments, the antioxidant syster in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.01% {w/v} to about 0.10% (w/v) ascorbyl
palmitate.

[0078] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compostitions of the invention comprises about 0.01% {w/v) to about 0.04% (w/v) ascorbyl

palmitate.

- 10 -
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[0079] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
composttions of the invention comprises about 0.02% (w/v} ascorby! palmitate.

[0080] In some embodiments, the antioxidant systers in the ophthalmic pharmaceutical
compositions of the invention comprises 0.02% (w/v} ascorbyl palmitate.

[0081] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
composttions of the invention comprises about 0.01% (w/v} to about $.40% (w/v) disodium
EDTA or g hvdrate thercof, and about 0.01% {w/v} to about 0.40% (w/v) sodium thiosulfate
pentahydrate.

[0082] In some embodiments, the antioxidant system in the ophthalimic pharmaceutical
compositions of the invention comprises about 0.05% (w/v} to about 0.20% (w/v) disodium
EDTA or a hydrate thereof, and about 0.05% (w/v} to about 0.25% (w/v) sodium thiosulfate
pentahydrate.

[0083] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.10% (w/v} disodium EDTA or a hydrate
thereof, and about 0.20% {w/v) sodium thiosulfate pentahydrate.

[0084] In some embodiments, the antioxidant systern in the ophthalmic pharmaceutical
compositions of the invention comprises 0. 10% (w/v}) disodium EDTA or a hydrate thereof and
0.20% (w/vy sodium thiosulfate pentahydrate.

[0085] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises about 0.01% (w/v} to about 0.40% {w/v) disodium
EDTA or a hydrate thereof, and about 0.01% (w/v} to about 0.10% (w/v) ascorbyl palmitate.

[0086] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the tnvention comprises about 0.05% (w/v} to about 8.20% (w/v) disodium
EDTA or a hydrate thereof, and about 0.01% (w/v) to about 6.04% (w/v) ascorbyl palmitate.

[0087] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compaositions of the invention comprises about 0.10% (w/v} disodium FIDTA or a hydrate
thercot, and about 0.02% (w/v) ascorbyi palmitate.

[0088] In some embodiments, the antioxidant system in the ophthalmic pharmaceutical
compositions of the invention comprises 0.10% (w/v) disodium EDTA or a hydrate thereof and

0.02% (w/v} ascorbyl palmitate.

-1 -
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[0089] In some aspects, the ophthalmic pharmaceutical compositions of the invention
further coruprise a tonicity agent. A tounicity ageni is an excipient that adjusts the osmolality of
the ophthalmic composition.

[0090] In some embodiments, the tonicity agent 1s sodium chlornide, potassium chloride,
dextrose, mannitol, or glycerin.

[0091] In some embodiments, the tomcity agent is sodium chioride.

[0092] The amount of the tonicity agent in the ophthalmic compositions of the
invention will be an amount sufficient to adjust the osmolality of the composition to an
osmolality 1o the range of from about 200 mOsm/kg to about 600 mOsm/kg. Osmolality is
measured in accordance with United States Pharmacopeia (1I5P) <785>.

[0093] Insome embodiments the amount of the tonicity agent in the ophthalmic
compositions of the invention will be an amount sufficient to make the osmolality of the
composition fall within the range of from about 250 mOsm/kg to about 350 mOsmvkg.

[0094] in other embodiments, the amount of the tonicity agent in the ophthalmic
compositions of the invention will be an amount sufticient t¢ adjust the osmolality of the
composition from about 280 raOsm/kyg to about 320 mOsm/kyg.

[0095] In some embodiments, the amount of the tonicity agent present in the
ophthalmic compositions of the invention is an amount of from about 0.01% (w/v) to about 0.5%
{WivY.

[0096] In some aspects, the ophthalmic pharmaceutical compositions of the invention
further comprise a viscosity ageni. A viscosity agent is an excipient that increases the viscosity
of the composition.

[0097] In some embodiments, the viscosity agent is hydroxyethvicellulose (HEC),
hydroxypropyl methylcellulose (HPMUC) (5 cps, 4000 ¢ps, 15000 cps); hypromeliose,
methyleellulose, carboxymethyl cellulose (CMC) sodium (1e., sodiuma CMC; e.g., Cekol 130),
polvvinyl aleohal (PVA), polyvinyl pyrrolidione (PVYF, or povidone), povidone K30, povidone
K90, carbomer 940, carbomer 974P_ carbomer 920, povidone K30, povidone K90, gellan gum,
or xanthan gum,

[0098] in some embodiments, the viscosity agent is carboxymethyl cellulose (CMC)

sodium.
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[0099] In some embodiments, the amount of the viscosity agent is present in the
ophthalmic compositions of the invention in an amount sufficient to adjust the viscosity of the
composition from about 2 ¢P to about 60 ¢P. Viscosity s measured using a rotational
rheometer/viscometer (.2, a Brookfield viscometer, Model: LVDV-E with spindle and
enhanced UL adapter assembly with water jacket}; sample teraperature s maintained at 25.0 &
0.1°C durning measurement,

[00100] In other emboduments, the viscosity agent is present i the ophthalmic
compositions of the invention in an amount of about 0.05% {(w/v) to about 0.5% {w/v}.

[00101] In some aspects, the ophthalmic pharmaceutical compositions of the invention
further comprise a buffering system. A buffering system 15 an excipient or combination of
excipients that butfer the pH of the composition. A buffer system comprises an acid and itg
conjugate base.

[00102] In some embodiments, the buffer system is a phosphate butfer, a citrate buffer,
an acetate buffer, or a borate buffer.

[00103] In some embodiments, the buffer system is a phosphate buffer.

[00104] In some embodiments wherein the buffer system is a phosphate buffer, the
buffer system comprises sodium dihydrogen phosphate (also known as monosodium phosphate
or sodium phosphate moncbasic) and disodium phosphate (also known as sodium hydrogen
phosphate or sodium phosphate dibasic).

[00105] In some embodiments, the buffer system is a citrate buffer.

[001066] In some embodiments wherein the buffer system is a ciirate buffer, the buffer
system comprises sodium citrate and citric acid.

[00107] In some embodiments, the buffer system an acetate buffer.

[00108] In some embodiments wherein the buffer system is an acetate buffer, the buffer
system comprises sodium acetate and acetic acid

[00109] in other embodiments, the bufter system a borate buffer.

[00110] In some embodiments wherein the buffer system is a borate buffer, the butfer
system comprises sodium borate and boric acid.

[00111] In some embodiments, the buffer system is present in the ophthalmic

compositions of the invention in an amount of from about 0.01% (w/v) to about 0 5% (w/iv)
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[00112] In some embodiments, the pH of the ophthalimic pharmaceutical compositions
of the invention is within the range about 4.0 to about 8.0. pH 18 measured in accordance with
United States Pharmacopeia (USP) <791>. Measurements are made at 25 = 2°C,

[00113] In other embodiments, the pH of the ophthalmic pharmaceutical compositions
of the tnvention is within the range about 6.6 to about 8.0.

[00114] In other embodiments, the pH of the ophthalmic pharmaceutical compositions
of the invention 1s within the range about 6.5 to about 7.5,

[00115] in other embodiments, the pH of the ophthalmic pharmaceutical compositions
of the invention is within the range about 6.8 to about 7.4

[00116] Insome embodiments, the ophthalmic pharmaceutical compositions of the
mvention may further comprise an antimicrobial agent. An antimicrobial is an excipient that
inhibits the growth of microorganisms in the ophthalmic pharmaceutical compositions.

[00117] In some embodiments, the antimicrobial agent is benzalkonium chioride
{BAK), chlorobutanol, benzethonium chloride, phenylmercuric nitrate, phenylmercuric acetate,
or thimerisol.

[00118] In some aspects, the ophthaliic pharmaceutical composition of the invention
contains not more than 0.5% (by HPLC) of any single impurnty, relative to the amount of the
compound of Formula b,

[00119] Asused herein, the phrase “by HPLC” means that the recited amount was
determined using high-performance liquid chromatography.

[00120] In some embodiments, “by HPLC” means “by HPLC area %", In these
embodiments, the area under the response curve corresponding to the analvte in question in an
HPLC chromatogram {wherein the HPLC chromatogram i3 generated using a UV detector
monitoring the wavelength 264 nm} is compared to the area under the response curve
corresponding to the compound of Formula 1. In these embodiments, the HPLC chromatogram
is obtained under conditions at which the detector response to the analytes of interest varies
Iinearly with the concentration of the analytes in the sample. In addition, the HPLC
chromatogram 1s obtained under conditions at which the peaks of the impunities are resolved

from each other and from the peak of the compound of Formula L

- 14 -

CA 03160484 2022-6-2



WO 2021/113580 PCT/US2020/063218

[00121] For example, a composition contains not more than 0.29% by HPLC area% of
any single impurity, relative to the amount of the compound of Formula [ when, upon analysis of
the sample by HPL.C as described above, the area under the peak of any single impurity is not
greater than 0.2% of the area under the peak of the compound of Formula L

[00122] In other embodiments, “by HPLC” means “by HPLC weight %07, In these
embodiments, the arca under the response curve corresponding to the analvte tn gquestion 1n an
HPLC chromatogram 1s compared to the area under the response curve of the compound of
Formula | in an HPLC chromatogram generated from a standard containing a known weight of
the compound of Formuda I. The HPLC chromatograms of the analvte sample and the standard
sample are obtained under the same conditions {e g, the HPLC chromatogram is generated using
a UV detector monitoring the wavelength 264 nm). Moreover, in these embodiments, the HPLC
chromatograms are obtained under conditions at which the detector response to the analytes of
interest varies linearly with the concentration of the analvies in the samples. In addition, the
HPLL chromatograms are obiained under conditions at which the peaks of the impurities are
resolved from each other and from the peak of the compound of Formula L

[00123] For example, a composition contains not more than 0.2% (by HPLC weight %)
of any single impurity, refative to the amount of the compound of Formula 1 when, upon analysis
of the sample by HPLC as described above, the weight of any single impurity in the sample is
not greater than 0.2% by weight of the amount of Formula L

3

[00124] As used herein, the term “impurity” refers to a compound that 15 present in the
composition and is {or is likely to be) 2 degradation product of the compound of Formula 1

[00125] In some embodiments, the ophthalmic pharmaceutical composition of the
tnvention contains not more than 0.5% (by HPLC) of any single impurity, relative to the amount
ot the compound of Formula 1.

[00126] In some embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.4% (by HPLC) of any single impurity, relative to the amount
of the compound of Formula L

[00127] In some embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.3% (by HPLC) of any single impurity, relative to the amount

of the compound of Formula L
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[00128] In some embodiments, the ophthalmic pharmaceutical composition of the
invention containg not more than 0.2% (by HPLC) of any asingle impurity, relative to the amount
of the compound of Formula L

[00129] In some embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.1% (by HPLC) of any single impurity, relative to the amount
of the compound of Formula £

[06130] In other aspects, the ophthalmic pharmaceutical composition of the tnvention
contains not more than 0.5% {(by HPLO) of any single impurnity, relative to the amount of the
compound of Formula I, after storage in a closed container for at least 6 months, for at least 12
months, for at feast 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00131] in other aspects, the ophthalmic pharmaceutical compoesition of the invention
contains not more than ©.4% (by HPLC) of any single impurity, relative to the amount of the
compound of Formula |, after storage in a closed container for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00132] in other aspects, the ophthalmic pharmaceutical composition of the invention
contains not more than $.3% (by HPLC) of any single impurity, relative to the arnount of the
compound of Formula |, after storage in a closed container for at least 6 months, for at least 12
months, for at ieast 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composttion.

[00133] In other aspects, the ophthalmic pharmaceuntical composition of the invention
contains not more than 0.2% (by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage in a closed container for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commerdcially acceptable
expiration date for the compaosition.

[00134] In other aspects, the ophthalmuc pharmaceutical composition of the invention
contains not more than 0.1% {(by HPLC) of any single impurity, relative to the amount of the

compound of Formula I, after storage 1n a closed container for at least & months, for atleast 12
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months, for at least 18 months, for at least 24 months, or prior o a commercially acceptable
expiration date for the composttion.

[00135] In some embodiments of the invention described herein, “storage in a closed
container” refers to storage in a capped glass vial, In other embodiments of the invention
described herein, “storage in a closed container” refers to storage in a USP Type | glass vial with
Flurotec~-coated butyl rubber stopper and aluminum seal.

[006136] In some embodiments of the invention described herein, “storage 1o a closed
container” refers to storage in a capped low density polyvethylene (LDPE) bottle. In other
embodiments of the invention described herein, “storage in a closed container” refers {o storage
in LDPE botile with HEPE cap.

[00137] Asused herein, the term “expiration date” for a manufacturing lot of a finished
dosage form of a medicine refers to the end of the time period during which a regulatory
authority has been satisfied that product distributed from the lot can be expected to remain
sufficiently stable under specified storage conditions {(7.e., to retain sufficient strength, quality,
and purity ) to be digpensed, such that the expiration date may be communicated together with
product distributed from the lot.

[00138] Asused herein the term “commercially acceptable expiration date” refers to an
expiration date that s sufficienily long in duration to facilitate the efficient distribution of a
manufacturing of a medicine, typically a time period that 1s equal to or greater than 6to 12
months and, more preferably a period that is equal to or greater than 18 10 24 months. Methods
for determining stability and satisfying regulatory authorities that finished dosage form of a
medicine will remain sufficiently stable prior to the expiration date are known in the art.

[00139] In some embodiments, storage of said composition in a closed containerisata
temperature in the range of about 20-73°C.

[00140] In other embodiments, storage in a closed contaiver 15 at a temperature in the
range of about 2-&8°C.

[00141] In other embodiments, storage in a closed container 18 at a temperature in the
range of about 5-50°C.

100142} In yet other embodiments, storage in a closed container is at a ternperature in

the range of about 15-50°C.
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[00143] In other embodiments storage of said composition in a closed container is in an
atroosphere haviog a relative humidity of about 25-80%.

[00144] In other embodiments, the storage in a closed container is at a temperature of
25°C in an atmosphere having a relative humidity of 60%; or at a temperature of 40°C in an
atmosphere having a relative humidity of 75%; or at a temperature of 25°C in an atmosphere
having a relative humidity of 40%; or at a temperature of 40°C 10 an atmosphere having a
relative humidity of 25%.

[00145] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0 4%, not more than 0.3%, not more than
0.2%, or not more than C. 1% (by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage in a closed container, stored at a temperature in the range
of about 20-75°C for at least 6 months, for at least 12 months, for at least 18 months, for at least
24 months, or prior to a commercially acceptable expiration date for the composition.

[00146] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%%, not more than 0.3%, not more than
0.2%, or not more than 0.1% (by HPLC) of any single impurity, relative to the araount of the
compeound of Formula I, after storage in a closed container, stored at a temperature in the range
of about 20-75°C in an atmosphere having a relative humidity of about 25-80% for at least 6
months, for at least 12 months, for at least 18 months, for at least 24 months, or priorto a
commercially acceptable expiration date for the composition.

[00147] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%, not more than ¢.3%, not more than
0.2%., or not more than C. 1% (by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage in a closed container, stored at a temperature of 23°C in an
atrosphere having a relative humidity of 60% for at least 6 mounths, for at least 12 months, for at
least 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00148] in other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than

0.2%, or not more than 0.1% (by HPLC) of any single impurity, relative to the amount of the
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compound of Formula [, after storage in a closed glass vial, stored at a temperature of 25°C in an
atroosphere having a relative humidity of 60% for at least 6 months, for at least 12 months, for at
feast 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition,

[00149] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%., not more than 0.4%, not more than 0.3%, not more than
0.2%, ot not more than . 1% (by HPLC) of any single impurity, relative to the amaount of the
compound of Formula § after storage in a closed container, stored at a temperature of 40°C in an
atmosphere having a relative humidity of 75% for at least 6 months, for at least 12 months, for at
feast 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00150] In other embodiments, the ophthalmic pharmaceutical composition of the
invention containg not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than
0.2%, or not more than 0.1% {(by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage in a closed glass vial, stored at a temperature of 40°C 1n an
atroosphere having a relative humidity of 75% for at least 6 mounths, for at least 12 months, for at
feast 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00151] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than
0.2%, or not more than 0.1% {(by HPLC) of any single impurity, relative to the amaount of the
compound of Formula I, after storage in a closed container, stored at a temperature of 25°C in an
atmosphere having a relative humidity of 40% {or at least 6 months, for at least 12 months, for at
least 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00152] in other embodiments, the ophthalmic pharmaceutical composition of the
mvention coniaing not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than
0.2%0, or not more than 0. 1% (by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage 1n a closed LDPE bottle, stored at a temperature of 25°C in

an atmosphere having a relative humidity of 4096 for at least & months, for at least 12 months, for
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at least 18 months, for at least 24 months, or prior to a commercially acceptable expiration date
for the composition.

[00153] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%, not more than 0.3%., not more than
0.2%, or not more than 0. [% (by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage in a closed container, stored at a temperature of 40°C 1n an
atmosphere having a relative humidity of 25% tor at least 6 months, for at least 12 months, for at
feast 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00154] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than .49, not more than 0.3%, not more than
0.2%, or not more than 0.1% {(by HPLC) of any single impurity, relative to the amount of the
compound of Formula I, after storage in a closed LDPE bottle, stored at a temperature of 40°C in
an atmosphere having a refative humidity of 25% for at least 6 months, for at least 12 months, for
at least 18 months, for at least 24 months, or prior to a commercially acceptable expiration date
for the composition.

[00155] in some aspects, the ophthalmic compositions of the invention contain not
more than 0.5% (by HPLC) of the compound of Formula L relative to the amount of the
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[00156] In some embodiments, the ophthalmic cormnpositions of the invention coniain

compound of Formu (i)
not more than 0.4% (by HPLC) of the compound of Formula U, relative to the amount of the
compound of Formula L

[00157] In some embodiments, the ophthalimic compositions of the invention contain
not more than 0.3% (by HPLC) of the compound of Formula 11, relative to the amount of the

compound of Formula .
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[00158] In some embodiments, the ophthalmic compositions of the invention contain
not more than 0.2% by HPLC) of the compound of Formula I, relative to the amount of the
compound of Formutla L

[00159] In some embodiments, the ophthalmic compositions of the invention contain
not more than 0.1% (by HPLC) of the compound of Formula 1, refative to the amount of the
compound of Formula [

[00160] In some embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5% (by HPLC) of the compound of Formula 1} relative to the
amount of the compound of Formula 1, after storage in a closed container for at least 6 months,
for at feast 12 months, for at least 18 months, for at teast 24 months, or prior to a commercially
acceptable expiration date for the composition.

[00161] In some embodiments, the ophthalmic pharmaceutical composition ot the
invention containg not more than 0.4% (by HPLC} of the compound of Formula 1, relative to the
amount of the compound of Formula I, after storage in a ciosed container for at least 6 months,
for at least 12 months, for at least 18 months, for at least 24 meonths, or prior to a commercially
acceptable expiration date for the composttion.

[00162] In some embodiments, the ophthalmic pharmaceutical composition of the
tnvention containg not more than 0.3% (by HPLC) of the compound of Formula 1, relative to the
amount of the compound of Formula 1, after storage in a closed container for at least ¢ months,
for at least 12 months, for at least 18 months, for at least 24 months, or prior to a commercially
acceptable expiration date for the composition.

[00163] In some embodiments, the ophthalmic pharmaceutical composition of the
tnvention containg not more than 0.2% (by HPLC) of the compound of Formula i, relative to the
amount of the compound of Formula 1, after storage in a closed container for at least & months,
for at least 12 months, for at least 18 months, for at least 24 months, or prior to a commercially
acceptable expiration date for the composition.

[00164] In some embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.1%6 (by HPLC) of the compound of Formula i, relative to the

amount of the compound of Formula L after storage in a closed container for at least & months,
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for at least 12 months, for at least 18 months, for at least 24 months, or prior to a commercially
acceptable expiration date for the composttion.

[00165] In some embodiments, storage in a closed container is at a temperature in the
range of about 20-75°C.

[00166] In other embodiments, storage in a closed container is at a temperature in the
range of about 15-50°C.

[06167] In vetother embodiments, storage in a closed container is at a temperature in
the range of about 5-50°C.

[00168] In other embodiments storage in a closed container is 1o an atmosphere having
a relative humidity of about 25-80%.

[00169] In other embodiments, the storage in a closed container is at a temperature of
25°C 1t an atmosphere having a relative humidity of 60%; or at a temperature of 40°C in an
atmosphere having a relative humidity of 75%; or at a temperature of 25°C in an atmosphere
having a relative humidity of 40%; or at a temperature of 40°C in an atmosphere having a
relative humidity of 25%.

[00170] In some embodiments, the closed container is a capped glass vial

[00171] In other embodiments, the closed container is a capped LDPE bottle,

[006172] In other emsbodiments, the ophthalmie pharmaceutical composition of the
tnvention confains not more than 0.5%, not more than 0.4%, not more than ¢.3%, not more than

). 2%, or not more than G, 1% (by HPLC) of the compound of Formula 11, relative to the amount
of the compound of Formula 1, after siorage in a closed container, stored at a temperature in the
range of about 20-75°C for at least & months, for at least 12 months, for at least 18 months, for at
feast 24 months, or prior to a commercially acceptable expiration date for the composition.

[00173] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%. not more than 0.3%, not more than
0.2%, or not more than €. 1% {by HPLC) of the compound of Formula I, relative to the amount
of the compound of Formula 1, afier storage in a closed container, stored at a temperature in the
range of about 20-75°C in an atmosphere having a relative humidity of about 25-80% for at least
6 months, tor at least 12 months, for at least 18 months, for at least 24 months, or priorto a

commercially acceptable expiration date for the composition.
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[00174] In other embodiments, the ophthalmic pharmaceutical compaosition of the
invention contains not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than
0.2%, or not more than 0.1% (by HPLC) of the compound of Formula 11, relative to the amount
of the compound of Formula 1, afier storage in a closed container, stored at a temperature of
25°C in an atmosphere having a relative humidity of 60% for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior o a commercially acceptable
expiration date for the composition.

[00175] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0. 4%, not more than 0.3%, not more than
0.2%, or not more than . 1% (by HPLC) of the compound of Formulda 1, relative to the amount
of the compound of Formula 1, after storage in a closed glass vial, stored at a temperature of
25°C 1 an atmosphere having a relative humidity of 60% for at least 6 months, for at feast 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00176] In other embodiments, the ophthalmic pharmaceutical composition of the
invention coniains not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than
0.2%, or not more than 0.1% {(by HPLC) of the compound of Formula I, relative to the amount
of the compound of Formula I, after storage in a closed contaiuer, stored at a temperature of
40°C in an atmosphere having a relative humidity of 75% for at least © months, for at least 12
months, for at ieast 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composttion.

[00177] In other embodiments, the ophthalmic pharmaceutical composition of the
wvention coniaing not more than 0.5%, not more than 0.4%, not more than ¢.3%. not more than
0.2%, or not more than 0.1% (by HPLC) of the compound of Formula 1, relative to the amount
of the compound of Formula 1, after storage in a closed glass vial, stored at a temperature of
40°C in an atmosphere having a relative humidity of 75% for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

100178 In other embodiments, the ophthalmic pharmaceutical composition of the

invention contains not more than 0 5%, not more than 0.4%, not more than 0 3%, not more than
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0.2%. or not more than 0. 1% (by HPLC) of the compound of Formula 11, relative to the amount
of the compound of Formula 1, after siorage in a closed container, stored at a temperature of
25°C in an atmosphere having a relative humidity of 40% for at least 6 months, for at least 12
months, for at ieast 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00179] In other embodiments, the ophthalmic pharmaceutical composition of the
mvention contains not more than 0.5%, not more than 0.49%, not more than 0.3%, not more than
0.2%, or not more than ¢.1% {by HPLC) of the compound of Formula I relative to the amount
of the compound of Formula 1, after storage in a closed LDPE bottle, stored at a temperature of
25°C in an atmosphere having a relative humidity of 40%% for at feast & months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00180] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%, not more than §.3%, not more than
0.2%, or not more than 0.1% (by HPLC) of the compound of Formula 11, relative to the amount
of the compound of Formaula 1, after storage in a closed container, stored at a temperature of
40°C in an atmosphere having a relative humidity of 25% for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 monthg, or prior to a commercially accepiable
expiration date for the composition.

[00181] In other embodiments, the ophthalmic pharmaceutical composition of the
invention contains not more than 0.5%, not more than 0.4%, not more than 0.3%, not more than
0.2%, or not more than 0. 1% (by HPLC) of the compound of Formula [, relative to the amount
of the compound of Formula 1, afier storage in a closed LDPE bottle, stored at a temperature of
40°C in an atmosphere having a relative humidity of 25% for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the compaosition.

[00182] In other aspects, the ophthalmic compositions of the invention contain not
more than 2.0%6 (by HPLC) of total impurities, relative to the amount of the compound of
Formula 1 A composition contains not more than 2.0% (by HPLC) of total impurities, relative

to the amount of the compound of Formula | when, upon analysis of the of sample by HPLC as
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described previocusly, the sum total of the area under the peaks of the impurities is not greater
than 2.0% of the area under the peak of the compound of Formula L

[00183] In other aspects, the ophthalmic compositions of the invention contain not
more than 1.5% (by HPLC} of total tropurities, relative to the amount of the compound of
Formula 1.

[00184] In other aspects, the ophthalmic compositions of the invention contain not
more than 1.0% (by HPLC) of total impunities, relative to the amount of the compound of
Formula L

[00185] In other aspects, the ophthalmic compositions of the invention contain not
maore than 0.5% (by HPLC) of total impurities, relative to the amount of the compound of
Formula 1

[00186] In some embodiments, the ophthalmic compositions of the invention contain
not more than 2.0% (by HPLC) of total impurities, relative to the amount of the compound of
Formuia |, after storage in a closed container for at least 6 months, for at least 12 months, for at
feast 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition,

[00187] In some embodiments, the ophthalmic compositions of the invention contain
not more than 1 5% (by HPLC) of total impurities, relative to the amount of the compound of
Formula 1, after storage in a closed container for at least 6 months, for at least 12 months, for at
least 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00188] In some embodiments, the ophthalmic compositions of the invention contain
not more than 1.0% (by HPLC) of total impurities, relative to the amount of the compound of
Formula 1, after storage in a closed container for at least 6 months, for atleast 12 months, for at
feast 18 months, for at least 24 mounths, or prior to a commercially acceptable expiration date for
the composition.

[00189] In some embodiments, the ophthalmic compositions of the invention contain
not more than 0.5% (by HPLC) of total impurities, relative to the amount of the compound of

Formula 1, after storage in a closed comtainer for at least 6 months, for at least 12 months, for at
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least 18 months, for at least 24 months, or prior to a commercially acceptable expiration date for
the composition.

[00190] In some embodiments, storage in a closed container is at a temperature in the
range of about 20-75°C.

[00191] In other embodiments, storage in a closed container is at a temperature in the
range of about 2-8°C.

[06192] In other embodiments, storage in a closed container 15 at a temperature in the
range of about 5-50°C.

[00193] In vet other embodiments, storage 1n a closed container is at a temperature in
the range of about 15-50°C.

[00194] In other embodiments storage in a closed container is in an atmosphere having
a relative humidity of about 25-80%.

[00195] In other embodiments, the storage in a closed container is at a temperature of
25°C in an atmosphere having a relative humidity of 60%; or at a temperature of 40°C in an
atmosphere having a relative humidity of 75%; or at a temperature of 253°C in an atmosphere
having a relative humidity of 40%,; or at a teroperature of 40°C in an atmosphere haviog a
relative humidity of 25%.

[00196] In some embodiments, the closed container is a capped glass vial.

[00197] In other embodiments, the closed container is a capped LDPE bottle.

[00198] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5% {(by HPLC)
of total impurities, relative to the amount of the compound of Formula §, after storage in a closed
container, stored at a temperature in the range of about 20-75°C for at least 6 months, tor at least
12 months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00199] in other embodiments, the ophthalmic compaositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5% {(by HPLC)
of total mpurities, relative to the amount of the compound of Formula |, after storage in a ciosed
container, stored at a temperature in the range of about 20-75°C in an atmosphere having a

relative humidity of about 25-80% for at least 6 months, for at least 12 monthg, for at least 18
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months, for at least 24 months, or prior to a commercially acceptable expiration date for the
composttion.

[00200] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.53%, not more than 1.0%, or not more than 0.5% (by HPLC)
of total impurities, relative to the amount of the compound of Formula £, after storage in a ciosed
container, stored at a temperature of 25°C in an atmosphere having a relative hummidity of 60%
for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 mouths, or
prior to a commercially acceptable expiration date for the composition.

[00201] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5% (by HPFLC)
of total impurities, relative to the amount of the compound of Formula §, after storage in a closed
glass vial, stored at a temperature of 25°C in an atmosphere having a relative humidity of 60%
for at feast 6 months, for at least 12 months, for at least 18 months, for at least 24 months, or
prior to a commercially acceptable expiration date for the composition.

[00202] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5% (by HPLC)
of total impurities, relative to the amount of the compound of Formula §, after storage in a closed
container, stored at a femperature of 40°C in an atmosphere having a refative humidity of 75%
for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months, or
prior to a commercially acceptable expiration date for the composition.

[06203] In other embodiments, the ophthalimic compositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5% (by HPLC)
of total impurities, relative to the amount of the compound of Formula |, after siorage in a ciosed
plass vial, stored at a temperature of 46°C in an atmosphere having a relative humidity of 75%
for at least 6 months, for at least 12 months, for at least 18 months, for at teast 24 months, or
prior to a commercially acceptable expiration date for the composition.

[00204] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5%% (by HPLO)
of total impurities, relative to the amount of the compound of Formula kL, after storage in a closed

container, stored at a temperature of 25°C in an atmosphere having a relative humidity of 40%

CA 03160484 2022-6-2



WO 2021/113580 PCT/US2020/063218

for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months, or
prior to a commercially acceptable expiration date for the composition.

[00205] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.53%, not more than 1.0%, or not more than 0.5% (by HPLC)
of total impurities, relative to the amount of the compound of Formula £, after storage in a ciosed
LDPE bottle, stored at a temperature of 25°C in an atmosphere having a relative hwmdity of
4% for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prior to a commercially acceptable expiration date for the composition.

[00206] In other embodiments, the ophthalmic compositions of the invention contain
not more than 2.0%, not more than 1.5%, not more than 1.0%, or not more than 0.5% (by HPFLC)
of total impurities, relative to the amount of the compound of Formula I, after storage in a closed
container, stored at a temperature of 40°C in an atmosphere having a relative humidity of 25%
for at feast 6 months, for at least 12 months, for at least 18 months, for at least 24 months, or
prior to a commercially acceptable expiration date for the composition.

[00207] In other embodiments, the ophthalmic compositions of the invention contain
not roore than 2.0%, not more than 1.5%, not more than 1.0%, or not roore than 0.5% (by HPLC)
of total impurities, relative to the amount of the compound of Formula §, after storage in a closed
{.DPE bottle, stored at a temperature of 40°C in an atmosphere having a relative humidity of
25% for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prior to a commercially acceptable expiration date for the composition.

[006208] In some aspects, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Formula §

HNT
F N"%N =
BN IS

Ve

and not more than 6.5% (by HPLC) of the compound of Formula 11,

(1
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FF (i) relative to the amount of the compound of Formula L

[00209] In some embodiments, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprsing a compound of Formula | and not more than 0.4% (by
HPLC) of the compound of Formula I, relative to the amouunt of the compound of Formula L

[00210] In some embodiments, the disclosure is directed to agueous ophthalmic
pharmaceutical compositions comprising a compound of Formula | and not more than 0.3% (by
HPLC) of the compound of Formula I, relative to the amount of the compound of Formula L

[00211] In some embodiments, the disclosure is directed to aqueous ophthalmic
pharmaceutical compaositions comprising a compound of Formula | and not more than 0.2% (by
HPLC) of the compound of Formula I relative to the amount of the compound of Formula L

[00212] In somc embodiments, the disclosure is dirccted to agquoous ophthalmic
pharmaceutical compositions comprising a compound of Formula | and not more than 0.1% (by
HPLC) of the compound of Formula B, relative to the amount of the compound of Formula [

[00213] in some aspects, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Forroula [

HN"’

S vNe]

and not more than 0.5% (by HPLC) of the compound of Formula [,
NH.

F N/EQN = I

| |
 m

relative to the amount of the compound of Formula 1, after storage of said composition in
a closed container for at least 6 months, for at least 12 months, for at least 18 months, for
at least 24 months, or prior to a commercially acceptable expiration date for the

composition.
- D -
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[00214] In some embodiments, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Formula T and not more than 0.4% (by
HPLC) of the compound of Formula I, relative to the amount of the compound of Formula i,
atter storage of said composition in a closed container for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 monthg, or prior {o a commercially acceptable
expiration date for the composition.

[006215] Insome embodiments, the disclosure 1s directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Formula [ and not more than 0.3% {by
HPLC) of the compound of Formula I, relative to the amount of the compound of Formula [
after storage of said composition in a closed container for at least & months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00216] In some embodiments, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Formula T and not more than 0.2% (by
HPLC) of the compound of Formula IE relative to the amount of the compound of Formula 1,
after storage of said composition tu a closed container for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00217] In some embodiments, the disclosure is directed to agueous ophthalmic
pharmaceutical composttions comprising a commpound of Formula T and not more than 0.1% (by
HPLC) of the compound of Formula £, relative 1o the amount of the compound of Formula i,
after storage of said composition in a closed container for at least 6 months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00218] In some embodiments, storage in a closed container is at a temperature in the
range of about 20-75°C.

[00219] In other embodiments, storage in a closed container 18 at a temperature in the
range of about 2-8°C,

100220] In other embodiments, storage in a closed container 15 at a temperature in the

range of about 5-50°C.
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[00221] In vet other embodiments, storage in a closed container is at a temperature in
the range of about 15-50°C.

[00222] In other embodiments storage in a closed container is in an atmosphere having
a relative humidity of about 25-80%.

[00223] In other embodiments, the storage 1n a closed container is at a temperature of
25°C 1n an atmosphere having a relative humidity of 60%; or at a temperature of 40°C i an
atmosphere having a relative humidity of 75%; or at a temperature of 25°C in an atmosphere
having a relative humidity of 40%; or at a temperature of 40°C in an atmosphere having a
relative humidity of 25%.

[00224] In some embodiments, the closed container is a capped glass vial.

[00225] In other embodiments, the closed container is a capped LDPE bottle.

[00226] In some embodiments, the agueous ophthalmic pharmaceutical composition
comprises a compound of Formula I and not more than 0.5%, not more than 0.4%%, not more than
0.3%, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula I,
after storage in a closed container, stored at a temperature in the range of about 20-75°C for at
Teast 6 months, for at least 12 months, for at least 18 months, for at least 24 months, ot prior to a
commercially acceptable expiration date for the composition.

[06227] In some embodiments, the agueous ophthalmic pharmaceutical composition
comprises a compound of Formula | and not more than 6.5%, not more than 0.4%, not more than
0.3%, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula I,
after storage in a closed container, stored at a temperature in the range of about 20-75°C in an
atmosphere having a relative humidity of about 25-80% for at least & months, for at least 12
months, for at least 18 months, for at least 24 months, or prior to a commercially accepiable
expiration date for the composition.

[00228] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula I and not more than 0.3%, not more than 0.4%, not more than
0.3%, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula I,
after storage in a closed container, stored at a temperature of 25°C in an atmosphere having a
relative humidity of 60% ftor at least 6 months, for at least 12 months, for at least 18 months, for

at least 24 months, or prior o a commercially acceptable expiration date for the composition.
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[00229] In some embodiments, the aguecus ophthalmic pharmaceutical composition
comprises a compound of Formula | and not more than 0.3%6, sot more than 0.4%, not more thao
0.3%, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula 1,
after storage in a closed glass vial, stored at a temperature of 25°C in an atmosphere having a
relative humidity of 60% for at least 6 months, for at least 12 months, for at least 18 months, for
at least 24 months, or prior to a commercially acceptable expiration date for the composition,

[00230] In some embodiments, the agueous ophthalmic pharmaceutical composition
comprises a compound of Formula § and not more than 0.5%, not more than 0.4%, not more than
0.3%, not more than 0 2%, or not more than 0.1% (by HPLC) of the compound of Formula I,
after storage in a closed container, stored at a temperature of 40°C in an atmosphere having a
relative humidity of 75% for at least 6 months, for at least 12 months, for at least 1R months, for
at least 24 months, or prior to a commercially acceptable expiration date for the composition.

[00231] In some embodiments, the agueous ophthalmic pharmaceutical composition
comprises a compound of Formula | and not more than 0.5%, not more than 0.4%, not more than
0.3%6, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula 1,
after storage in a closed glass vial, stored at a temperature of 40°C in av atmnosphere having a
relative humidity of 75% for at least 6 months, for at least 12 months, for at least 18 months, for
at least 24 wonths, or prior to a commercially acceptable expiration date for the composition.

[00232] In some embodiments, the aquecus ophthalmic pharmaceutical composition
comprises a compound of Formula I and not more than 0.53%, not more than 0.4%, not more than
0.3%, not more than 0.2%, or not more than 0.1% {(by HPLC) of the compound of Formula 1,
after storage in a closed container, stored at a temperature of 25°C in an atmosphere having a
relative humidity of 40% for at Teast 6 months, for at least 12 months, for at least 18 months, for
at least 24 months, or prior to a commercially acceptable expiration date for the composition.

[00233] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula I and not more than 0.3%, not more than 0.4%, not more than
0.3%, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula I,
after storage in a closed LDBPE bottle, stored at a temperature of 25°C in an atmosphere having a
relative humidity of 40% ftor at least 6 months, for at least 12 months, for at least 18 months, for

at least 24 months, or prior o a commercially acceptable expiration date for the composition.
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[00234] In some embodiments, the aguecus ophthalmic pharmaceutical composition
comprises a compound of Formula I and not more than 0.3%, not more than 0.4%, not more than
0.3%, not more than 0.2%, or not more than 0.1% (by HPLC) of the compound of Formula 1,
after storage in a closed container, stored at a temperature of 40°C in an atmosphere having a
relative humidity of 25% for at least 6 months, for at least 12 months, for at least 18 months, for
at least 24 months, or prior to a commercially acceptable expiration date for the composition,

[00235] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula § and not more than 0.5%, not more than 0.4%, not more than
0.3%, not more than 0 2%, or not more than 0.1% (by HPLC) of the compound of Formula I,
after storage in a closed LDPE bottle, stored at a temperature of 40°C in an atmosphere having a
relative humidity of 25% for at least 6 months, for at least 12 months, for at least 1R months, for
at least 24 months, or prior to a commercially acceptable expiration date for the composition.

[00236] In other aspects, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Formula I

HIN
O
F/I\CO"J\N’;L‘N"’\
FF : O

and an antioxidant system, wherein the amount of the compound of Formula I}
NH 5

N’ e /Cj
/K"\O/J\\ N/’)\

{Il} present in said composition does not increase by more
than 200% as measured by HPLC upon storage of said composition in a closed container
prior to a commercially acceptable expiration date for said composition,

[00237] As used herein, the phrase “does not increase by more than 200% as measured
by HPLC” means that the amount of the compound of Formula 11, relative to the amount of the
compound of Formula I, as measured by HPLC, does not increase by more than 200%% from the
initial storage of the composition to the end of a commercially acceptable expiration date for the

composition being stored.  Whether the amount of the compound of Formula 11 has increased

]
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upon storage can be determined by analyzing the composition by HPLC prior to storage,
analyzing the composition by HPLC after storage, and coraparing the amount of Formula I prior
to storage to the amount of Formula I after {o storage. In addition, as discussed previously, the
HPLC chromatograms are generated using a UV detector monitoring the wavelength 264 nm. In
addition, the HPLC chromatograms are obtained under conditions at which the detector response
to the analytes of interest varies hinearly with the concentration of the analytes in the sample. In
addition, the HPLC chromaiograms are obtained under conditions at which the peaks of the
impurities are resolved from each other and from the peak of the compound of Formula L

[00238] In some embodiments, the disclosure is directed to aqueous ophthalmic
pharmaceutical compositions comprising a compound of Formula T and an antioxidant system,
wherein the amount of the compound of Formula I present in said composition does not increase
by more than 100% as measured by HPLC upon storage of said composition in a closed
container prior to a commercially acceptable expiration date for said composition.

[00239] In some embodiments, the agueous ophthalmic pharmaceutical compositions
of the invention comprise a compound of Formula T and an antioxidant system, wherein the
amount of the compound of Forrnula I present in the composition does not increase by more
than 200% as measured by HPLC upon storage of said composition in a closed container for at
feast 6 monthg; for at least 12 months; for at least 18 mounths; for at least 24 months, or priorto a
commercially acceptable expiration date for the composition.

[00240] In other embodiments, the agueous ophthalmic pharmaceutical compositions of
the invention comprise a compound of Formula | and an antioxidant sysiem, wherein the amount
of the compound of Formula 1T present in the composition does not increase by more than 100%
as measured by HPLC upon storage of said composition in a closed coniainer for at least ©
months; for atleast 12 months; for at least 18 months; for at least 24 months, or pricrto a
commercially acceptable expiration date for the composition.

[00241] in some embodiments, storage in a closed container is at a temperature in the
range of about 20-75°C.

[00242] in other embodiments, storage in a closed container 1s at a temperature in the

range of about 2-8°C.
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[00243] In other embodiments, storage in a closed container is at a temperature in the
range of about 5-530°C.

[00244] 1In vet other embodiments, storage in a closed container is at a temperature in
the range of about 15-50°C.

[00245] In other embodiments storage in a closed container is in an atmosphere having
a relative humidity of about 25-80%.

[006246] In other embodiments, the storage in a closed container is at a terperature of
25°C in an atmosphere having a relative humidity of 60%; or at a temperature of 40°C in an
atmosphere having a relative humidity of 75%; or at a temperature of 25°C 10 an atmosphere
having a relative humidity of 40%; or at a temperature of 40°C in an atmosphere having a
relative humidity of 25%.

[00247] In some embodiments, the closed container is a capped glass vial.

[00248] In other embodiments, the closed container is a capped LDPE bottle.

[00249] In some embodiments, the aqueous ophthalmic pharmaceutical compositions
of the invention comprise a compound of Formula T and an antioxidant system, wherein the
amount of the compound of Forrmula I present in the composition does not increase by more
than 200%, or more than 100% as measured by HPLC upon storage of said composition in a
closed contaiver stored at a teraperature in the range of about 20-75°C for at least 6 months, for
at least 12 months, for at feast 18 months, for at least 24 months, or prior {0 a commercially
acceptable expiration date for the composition.

[006250] In some embodiments, the aqueous ophthalmic pharmaceutical compositions
of the invention comprise a compound of Formula T and an antioxidant system, wherein the
amount of the compound of Formula 11 present in the composition does not ingrease by more
than 200%, or more than 100% as measured by HPLC upon storage of said composition in a
closed container stored at a temperature in the range of about 20-75°C in an atmosphere having a
relative humidity of about 25-80% for at least 6 months, for at least 12 months, for at least 18
months, for at least 24 months, or prior to a commercially acceptable expiration date for the
composition.

[00251] In some embodiments, the aguecus ophthalmic pharmaceutical compositions

of the invention comprise a compound of Formula 1 and an antioxidant system, wherein the
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amount of the compound of Formula I present in the composition does not increase by more
than 200%, or more than 100% as measured by HPLC upon storage of said composition in a
closed container stored af a temperature of 25°C in an atmosphere having a relative humidity of
60% for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prior o a commercially acceptable expiration date for the composition.

[00252] In some embodiments, the agueous ophthalmic pharmaceutical composttions
of the invention comprise a compound of Formula § and an antioxidant system, wherein the
amount of the compound of Formula I present in the composition does not increase by more
than 200%, or more than 100% as measured by HPLC upon storage of said composition in a
closed glass vial stored at a temperature of 25°C in an atmosphere having a relative humidity of
60% for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prios to a commercially acceptable expiration date for the composition.

[00253] In some embodiments, the agueous ophthalmic pharmaceutical compositions
of the invention comprise 3 compound of Formula I and an antioxidant system, wherein the
amount of the compound of Formula IT present in the compesition does not increase by more
than 200%, or more than 100% a3 measured by HPLC upon storage of said composition in a
closed container stored at a temperature of 40°C in an atmosphere having a relative humidity of
75% for ai least 6 months, for at least 12 months, for at least 1€ months, for at least 24 months,
or prior to a commercially acceptable expiration date for the composition.

[00254] In some embodiments, the aguecus ophthalmic pharmaceutical compositions
of the invention comprise a compound of Formula { and an antioxidant system, wherein the
amount of the compound of Formula II present in the composition does not increase by more
than 200%, or more than 100% as measured by HPLC upon storage of said compositionin a
closed glass vial stored at a temperature of 40°C in an atmosphere having a relative humidity of
75%6 for at least & months, for at least 12 months, for at feast 18 months, for at least 24 months,
or prior to a commercially acceptable expiration date for the composition.

[00255] In some embodiments, the aqueous ophthalmic pharmaceutical compositions
of the invention comprise a compound of Formula 1 and an antioxidant system, wherein the
amount of the compound of Formula 11 present in the composition does not increase by more

than 200%, or more than 100% as measured by HPLC upon storage of said compositicn in a
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closed container stored at a temperature of 25°C in an atmosphere having a relative humidity of
40%6 for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prior to a commercially acceptable expiration date for the composition.

[00256] In some embodiments, the agueous ophthalmic pharmaceutical compaositions
of the tnvention comprise a compound of Formula 1 and an antioxidant system, wherein the
amount of the compound of Formula U present in the composition does not increase by more
than 200%s, or more than 100% as measured by HPLC upon storage of said composition in a
closed glass vial stored at a temperature of 25°C in an atmosphere having a relative humidity of
40% for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prior to a commercially acceptable expiration date for the composition.

[00257] In some embodiments, the aquecus ophthalmic pharmaceutical compositions
of the invention comprise a compound of Formula I and an antioxidant system, wherein the
amount of the compound of Formula I present in the composition does not increase by more
than 200%, or more than 100% as measured by HPLC upon storage of satd composition in a
closed container stored at a temperature of 40°C in an atmosphere having a relative humidity of
25% for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,
or prior to a commercially acceptable expiration date for the compaosition.

[06258] In some embodiments, the agueous ophthalmic pharmaceutical compositions
of the tnvention comprise a compound of Formula T and an antioxidant system, wherein the
amount of the compound of Formula 11 present in the composition does not increase by more
than 200%, or more than 100% as measured by HPLC upon storage of said composition in a
closed LDPE bottle stored at a temperature of 40°C in an atmosphere having a relative humidity
of 25% ftor at least 6 months, for at feast 12 months, for at least 18 months, {for at least 24
months, or prior to a commercially acceptable expiration date for the composition.

[00259] In some aspects, the disclosure is directed to aqueous ophthalmic composition

comprising a compound of Formula §;

'
2
~
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and an antioxidant system, wherein the antioxidant system is present in an amount
sufficient to maintatn the amourt of the compound of Formula I,
NH.

Ly o

HPLC) relative to the amount of the compound of Formula 1, upon storage of the

{II) present in the composition at or below 0.5% (by

composition in a closed container,

[00260] In some embodiments, the disclosure is directed to aqueous ophthalmic
composition comprising a compound of Formula I and an antioxidant svstem, wherein the
antioxidant system is present in an amount sufficient to matntain the amount of the compound of
Formula {1 present in the composition at or below 0.4% (by HPLC) relative to the amount of the
compound of Formula L, upon storage of the composition 1n a closed container.

[00261] In somc embodiments, the disclosure is dirccted to agquoous ophthalmic
composition comprising a compound of Formula | and an antioxidant system, wherein the
antioxidant system is present in an amount sufficient t¢ maintain the amount of the compound of
Formula {1 present in the compoesition at or below 0.3% (by HPLC} relative to the amount of the
compound of Formula 1, upon storage of the composition in a closed container,

[00262] in some embodiments, the disclosure is directed to aqueous ophthalmic
composttion comprising a compound of Formula T and an antioxadant system, wherein the
antioxidant system is present i an amount sufficient to maintain the amount of the compound of
Formula H present in the composition at or below 0.2% (by HPLC) relative to the amount of the
compound of Formula I, upon storage of the composiiion in a closed container.

[00263] In some embodiments, the disclosure is directed to aqueocus ophthalmic
composition comprising a corapound of Formula I and an antioxidant system, wherein the
amtioxidant system is present in an amount sufficient to maintain the amount of the compound of
Formula 11 present in the composition at or below 0.1% (by HPLC} relative to the amount of the

compound of Formula I, upon storage of the composition in a closed container.
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[00264] In some embodiments, the storage is for at least 6 months, for at least 12
months, for at teast 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00265] Insome embodiments, storage in a closed container 18 at a temperature in the
range of about 20-75°C.

[00266] In other embodiments, storage in a closed contatner 13 at a temperature in the
range of about 2-8°C.

[00267] In other embodiments, storage in a closed container is at a temperature in the
range of about 5-50°C.

[00268] In vet other embodiments, storage in a closed container is at a temperature in
the range of about 15-50°C.

[00269] In other embodiments storage in a closed container 1s in an atmosphere having
a relative humidity of about 25-80%.

[00270] In other embodiments, the storage in a closed container is at a temperature of
25°C in an atmosphere having a relative humidity of 60%; or at a temperature of 40°C in an
atroosphere haviog a relative humidity of 75%; or at a temperature of 25°C in an atmosphere
having a relative humidity of 40%; or at a temperature of 40°C in an atmosphere having a
relative humidity of 25%.

[00271] In some embodiments, the closed container is a capped glass vial,

[00272] In other embodiments, the closed container is a capped LDPH bottle.

[006273] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula [ and an antioxidant system, wherein the antioxidant system
18 present in an amount sufficient to maintain the amount of the compound of Formula 1 present
in the composition at or below 0.5%, 0.4%, 0.3%%, 0.2%%, or 0.1% {by HPL() relative to the
amount of the compound of Formula L, upon storage of the composition in a closed container
stored at a temperature in the range of about 20-75°C for at least 6 months, for atleast 12
months, for at least 18 months, for at least 24 months, or prior to a commercially acceptable
expiration date for the composition.

[00274] In some embodiments, the aguecus ophthalmic pharmaceutical composition

comprises a compound of Formula [ and an antioxidant system, wherein the antioxidant system
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is present in an amount sufficient o maintain the amount of the compound of Formula Il present
in the coroposition at or below 0.5%, 0.4%, 0.3%, 0.2%, or 0.19% {(by HPLC) relative to the
amount of the compound of Formula 1, upon storage of the composition in a closed container
stored at a temperature in the range of about 20-75°C in an atmosphere having a relative
humidity of about 25-80% for at least & months, for at least 12 months, for at least 18 months, for
at least 24 months, or prior to a commercially acceptable expiration date for the composition,

[00275] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula ¥ and an antioxidant system, wherein the antioxidant system
s present in an amount sufficient to maintain the amount of the compound of Formula I present
in the composition at or below 0.5%, 0.4%, 0.3%, 0.2%, or 0. 1% {(by HPL{C) relative to the
amount of the compound of Formula I, upon storage of the composition in a closed container
stored at a temperature of 25°C in an atmosphere having a relative humidity of 60% for at least 6
months, for at least 12 months, for at least 18 months, for at least 24 months, or priorto a
commerscially acceptable expiration date for the composition.

[00276] In some embodiments, the aquecus ophthalmic pharmaceutical composition
comprises a compound of Formula I and an antioxidant system, wherein the antioxidant system
is present in an amount sufficient to maintain the amount of the compound of Formula I present
tn the composition at or below (.5%, 0.4%, 0.3%, 0.2%, or 0.1% {by HPLC) relative to the
amount of the compound of Formula §, upon storage of the composition in a closed glass vial
stored at a temperature of 25°C 1n an atmosphere having a relative humidity of 60% for at least 6
months, for at least 12 months, for at least 18 months, for at least 24 months, or priorto a
commercially acceptable expiration date for the composition.

(00277} In some embodiments, the agueous ophthalmic pharmaceutical composition
comprises a compound of Formula I and an antioxidant system, wherein the antioxidant system
is present to an amount sufficient to mairdain the arvount of the compound of Formula I present
in the composition at or below 0.5%, 0.4%, 0.3%, 0.2%, or . 1% {(by HPLC) relative to the
amount of the compound of Formula {, upon storage of the composition in a closed container
stored at a temperature of 40°C in an atmosphere having a relative humidity of 75% for at least 6
months, for at ieast 12 months, for at least 18 months, for at least 24 months, or prior to a

commercially acceptable expiration date for the composition.
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[00278] In some embodiments, the aguecus ophthalmic pharmaceutical composition
comprises a compound of Formaula [ and an antioxidant system, wherein the antioxidant system
is present tn an amount sufficient to maintain the amount of the compound of Fornmula I present
in the composition at or below 0.5%, 0.4%, 0.3%, 0.2%, or 0. 1% (by HPL(C) relative to the
amount of the compound of Formula 1, upon storage of the composition in a closed glass vial
stored at a temperature of 40°C 1n an atmosphere having a relative hunudity of 75% for at least 6
months, for at feast 12 months, for at least 18 months, for at least 24 months, or priorfoa
commercially acceptable expiration date for the composition.

[00279] In some embodiments, the aqueous ophthalimic pharmaceutical composition
comprises a compound of Formula | and an antioxidant system, wherein the antioxidant system
is present in an amount sufficient to maintain the amount of the compound of Formula 1T present
in the composition at or below 0.5%, 0.4%, 0.3%, 0.2%, or (.1% (by HPLC) relative to the
amount of the compound of Formula I, upon storage of the composition in a closed container
stored at a temperature of 25°C in an atmosphere having a relative humidity of 40% for at least 6
months, for at least 12 months, for at least 18 months, for at least 24 months, or prior to a
commercially acceptable expiration date for the composttion.

[00280] in some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formulda | and an antioxidant system, wheretn the antioxidant system
is present in an arpount sufficient to maintain the amount of the compound of Formula I present
in the composition at or below 0.5%, 0.4%, 0.3%, 0.2%, or 0. 1% {(by HPLC) relative to the
amount of the compound of Formula 1, upon storage of the composition in a closed LI3PE bottle
stored at a temperature of 253°C in an atmosphere having a relative humidity of 40% for at least 6
months, for at least 12 months, for at least 18 months, for at least 24 months, or priorto a
commercially acceptable expiration date for the composition.

[00281] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula ¥ and an antioxidant system, wherein the antioxidant system
is present in an arnount sufficient to maintain the amount of the compound of Formula Il present
in the composition at or below 0.5%, 0.4%, 0.3%%, 0.2%, or 0.19% {(by HPLC) relative to the
amount of the compound of Formula 1, upon storage of the composition in a closed container

stored at a temperature of 40°C in an atimosphere having a relative humidity of 25% for at least 6
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months, for at least 12 months, for at least 18 months, for at least 24 months, or prioric a
commercially acceptable expiration date for the composition.

[00282] In some embodiments, the aqueous ophthalmic pharmaceutical composition
comprises a compound of Formula T and an antioxidant system, wherein the antioxidant system
is present in an amount sufficient to maintain the amount of the compound of Formula I present
in the composition at or below 0.5%, 0.4%, 0.3%, 0.2%6, or 0. 196 (by HPLC) relative to the
amount of the compound of Formula 1, upon storage of the composition in a closed LIPE bottle
stored at a temperature of 40°C in an atmosphere having a relative humidity of 25% for at least 6
months, for at least 12 months, for at least 18 months, for at least 24 months, or priorto a
commercially acceptable expiration date for the composition.

[00283] In some embodiments, the aqueous ophthalmic pharmaceutical compositions
of the disclosure are individually packaged, in pre-sterilized, clear, 30 pl to 50 ul droppers,
such as 40 ul droppers.

[00284] In some embodiments, the aqueous ophthalmic pharmaceutical compositions

Formula (0) ophthalmic solution.  In some embodiments, the kit comprises 3-10 vials, e.g., 4 or
5 vials that contain 2-5 mL {e.g, 3 or 4 mL} of the compound of Formula (1) as a 0.03-0.04%
{e.g., 0.034%) ophthalmic solution. Each vial 15 used once per day of dosing.

[00285] In some embodiments, the aqueocus ophthalmic pharmaceutical compositions
of the disclosure are stored at between 13°C to 36°C {59° F o B6°F).

[00282] in some embodiments, the dose of the agueous ophthalmic pharmaccutical

compositions of the discliosure is one drop per eve per day.

Examples

[00283] The following examples are provided to provide a better understanding of the
subject matter described herein. These examples should not be considered to limit the described
subject matter. 1t is understood that the examples and ermmbodiments described herein are for

tliustrative purposes only and that various moeditications or changes in light thereof will be
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apparent to persons skilled in the art and are to be included within, and can be made without
departing from, the scope of the present invention,

HPLC methods:

[00284] HPLC analyses are performed using an Agilent HPLC system equipped with a
UV detector monitoring 264 nm.

[00285] The chromatographic separations arg performed oo a system using a Welch 4.6
mm x 50 mm ghostbuster column, a Phenomenex U8, 4.0 mm x 3.0 mm pre-column, and a Halo
C8, 4.6 mm < 150 mum, 2.7 um analytical column. The column heater 1s maintained at 40°C and
the flow rate is 1.0 mL/min.

[00286] The sample is eluted using a gradient comprising a linear gradient of 0 10 20%
eluent B over 13 minuies, followed by 20 to 90% eluent B over 27 minutes, {ollowed by 90 (o
0% eluent B in 3 min and was kept for 5 minutes at 100% A for a total run time of 50 minutes.

[06287]  Ehlueut A 15 0.05% perchloric acid in delonized water. Elueut A is prepared
by mixing 0.5 mL of perchloric acid {(70% ACS reagent grade} with 1000nil. of deionized water.
The solution is degassed before use.

[00288] FEluent B is Acetoniirile/methanct (80/20) and is prepared by mixing 800 mi
of acetonitrile (HPLC grade) with 200 mL of methanol (HPLC grade).

[00289] Black solution is prepared by mixing 740 mL of DI water with 260 mL of
ACN.

[00290] Dxiluent is prepared by mixing 900 k. of deionized wator {1 water) and 100
mL of acetonitrile {ACN).

[00291] A stock standard solution of the compound of Formula 118 prepared by
accurately weighing approximately 34.0+ 3 mg of Formula 1 reference standard into a 100 mL
volumetric flask, adding about 50 mL of ACN to dissolve, sonicating if necessary o dissolve the
compound of Formula (1), and then diluting to the mark with ACN.

[00292] A working standard solution of Formula 1 is prepared by adding 5.0 mL of the
stock standard solution into a 25 mb volumetric flask and diluting to the mark with Dnluent,
This standard has a nominal concentration of Formula 1 of about 68 pg/ml. The concentration

of Formula I in the working standard solution, or Csid (in micrograms per mulliliter), e
, P kl
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calculated by multiplying the concentration of Formula 1 in the stock standard solution (Ws#d
{mgy 100 mL} by (1) the weight Y% purity of the corspound of Formula (I} reference standard
used to make the stock standard solution {purity), by (2} the dilution factor of 5 mL/25 mL,
which s the volume of stock standard solution divided by the volume of working standard
solution, and by (3) the ug to mg conversion factor 1000 ug/mg. This relationship is shown by
the equation:

mi,

- Wstd . -
Cstd (Eﬁ-) = o x purity x 5.0

Lt T Tonael x 1000ug fmg,

25mi
where Ws#d s the weight of the compound of Formula (I) reference standard in mg, and prrify 18
the purity of the Formula I reference standard.

[00293] A check standard solution is prepared in the same manner as the working
standard solution.

[00294] A limit of gquantitation {L.OQ) solution is prepared by adding 2.0 mL of the
working standard 10 a2 100 mE volumetric flask and dituting to the mark with blank solution. 2.5
ml of the resulting mixture is added to a 50 mL volumetric flask and diluted to the mark with
blank solution.

[00295] The sample solution is prepared by adding 4.0 mL of a composition of the
tnvention to a 20 mi volumetric flask, adding 4 mL of ACN, sonicating for 10 minutes, and then
diluting to the mark with Diluent. The sample solution has a nominal concentration of the
compound of Formula (1) of 68 pg/mi.

[00296] The sample solution injection is bracketed by injections of the working
standard solution.

[00297] The % of label claim (label claim is the labeled concentration of Formula 1) is
calculated as

Aspl {(CstdY(DV)

8ol = 2 X
AL = d  epD 600y (LTS~

100

wherein:
Aspl = Peak area of Formula §in Sample;
Astd = average peak area of Formula [ in two bracketing working standard
solution injections;

Csid = concentration of working standard solution in pg/mi.;

- 44 -
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DV - dilution volume of the sample; 20 mL;
Vspl = sample volume, 4.0 miL;
LC = iabel claim, 0.34 myg/mL; and
1000 = conversion ug/mg.
[00298] The %% impurity {weight %) is calculated

Aimp Cstd) (DY)
ST MP = ek Lestd) (DY,

Bkt x 100
Astd - (VspD(10003(LEVRRIY ©

wherein:

Aimp = Peak area of an individual impurity in Sample;

Astd = average peak area of Formula I in two bracketing worlang standard

solution injections,

Cstd = concentration of working standard solution in pg/mi;

DV — dilution volume of the sample; 20 mE;

Vapl = sampie volume, 4.0 mL;

LC = iabel claim, 0.34 mg/ml;

1000 = conversion pg/mg; and

RRF = relative response factor of individual impurity (= 1.00 for Formula I}
[00299] The % total impurities = the sum of the % individual impurities.

Example 1.

[00300] The solubtlity of the compound of Formula | in various materials is
determined.

[006301] These sindies show that Formula 1 has poor aquecus solubility (<0.01 mg/mL
in water), and among the solvents examined, the solubility 15 highest in polyethyvlene glyeol 400
{145 mg/mL}, followed by propviene glveol (496 mg/mL), Castor oil {1 09 mg/ml), 7%
polyoxyl40 stearate in water (0.62 mg/mL) and 5% Polyoxyl 35 castor oil in water (0.48
mgfml). The solubility results are shown in the table below:

[00302]

Table A: Solubility evaluation of Formula §
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Sample Name Sﬂhﬁ?}%ﬁty in
mg/mb

Purified water ND
pH 3 0 Buffer N3
pH 4.0 Butter ND
pH 5.0 Buffer ND
pH 6.0 Bufier ND
pH 6.5 Buffer ND
pH 7.0 Buffer N
pH 7.4 Buffer ND
pH 8.0 Buffer N3
pH 8.5 Buffer IND
Polyethylene glyedl 400 (PEG-400) 145
Propylene Glycol (PG 4.96
Glycering 0.10
Mineral (il 0.04
Castor il 1.09
%% Polysorbate-80 wn water 0.10
(. 5%Hypromellose in water N
1.4% Poly Vinyl Alcohol in water 0.01
0.2% Poloxamer in water 0.01
0.5%Polyoxyl 40 hydrogenated 0.07
Castor il in water o
TPolyoxyl 40 stearate in water 0.62
S%Polyoxyl 35 castor 01l in water 0.48
0.5% Sodium CMC in water (.00

*IND- Not detected (HPLC with UV detector}

Exampie 2.

[00303] Experiments are conducted using ascorbyl palmitate and EDTA n differing
amounts.

[00304] Polyoxyl 40 stearate is also evaluated as a solubilizer for Formula [

S i : fe | . - : ie

Ean;p € S«m;p ¢ Sample 7} Sample 8 [Sample @ Sdf:}p ¢
Engredient e wiv Ye wiv | To wiv Yo wiv Yo wiv | Yo wiv
Formula | 0.01 (.04 (.01 (.01 G.01 0.01
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& I‘S i 15& ~ S
Sample &‘mzp}e Nample 7f Xample 8 [ Sample 9 ample
4 5 20
Ingredient Yo wiv Y% wiv | Yo w/v Yo wiv Yo wiv | Yo wly
Polyoxyl %5 Castor 50 56 5
Oil ’ ' )
Polvoxyl 40 70 70 70
stearate
PEG-400 1.0 1.0 1.0 1.0 1.0 1.0
Propyiene Glycol 1.0 1.0 1.0 10 1.0 1.0
Sodium Chionde 0.2 0.2 0.2 02 0.2 0.2
Sodium CMC . ~ .
{ 3 9] 5
(Cekol 150) 0.3 0.3 0.3 0.3 0.3 0.3
Ascorbyl Palmitate 0.02 0.02 0.02 0.02
Disodium EDTA
r\r" S
dihvdrate 0.23 0.2:
Phosphate Buffer QS to Q8 to QSto 10510 106 i0St0 100 QS w
pH 7 4 100 ml. § 160 mL § 100 ml. mlL mk 100 mL
[00305] Accelerated siability data at 50°C indicate that in these compositions, a

combination of ascorbyl palmitate and EDTA iraproves the stability of the composition.

[00306]

Compositions containing both ascorbyl palmitate (0.02% w/v) and disodium

EDTA dihydrate (0.25% w/v) in the composition are found to be stable at all the storage

conditions {i.e., 25°C/60% RH and 40°C /75% RH ) and packaging configurations [1.¢., glass

vials & LDWPE containers] up to 3 months of study duration.

Example 3.

[00307] Sodium thiosulfate pentahydrate (ST5) 15 evaluated (1.e., 0.0%- 0.2% w/v)
along with different levels of disodium EBTA dihydrate (0.05%-0.20%) in the formulation.
Sample | Sample | Sample | Sample | Sample | Sample
209 910 11 912 913 914
fngredient Y WiV Yowlv | owl | %hwh Y% owiv | Y% wiv
Formula [ 0.034 0.034 0.034 0.034 0.034 0.034
Sl vavv! 3
Polyoxyl 33 N/A N/A N/A N/A N/A 5.0
Castor O
- 47 -
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Sample | Sample | Sample | Sample | Sample | Sample
2949 S0 911 12 913 214
Ingredient e wiv Yewlv | Tewlv | wiv | Yewl | Ybowiv
Palyoxyl 40 5.0 5.0 5.0 5.0 5.0 N/A
stearate
PEG-400 1.0 1.0 1.0 1.0 1.0 1.0
Propylene 1.0 1.0 10 1.0 1.0 1.0
{lyeol
g}ﬁiié 0.05 0.05 0.05 0.05 005 | 005
Sodium CMC “ - “ N o o
(Cekal 150) 03 03 03 0.3 0.3 03
Sodium
thiosulfate N/A N/A N/A 0.2 0.2 N/A
pentahvdrate
Ascarbyl N/A NA | WA | wA | WA | ooz
Palmitate
Disodium
EDTA 0.20 G100 0.05 0.05 0.10 0.10
dihvdrate
Sodium
dibydrogen 0.0262 | 0.0262 | 0.0262 | 0.0262 | 0.0262 | 0.0262
phosphate
monohydrate
BDiscdium
phosphate 3.115 G.115 3.115 .115 3.115 0115
anhvdrous
Water for O} S {o 0SSt [Q5tw 100 QSto 35 1o
injection 100 L. 100 mL. | 100 ml ml 100 ml | 100 mi

[00308] The composition containing sodium thiosulfate pentabydrate (3.2%) and
disodium EDTA dihydrate (¢.196) 1s stable at all storage conditions in glass vials (i.e, 2-8°C,
25°C/60% RH, 40°C/75% R} and LDPE (1.e., 2-8°C, 25°C/40% RH, 407C/25% RH} packaging

containers up to 3 months of study duration.

Example 4.

[00309] The compositions of the invention may be prepared using conventional

techniques. For example, a solution of the compound of Formula I in PEG-400 and propylene
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glycol is prepared by adding Formula § to a mixture of PEG-400 and propvlene glycol with stirring.
The reaulting sclution is mixed with a solution of polyoxyl 40 stearate and a portion of the water
used in the composition.
dihvdrogen phosphate monohyvdrate, disodium phosphate anhvdrous, sodium CMC, sodium
chloride, sodium thiosulfate pentabydrate, and disodium EDTA dihydrate to give a final sclution
which sterilized by filtration (0.2 ym PES filtery. The filtered sclution 1s filled into vials under

asepiic conditions and sealed. The composition 15 packaged in a S-mL, 20 mum, USP Type |, clear

WO 2021/113580
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The resulting solution is mixed with a solution of water, sodium

glass vial {silica coated) with a 20 mm gray stoppers and 20 mm Flip-off Seals.

[00310] The composition comprises the following ingredients:

[00311] The compound of Formula T used in this composition is spiked with about 2%

Ingredient %o wiv
Formula I 0.034
Polyoxyl 40 stearate 5.00
PEG-400 1.00
Propylene Glycol 1.00
Sodium Chioride 0.05
Sodivm CMC (Cekol 150} 0.30
Sodiurn thiosulfate pentahydrate .20
Drsodium EDTA dihydraie 010
Sodium ii}i};ic{i;;%iztihasphate 00962
Disodium phosphate anhydrous 0115

Water for injection

QSto 100 mL

of the compound of Forraula 11

CA 03160484 2022-6-2
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Test 3-Month
Fest ‘s
H 11 3 y S g o
Parameter mitis 3 8O 2EU/68% | 4000 "?’ﬁy"
RH RH
Clear. Colorless Clear, Clear, Clear,
Appearance : ‘i;»h; fion > Colorless | Colorless | Colorless
R Seolution Solution Solution
‘LA‘*EES;;' ;33" 94 3% 94.1% 94.9% 94.8%
Degradation
products-
HPLC
Formula i} 1.77% 1.78% 1.79%a 1.80%
Total
diﬁ‘a{gﬁi“ 2.2% 2.2% 2 2% 2.9%
roducts
{(>0.05%)
Sodium
Thicsulfate 97 5% 98 3% 98 1% 97 5%
{Content
Sodium
EDTA 100.4% 99 6% 99 7% 99 4%
Conteunt
pH 7.6 7.1 71 7.0
Osmolality 300 mOsm/kg
L210pm: 2
] particies/mi
Particulate 2 o8ume 1
Matter a
3.250um: O
particles/mi
Viscosity 53 cps
. Meets
Sterility USP<71>requirements

[00313] In some embodiments, the disclosure is directed to the following aspects:

- 50 -
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Aspect 1. An ophthalimic pharmaceutical composition comprising

{a} a compound of Formula }

N
F N”L\\N =
F'i?(\O”U\N”L\NQ
F " M

or a pharmaceutically acceptable acid addition salt thereof, in a concentration in said
composition effective to treat an ocular disease or condition,

{b) water,

(¢} a solubilizer,

{d} a co-solvent, and

{g} an antioxidant system.

Aspect 2. The ophthalinic composition of aspect 1, wherein said composition comprises a

compound of Formula L

Aspect 3. The ophthalmic composition of aspect 1, wherein said composition comprises a

pharmaccutically acceptable acid addition salt of a compound of Formuia L

Aspect 4. The ophthalmic composition of any one of the preceding aspects, wherein the

solubilizer 1s a surfaciant.

Aspect 3. The ophthalmic composition of any one of the preceding aspects, wherein the

solubilizer is a non-ionic surfactant.

Aspect 6. The ophthalmic composition of any one of the preceding aspects, wherein the
solubilizer is a polyoxyethylene fatty ester, a polyoxyethylene hydrogenated castor oil, a
polyoxyethylene polyoxypropyviene glveol, a polyoxyl stearate, a polyoxyl

hydroxystearate, a poloxamer, a povidone, or a combination thereof.
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Aspect 7. The ophthalmic compaosition of any one of the preceding aspects, wherein the
solubilizer 18 poly{oxyethylene)sorbitan monooleate, poly{oxyethylene)sorbitan
monostearate, poly(oxyethylene)sorbitan monopalmitate, poly{oxyethylenejsorbitan
mounolaurate, poly{oxyethyleneysorbitan trioleate, poly{oxyethylene)sorbitan tristearate,
polyoxyethylene hydrogenated castor aif 10, polyoxyethylene hvdrogenated castor oil 35
{i.e, polvoxyl 35 castor oil}, polyoxyethylene hydrogenated castor oil 40,
polyoxyethyvlene hydrogenated castor ol 50, polvoxyethylene hydrogenated castor oil 60,
polyvoxyethylene (160} polyoxypropylene {30} glveol, polvoxyethvlene {42}
polyoxypropylene (67) glycol, polyoxyethylene (54) polyoxypropylene (39} glycol,
polyoxyethylene (196) palyoxypropylene (67) glveol, polyoxyethylene (203
polyvoxypropylene (20) glycol, polyoxyl 40 stearate, polyoxyl 15 hydroxystearate,

povidone K30, povidone K90, poloxamer 407, poloxamer 188, or a combination thereof.

Aspect 8. The ophthalmic composition of aspect 7, wherein the solubilizer is polyoxyl 35

castor oil, polvexyl 40 stearate, or a combination therenf

Aspect 9. The ophthalimic composition of aspect 8, wherein the solubilizer is polyoxyl 35

castor oil.

Aspect 10. The ophthalmic composition of aspect 8, wherein the solubilizer is polyoxyl 40

stearate.

Aspect 11. The ophthalmic composition of any one of the preceding aspects, wherein the co-

solvent 1s a water soluble organic solvent.
Aspect 12. The ophthalmic composition of any one of the preceding aspects, wherein the co-
solvent is one or more of propylene glycol, polyethylene glycol, glycerin, ethanol, or

benzyl alcohol.

Aspect 13 The ophthalmic composition of aspect 12, wherein the polyethylene glycol is one

or more of PEG-400, PEG-300, PEG-4000, or PEG-8000.
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Aspect 14. The ophthalmic composition of any one of the preceding aspects, wherein the co-

solvent is one or more of propylene glycol or PEG-400.

Aspect 15. The ophthalmic composition of aspect 14, wherein the co-solvent is propylene

glycol.

Aspect 16, The ophthalmic composition of aspect 14, wherein the co-solvent is PEG-400.

Aspect 17. The ophthalmic composition of any one of the preceding aspects, wherein the
antioxidant system comprises one or more of sodium bisulfite, sodium metabisulfite,
sodium thicsulfate or hydrates thereof, sodium sulfite, sodium sulfate, ascorbyl palmitate,
cthylenediaminetetraacetic acid (EDTA} or salts thercof, citric acid or salts thereof, or

ascorbic acid or salts thereof

Aspect 18 The ophthalmic composition of aspect 17, wherein the antioxidant system

comprises EDTA.

Aspect 19 The ophthalmic composition of aspect 17, wherein the antioxidant system

comprises sodium thiosulfate pentahydrate.

Aspect 20. The ophthalmic composition of aspect 17, wherein the antioxidant system

comprises ascorbyl palmitate.

Aspect 21. The ophthalmic composition of aspect 17, wherein the antioxidant system

comprises ascorbyl palmitate and disodium EDTA or a hydrate thereof

Aspect 22. The ophthalimic composition of aspect 17, wherein the antioxidant system

comprises sodium thiosulfate pentahydrate and disodium EIXTA or a hydrate thereof

Aspect 23. The ophthalmic composition of any one of the preceding aspects, further

comprising a tonicity agent.

H
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Aspect 24. The ophthalmic composition of aspect 23, wherein the tonicity agent is sodium

chloride, potassium chloride, dexirose, mannitol, or glycerin.

Aspect 25. The ophthalmic composition of aspect 24, wherein the tonicity agent is sodium

chioride.

Aspect 26. The ophthalmic compaosition of any one of the preceding aspects, further

coruprising a viscosity agsnt.

Aspect 27. The ophthalmic composition of aspect 26, wherein the viscosity agent is
hydroxyethylcellulose (HEC), hydroxypropyl methylceliulose (HPMC) { 5 cps, 4000 cps,
15000 cps); hypromeliose, methyleellulose, carboxymethyl cellulose (CMC) sodium (1.e,
sodium CMC), polyvianyl alcohol (PYV A}, polyvinyl pyrrolidione (PVP, or povidone},
povidone K39, povidone K90, carbomer 940, carbomer 974P, carbomer 980, povidone

K30, povidone K90, gellan gum, or xanthan gum.

Aspect 28, The ophthalmic composition of aspect 27, wherein the viscosity agent is

carboxymethyl cellulose (CMC) sodium.

Aspect 29, The ophthalmic composition of any one of the preceding aspects, further

comprising a buffering agent.

Aspect 30. The ophthalmic composition of aspect 29, wherein the buffering agentisa

phosphate buffer, a citrate buffer, an acetate buftfer, or a borate buffer

Aspect 31. The ophthalmic composition of aspect 30, wherein the buffering agentis a

phosphate buffer.

Aspect 32. The ophthalmic composition of aspect 31, wherein the phosphate buffer

comprises sodium dihydrogen phosphate and disodium phosphate.
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Aspect 33. The ophthalmic composition of anyone of the preceding aspects, wherein said

composition has a pH within the range 4.0 - 8.0,

Aspect 34. The ophthalmic composition of aspect 33, wherein said composition has a pH

within the range 6.5 - 7.5

Aspect 35. The ophthalmic compaosition of anyone of the preceding aspects, wherein said

composition has osmolality within the range 200 - 600 (mGsm/kg).

Aspect 36. The ophthalmic composttion of aspect 35, wherein said composition has

osmolality within the range 250 — 350 (mOsnvkg).

Aspect 37. The ophthalmic composition of any one of the preceding aspecis, wherein the
compound of Formula (I}, or a pharmaceutically acceptable acid addition salt thereof, is

present in a concentration of 8.005 — 0.1 % (w/v}, on a compound of Formula I basis.

Aspect 38 The ophthalmic composition of any one of the preceding aspects, wherein the

antioxidant system is present in a concentration of 0.01 — 0.6 %% {(w/v).

Aspect 39. The ophthalmic composition of any one of the preceding aspects, wherein said
composition contains not more than 0.2% (by HPLC) of any single impurity, relative to
the amount of the compound of Formula I after storage in a closed container for at least 6
months, for at least 12 monthg, for at least 18 months, for at least 24 months, or priorto a

commercially acceptable expiration date for the composition.

Aspect 40. The ophthalmic pharmaceutical composition of aspect 39, wherein said
composition contains not more than 0.2% (by HPLC) of any single impurity, relative to
the amount of the compound of Formula [, after storage in a closed container prior to a

commercially acceptable expiration date for the composition.
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Aspect 41. The ophthalmic pharmaceutical composition of aspect 40, wherein the storage in a

closed countainer is at a temperature in the range of about 20-75°C.

Aspect 42. The ophthalmic pharmaceutical composition of aspect 40 or aspect 41, wherein
the storage in a closed container 13 in an atmosphere having a relative homidity of about

25-80%.

Aspect 43. The ophthalmic pharmaceutical composition of any one of aspects 40 (0 42,
wherein the storage in a closed container is at a temperature of 25°C in an atmosphere
having a relative humidity of 60%; or at a temperature of 40°C in an atmosphere having a
relative humidity of 75%; or at a temperature of 25°C in an atmosphere having a relative
humidity of 40%:; or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

Aspect 44. The ophthalmic pharmaceutical composition of any one of aspects 40 10 43,

wherein the closed container is a capped glass vial,

Aspect 45. The ophthalmic pharmaceutical composition of any one of aspects 40 10 43,

wherein the closed container 1s a capped LDPE bottle.

Aspect 46, The ophthalmic composition of any one of the preceding aspecis, wherein said
composition contains not more than 0.5%, preferably not more than 6.2%, (by HPLC) of
the compound of Formula I, relative to the amount of the compound of Formula 1, after
storage in a closed container for at least 6 months, for at least 12 months, for at least 18
months, for at least 24 months, or prior to a commercially acceptable expiration date for

the composition;

NH,
: L

F NN 3
& AG’/}J\NI’J\NM
= e!

(11).
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Aspect 47. The ophthalmic pharmaceutical composition of aspect 46, wherein said
composition contains not more than 0.5%, preferably not more than 0.2%, {(by HPLC) of
the compound of Formula Ii, relative to the amount of the compound of Formula 1, after
storage i a closed container prior to a commercially acceptable expiration date for the

composition.

Aspect 48 The ophthalmic pharmaceutical composition of aspect 47, wherein the storage in a

closed container is at a femperature in the range of about 20-75°C.

Aspect 49 The ophthalmic pharmaceutical composition of aspect 47 or aspect 48, wherein
the storage in a closed container is in an atmosphere having a relative humadity of about

25-80%.

Aspect 530. The ophthalmic pharmaceutical composition of any one of aspects 47 to 49,
wherein the storage in a closed container is at a temperature of 253°C in an atmosphere
having a relative humidity of 60%; or at a temperature of 40°C in an atmosphere having a
relative humidity of 75%:; or at a temperature of 25°C in an atmosphere having a relative
humidity of 40%, or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

Aspect 51. The ophthalmic pharmaceutical composition of any one of aspects 47 to 50,

wherein the closed container is a capped glass vial,

Aspect 32. The ophthalmic pharmaceutical composition of any one of aspects 47 1o 30,

wherein the closed container is a capped LDPE bottle.

Aspect 53, The ophthalmic composition of any one of the preceding aspects, wherein said
composition contains not more than 2.0%, preferably not more than 1.0%, (by HPLC) of
total impurities, relative to the amount of the compound of Formula I after storage ina

closed container for at least & months, for at least 12 months, for at least 18 months, for at

H

1%,

<
i
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least 24 months, or prior to a commercially acceptable expiration date for the

cormposition.

Aspect 54. The ophthalmic pharmaceutical composition of aspect 53, wherein said
composition contains not more than 2.0%, preferably not more than 1.0%, (by HBLC) of
total trmpurities, relative to the amount of the compound of Formula [, after storage in a

closed container prior to a comunercially acceptable expiration date for the composition.

Aspect 55 The ophthalmic pharmaceutical composition of aspect 54, whergin the storage in a

closed container is at a temperature in the range of about 20-753°C.

Aspect 56. The ophthalmic pharmaceutical composition of aspect 54 or aspect 55, wherein
the storage in a closed container is in an atmosphere having a relative humidity of about

25-80%.

Aspect 57. The ophthalinic pharmaceutical composition of any one of aspects 54 to 50,
wherein the storage in a closed container is at a temperature of 23°C in an atmosphere
having a relative humidity of 60%, or at a temperature of 40°C in an atmosphere having a
relative humidity of 75%; or at a temperature of 25°C in an atmosphere having a relative
humidity of 40%,; or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

Aspect 58 The ophthalmic pharmaceutical composition of any one of aspects 54 1o 57,

wherein the closed container is g capped glass vial.

Aspect 539 The ophthalmic pharmaceutical composition of any one of aspects 54 to 57,

wherein the closed container is a capped LDPE bottle.

Aspect 60. An aqueous ophthalmic composttion comprising a compound of Formula I

CA 03160484 2022-6-2
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and not more than 0.5%, preferably not more than 0.2%, (by HPLC) of the compound of

Formula I,
NH,

F N’j\

N e E
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relative to the amount of the compound of Formula 1 after storage in a closed container
for at least 6 months, for at least 12 months, for at least 18 months, for at least 24 months,

or prior o a commercially acceptable expiraiion date for the composition.

Aspect 61 The aqueous ophthalmic composition of aspect 60, wherein said composition
comprises not more than 0.5%, preferably not more than 0.2%, (by HPLC) of the
coippound of Fornuda 1T, relative (o the amount of the compound of Foronila § aller
storage in a closed container prior to a commercially accepiable expiration date for the

composition.

Aspect 62. The aqueous ophthalmic composition of aspect 61, wherein the storage in a closed

container is at a temperature in the range of about 20-75°C.

Aspect 63. The aqueous ophthalmic composition of aspect 61 or aspect 62, wherein the
storage in a closed container is in an atmosphere having a relative humidity of about 25-

30%.

Aspect 64 The aqueocus ophthalmic composition of any one of aspects 61 to 63, wherein the
storage 1n & closcd container 15 at a tomperature of 25°C in an atmosphere having a
relative humidity of 60%; or at a temperature of 40°C in an atmosphere having a relative

humidity of 75%:; or at a temperature of 25°C in an atmosphere having a relative



CA 03160484 2022-6-2

WO 2021/113580 PCT/US2020/063218

humidity of 40%; or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

Aspect 65. The aqueous ophthalmic composition of any one of aspects 61 to 64, wherein the

closed container is a capped glass vial,

Aspect 66. The aqueous ophthalmic composition of any one of aspects 61 to 64, wherein the

closed container is a capped LDPE bottle,

Aspect 67. An aquecus ophthalmic composition comprising a compound of Formula {

HN-T

SRl
F/‘?(\O)\N’?ki\ [y
i )

and an antioxidant system, wherein the amount of the compound of Formula I,
NH,

SN
I )\hfﬂ

F/x\‘@

(I1) present in said composition does not increase by more
than 200% as measured by HPLC, upon storage of said composition in a closed container
for at least 6 months, for at least 12 months, for at feast 18 months, for at least 24 months,

or prior to a commercially acceptable expiration date for the composition.

Aspect 68 The agueous ophthalmic composition of aspect 67, wherein storage of said

composition in a closed container is prior to a commercially acceptable expiration date

for the compogsition,
Aspect 69. The aqueouns ophthalmic composition of aspect 67 or aspect 68, wherein storage

of said compesition in a closed container is at a temperature in the range of about 20-

750,

- 60 -
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Aspect 70. The aqueous ophthalmic composition of any one of aspects 67 to 69, wherein
storage of satd composttion in a closed container is in an atruosphere having a relative

humidity of about 25-80%.

Aspect 71. The agueous ophthalmic composition of any one of aspects 67 to 70, wherein the
storage in a closed container is at a temperature of 25°C in an atmosphere having a
relative humidity of 60%; or at a temperature of 40°C in an atmosphere having a relative
hunmdity of 75%,; or at a temperature of 25°C i an atmosphere having a refative
humidity of 40%:; or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

Aspect 72. The ophthalmic pharmaceutical composition of any one of aspects 67 to 71,

wherein the closed container is a capped glass vial,

Aspect 73. The ophthalinic pharmaceutical composition of any one of aspects 67 to 71,

wherein the closed container is a capped LDPE bottle.

Aspect 74, An agueous ophthalmic composition comprising a compound of Formula ¢

HNT

F N”gN
|
" ' (1)
and an antioxidant system, wherein said antioxidant system 1s present in an amount

sufficient to maintain the amount of the compound of Formula [,

N,
PReNe
o

(1) present n said composition at or below 0.5%,
preforably at or below 0.2%, (by HPLC) relative to the amount of the compound of

Formula §, upon storage of said composition in a closed container for at least &6 months,

-61 -
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for at least 12 months, for at least 18 months, for at least 24 months, or priortoa

commercially accepiable expiration date for the composition.

Aspect 75. The aqueous ophthalmic composition of aspect 74, wherein storage of said
composition in a closed container is prior to a commercially acceptable expiration date

for the composition.

Aspect 76. The aqueous ophthalmic composition of aspect 74 or aspect 75, wherein storage
of said composition in a closed container is at a temperature in the range of about 20-

75°C.

Aspect 77. The aqueous ophthalmic composition of any one of aspects 74 to 76, wherein
storage of said composition in 2 closed container is in an atmosphere having a relative

humidity of about 25-80%.

Aspect 7&. The aqueous ophthalmic composition of any one of aspects 74 to 77, wherein the
storage in a closed container is at a temperature of 25°C in an atmosphere having a
reiative humidity of 60%; or at a temperature of 40°C in an atmosphere having a relative
humidity of 75%; or at a temperature of 25°C in an atmosphere having a relative
humidity of 40%,; or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

Aspect 79. The ophthalmic pharmaceutical composition of any one of aspects 74 to 7§,

wherein the closed container is g capped glass vial.

Aspect 80 The ophthalmic pharmaceutical composition of any one of aspects 74 to 78,

wherein the closed container is a capped LDPE bottle.

Aspect 81. The ophthalmic pharmaceutical composition of any one of aspects 39-80, wherein

by HPLC is by HPLC area %.

&3 -

CA 03160484 2022-6-2



WO 2021/113580 PCT/US2020/063218

Aspect 82. The ophthalmic pharmaceutical composition of any one of aspects 39-80, wherein

by HPLC is by HPLC weight %.

CA 03160484 2022-6-2
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What is claimed:

An ophthalmic pharmaceutical compostiion comprising
{a} a compound of Formula I

N
F/E“\/“\G/“\N{?E\N S
i ; M

or a pharmaceutically acceptable acid addition salt thereof, in a concentration in said
composition effective to treat an ocular disease or condition,

(b) water,

{c} a sclubilizer,

{d) a co-solvent, and

(¢} an antioxidant system.

The ophthalmic composition of ¢laim 1, wherein said composition comprises a

compound of Formula 1

The ophthalmic composition of claim 1, wherein said composition comprises a

pharmaceutically acceptable acid addition salt of a compound of Formula L

The ophthalmic composition of claim 1, wherein the solubilizer is a surfactant.

The ophthalmic composition of claim 4, wherein the solubilizer is a non-ionic surfactant,
The ophthalmic composition of claim 1, wherein the solubilizer 15 a polyoxyethylens
fatty ester, a polyoxyethylene hydrogenated castor oil, a polvoxyethylene

polvoxypropylene glycol, a polyoxyl stearate, a polyoxyl hydroxystearate, a poloxamer, a

povidone, or a combination thereof
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The ophthalmic composition of claim 1, wherein the solubilizer is
polv{oxyethylene}sorbitan monooleate, poly{oxyeihylenejsorbitan monostearaie,
poly{oxyethylenesorbitan mounopalmitate, poly{oxyethylene)sorbitan monolaurate,
poly{oxyethylenelsorbitan trioleate, polv{oxyvethylene)sorbitan tristcarate,
polyoxyethylene hydrogenated castor aif 10, polyoxyethylene hvdrogenated castor oil 35
{i.e, polvoxyl 35 castor oil}, polyoxyethylene hydrogenated castor oil 40,
polyoxyethyvlene hydrogenated castor ol 50, polvoxyethylene hydrogenated castor oil 60,
polyvoxyethylene (160} polyoxypropylene {30} glveol, polvoxyethvlene {42}
polyoxypropylene (67) glycol, polyoxyethylene (54) polyoxypropylene (39} glycol,
polyoxyethylene (196) palyoxypropylene (67) glveol, polyoxyethylene (203
polvoxypropylene (20) glycol, polyoxyl 40 stearate, polyoxyl 15 hydroxystearate,
povidone K340, povidone K90, poloxamer 407, poloxamer 188, or a combination thereof.
The ophthalmic composition of claim 7, wherein the solubilizer is polyoxyl 35 castor oil,

polyoxyl 40 stearate, or a combination thereof

The ophthalmic composition of claim 8, wherein the solubilizer is polyoxyl 35 castor oil.

The ophthalmic composition of claim 8, wherein the solubilizer 1s polyoxyl 40 stearate.

The ophthalmic composition of claim 1, wherein the co-solvent is a water soluble organic

solvent.

The ophthalmic composition of claim 1, wherein the co-solvent is one or more of

propylene glveol, polyethylene glyeol, glycerin, ethanol, or benzyl alcohol

The ophthalmic composition of claim 12, wherein the polvethviene glveol 1s one or more

of PEG-400, PEG-300, PEG-4000, or PEG-8000.

The ophthalmic composition of claim 1, wherein the co-solvent is one or more of

propylene glycol or PEG-400.
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15 The ophthalmic composition of claim 14, wherein the co-solvent is propvlene glveol.
16. The ophthalmic composition of claim 14, wherein the co-solvent is PEG-400.
t7. The ophthalmic composition of claim 1, wherein the antioxidant system comprises one or

more of sodium bisulfite, sodium metabisuifite, sodium thiosulfate or hydrates thereof,
sodium sulfite, sodium sulfate, ascorby! palmitate, ethylenediaminetetraacetic acid

(EDTA} or salts thereof, citric acid or salts thereof, or ascorbic acid or salts thereof.

18 The ophthalmic composition of claim 17, wherein the antioxidant system comprises
EDTA.
19. The ophthalmic composition of claim 17, wherein the antioxidant system comprises

sodium thiosulfate pentahydrate.

20 The ophthalmic composition of claim 17, wherein the antioxidant system comprises
ascorbyl palmitate.

21, The ophthalmic compeosition of claim 17, wherein the antioxidant system comprises
ascorbyl palmitate and disodium EDTA or a hydrate thereof.

22. The ophthalmic composition of claim 17, wherein the antioxidant system comprises
sodium thiosulfate pentahydrate and disodiom EDTA or a hydrate thereof

23 The ophthalmic composition of claim 1, further comprising a tonicity agent.

24. The ophthalmic composition of claim 23, whorein thoe tonicity ageont is sodium chloride,
potassium chlorde, dextrose, mannited, or glycerin.

25 The ophthalmic composition of claim 24, wherein the tonicity agent is sodium chloride.

- 665 -
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The ophthalmic composition of claim 1, further comprising a viscosity agent.

The ophthalmic composition of claim 26, wherein the viscosity agent is
hydroxyethylcellulose (HEC), hydroxypropyl methylcellulose (HPMC) (5 cps, 4000 cps,
15000 cps); hypromellose, methylcellulose, carboxymethyl cellulose (CMO) sodium (e,
sodium CMC), polyvinyl alcohol (PVA), polyvinyl pyrrelidiene (PVP; or povidone),
povidone K30, povidone K90, carbomer 940, carbomer 974P, carbomer 980, povidone
K30, povidone K90, gellan gum, or xanthan gum.

7
7

The ophthalmic composition of claim 27, wherein the viscosity agent is carbogymethyl

cellulose {CMC) sodium.

The ophthalmic composition of claim 1, further comprising a buffering agent.

The ophthalmic composition of claim 29, wherein the buffering agent is a phosphate

butfer, a citrate buffer, an acetate buffer, or a borate buffer

The ophthalmic composition of claim 30, wherein the buffering agent is a phosphate

buffer.

The ophthalmic composition of claim 31, wherein the phosphate buffer comprises sodium

dihydrogen phosphate and disodium phosphate.

The ophthalmic composition of any one of claims 1 to 32, wherein said compaosition has a

pH within the range 4.0 — 8.0,

The ophthalmic composition of claim 33, wherein said composition has a pH within the

range 6.5 - 7.5

The ophthalmic composition of any one of claims 1 to 32, wherein said composition has
o 5

osmolality within the range 200 — 600 (mOsnv/kg).

1

a

g
[
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The ophthalmic composition of claim 33, wherein said composition has esmolality within

the range 250 — 350 (mOasm/kg).

The ophthalmic composition of any one of claim 1 to 32, wherein the compound of
Formula (I}, or a pharmaceutically acceptable acid addition salt thereot, is present in a

concentration of 0.005 — 0.1 % (w/v}, on a compound of Formula 1 basis.

The ophthalmic composition of any one of claims 1 to 32, wherein the antioxidant system

is present in a concentration of 0.0 — 0.6 % (w/v).

The ophthalmic composition of any one of claims 1 to 32, wherein said composition

contains not more than 0.2% (by HPLC) of any single tmpurity, relative to the amount of
the compound of Formula 1 after storage in a closed container for at least 6 months, for at
least 12 months, for at least 18 months, for at least 24 months, or prior to a commercially

acceptable expiration date for the composition

The ophthalmic pharmaceutical composition of ¢laim 39, wherein said composition
contains not more than 0.2% {(by HPLC) of any single impurity, relative to the amount of
the compound of Formula 1, after storage in a closed container prior to a commercially

acceptable expiration date for the composition.

The ophthalmic pharmaceutical composition of claim 40, wherein the storage in a closed

container is at a temperature in the range of about 20-75°C.

The ophthalmic pharmaceutical composition of claim 40 or claim 41, wherein the storage

in a closed container is in an atmosphere having a relative humidity of about 25-80%.

The ophthalunic pharmaceutical composition of any one of claims 40 or 41, wherein the
storage in a closed container is at a temperature of 25°C in an atmosphere having a
relative humidity of 60%; or at a temperature of 40°C in an atmosphere having a relative

humidity of 75%; or at a temperature of 25°C in an atmosphere having a relative

- 68 -
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humidity of 40%; or at a temperature of 40°C in an atmosphere having a relative

humidity of 25%.

The ophthalmic pharmaceutical composition of claim 43, wherein the closed container is
a capped glass vial
The ophthalmic pharmaceutical composition of claim 43, wherein the closed container is

a capped LDPE bottle.

The ophthalmic composition of any one of claims 1 to 32, wherein said composition
contatns not more than 0.5%, preferably not more than $.2%, (by HPLC) of the
compound of Formula I relative to the amount of the compound of Formula I, after
storage in a closed container for at least © months, for at least 12 months, for at leasi {8
months, for at least 24 months, or prior to a commercially acceptable expiration date for

the composition;

N,

F N7N @
T
=i /\OAN&/"\N .

FoF . (11},

The ophthalmic pharmaceutical composition of claun 46, wherein said composition
contains not more than 0.5%, preferably not more than $.2%, (by HPLC) of the
compound of Formula I, relative to the amount of the compound of Formula I, after
storage in a closed container prior to a2 commercially acceptable expiration date for the

composition.

The ophthalmic pharmaceutical composition of claim 47, wherein the storage in a closed

container 13 at a temperature in the range of about 20-75°C.
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The ophthalmic pharmaceutical composition of claim 47 or claim 48, wherein the storage

in a closed container is in an atmosphere having a relative humidity of about 25-80%.

The ophthalmic pharmaceutical compaosition of claim 47 or claim 48, wherein the storage
in a closed container i3 at a temperature of 25°C 10 an atmosphere having a relative
humidity of 60%; or at a temperature of 40°C in an atmosphere having a relative
burnidity of 75%,; or at a temperature of 25°C o an atmosphere having a relative
humidity of 40%,; or at a temperature of 40°C ip an atmosphere having a refative

humidity of 25%.

The ophthalmic pharmaccutical composition of claim 50, wherein the closed container is

a capped glass vial,

The ophthalmic pharmaceutical composttion of claim 50, wherein the closed container is

a capped LDPE bottle.

The ophthalmic composition of any one of claims 1 to 32, wherein said composition
contains not more than 2.0%, preferably not more than 1.0%, (by HPLC) of total
impurities, relative to the amount of the compound of Formula I after storage in a closed
container for at least 6 months, for at least 12 months, for at least 18 months, for at least

24 months, or prior to a commercially acceptable expiration date for the composition.

The ophthalmic pharmaceutical composttion of claim 53, wherein said composition
contains not more than 2.0%, preferably not more than 1.0%, (by HPLC) of total
impurities, relative to the amount of the compound of Formula 1, after storage in a closed

container prior t¢ a commercially acceptable expiration date for the composition.

The ophthalmic pharmaceutical cormposition of claim 54, wherein the storage in a closed

container 15 at a temperature in the range of about 20-75°C.
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The ophthalmic pharmaceutical composition of claim 54 or claim 35, wherein the storage

in a closed container is in an atmosphere having a relative humidity of about 25-80%.

The ophthalmic pharmaceutical composition of any one of claims 54 or 55, wherein the
storage in a closed container is at a temperature of 25°C in an atmosphere having a
relative humidity of 60%; or at a temperature of 40°C in an atmosphere having a relative
burnidity of 75%,; or at a temperature of 25°C o an atmosphere having a relative
humidity of 40%,; or at a temperature of 40°C ip an atmosphere having a refative

humidity of 25%.

The ophthalmic pharmaccutical composition of claim 57, wherein the closed container is

a capped glass vial,

The ophthalmic pharmaceutical composttion of claim 57, wherein the closed container is

a capped LDPE bottle.

Axn aqueous ophthalmic composition comprising a compound of Formula It
HNTT

N7 ,ff

]
(D

and not more than 0.5%, preferably not more than 0.2%, (by HPLC) of the compound of
B s b p

o '

Formula I,
NH,,

F rq"itrrq ,»5’\~]
L |
= Rt N.f\/
H P
{13
relative tothe amount of the compound of Formula 1 after storage in a closed container
for at lcast & maonths, for at least 12 months, for at lcast 18 months, for at Icast 24 months,

or prior to a commercially acceptable expiration date for the composition.

-7l -
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The aqueous ophthalmic composition of claim 60, wherein said composition comprises
not more thas 0.5%, preferably not more than 0.2%, (by HPLC) of the compound of
Formula 11, relative {o the amount of the compound of Formula 1, after storage in a closed

container prior to a commercially acceptable expiration date for the composition.

The aqueous ophthalmic compoesition of claim 61, wherein the storage in a closed

container is at a temperature in the range of about 20-75°C.

The aqueous ophthalmic composition of claim 61 or ¢laim 62, wherein the storage in a

closed container is in an atmosphere having a relative humidity of about 25-80%.

The aquecus ophthalmic composition of any one of claims 01 or 62, wherein the storage
g ¥ p ¥ : £

in a closed container is at a temperature of 23°C 1n an atmosphere having a relative
humidity of 60%; or at a temperature of 40°C 1n an aimosphere having a relative

3 ; 2
humudity of 75%; or at a temperature of 25°C in an atmosphere having a relative

o P
humidity of 40%; or at a temperature of 40°C in an atmosphere having a refative

hurmidity of 25%.

The aqueous ophthalmic composition of claim 64, wherein the closed containeris a

capped glass vial.

The aqueous ophthalmic composition of claim 64, wherein the cdosed containeris a

capped LDPE bottle.

An aqueous ophthalmic composition coruprising a compound of Formula T

(D

and an antioxidant system, wherein the amount of the compound of Formuia I,

e
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NH2
F /C\/]
)><;“GAN*
) {(IT) present in satd composition does not increase by more
than 200% as measured by HPLC, upoen storage of said composition in a closed container
for at least 6 months, for at least 12 months, for at feast 18 months, for at least 24 months,

or priot 10 a commercially acceptable expiration date for the composition.

The agqueous ophthalmic composition of claim 67, wherein storage of said composition in
a closed countainer is prior to a commercially acceptable expiration date {or the

composition.

The aqueous ophthalmic composition of claim 67 or claim 68, wherein storage of said

composition in a closed container ts at a temperature in the range of about 20-75°C.

The agueous ophthalmic composition of claim 67 or claim 68, wherein storage of said
composition in a closed container is in an atmosphere having a relative humidity of about

7/
25-80%

The agueous ophthaimic composition of claim 67 or claim 68, wherein the storagein a
closed container is at a temperature of 25°C in an atmosphere having a relative humidity
of 60%; or at a temperature of 40°C in an atmosphere having a relative humidity of 75%,;
or at a temperature of 25°C in an atmosphere having a relative humidity of 40%; orat a

temperature of 40°C in an atmosphere having a relative humidity of 25%.

The ophthalmic pharmaceutical composition of claim 71, wherein the closed container is

4 capped glass vial,

The ophthalmic pharmaceutical composition of claim 71, wherein the closed container is

a capped LDPE bottle.
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An aqueous ophthalmic composition comprising a compound of Formula I

No
and an antioxidant systern, wherein said antioxidant system is present in an amount

sufficient to maintain the amount of the compound of Formula 11,
mb

F N/\N %“]
ety A
F {11} present in said composition at or below 0.5%,
preferably at or below 0.2%, (by HPLC) relative to the amount of the compound of
Formula I, upon storage of said composition in a closed container for at least & months,
for at least 12 months, for at least 18 months, for at least 24 months, or priortoa

commercially accepiable expiration date for the composition.

-
1

The agueous ophthalmic composition of claim 74, wherein storage of said composition in
a closed container is priot to a commercially acceptable expiration date Tor the

composition.

76. The aqueous ophthaimic composition of claim 74 or claim 75, wherein storage of said

composition in a closed container is at a temperature in the range of about 20-75°C.

77. The aqueous ophthalmic composition of claim 74 or claim 75, wherein storage of said
composition in a closed container is 1n an atmosphere having a relative humidity of about

25-80%.
78, The aqueous ophthalmic composition of claim 74 or claim 75, wherein the storage in a

closcd containgr is at & tomperature of 25°C in an atmosphere having a relative humidity

of 60%; or at a temperature of 40°C in an atmosphere having a relative humidity of 73%,

- 74 -
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or at a temperature of 25°C in an atmosphere having a relative humidity of 40%; orat a

temperature of 40°C in av atmosphere having a relative humidity of 25%.

The ophthalmic pharmaceutical composition of claim 78, wherein the closed container is

a capped glass vial.

The ophthalmic pharmaceutical composition of claim 78, wherein the closed container is
a capped LDPE bottle,

~
Ji
i

The ophthalmic pharmaceutical composition of any one of ¢laims 60, 67, or 74, wherein

by HPLC is by HPLC area %.

The ophthalmic pharmaceutical composition of any one of claims 60, 67, or 74, wherein

by HPLC is by HPLC weight %.
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