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(57) Abréegée/Abstract:

[00256] 2-((3-(4-cyanonaphthalen-l-yl)pyridin-4-yhthio)-2-methylpropanoic acid is useful in the modulation of blood or serum uric
acid levels. In some embodiments, 2-((3-(4- cyanonaphthalen-l-yl)pyridin-4-yhthio)-2-methylpropanoic acid is used in the treatment
or prevention of disorders related to aberrant levels of uric acid. In some embodiments, 2-((3-(4- cyanonaphthalen-l-yl)pyridin-4-
yhthio)-2-methylpropanoic acid is used for reducing serum uric acid levels in a human. Also described herein are compositions
comprising 2-((3-(4- cyanonaphthalen-I-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, and their use in the modulation of blood or
serum uric acid levels.
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(57) Abstract: [00256] 2-((3-(4-cyanonaphthalen-I-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s useful i the modulation of
blood or serum uric acid levels. In some embodiments, 2-((3-(4- cyanonaphthalen-I1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s
used 1n the treatment or prevention of disorders related to aberrant levels of uric acid. In some embodiments, 2-((3-(4- cyanonaph -
thalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s used for reducing serum uric acid levels m a human. Also described herein
are compositions comprising 2-((3-(4- cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, and their use in the modula -
tion of blood or serum uric acid levels.
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3,4-DI-SUBSTITUTED PYRIDINE COMPOUND,
METHODS OF USING AND COMPOSITIONS COMPRISING THE SAME

CROSS-REFERENCE
[001] Thas application claims the benefit of U.S. Application Serial No. 61/555,450, filed
November 3, 2011, and U.S. Application Serial No. 61/616,363, filed March 27, 2012, which

arc hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION
[002] Uric acid 1s the result of the oxidation of xanthine. Disorders of uric acid metabolism
include, but are not limited to, polycythemia, myeloid metaplasia, gout, a recurrent gout attack,
gouty arthritis, hyperuricacmia, hypertension, a cardiovascular disecase, coronary heart discase,
Lesch-Nyhan syndrome, Kelley-Seegmiller syndrome, kidney disease, kidney stones, kidney
failure, joint inflammation, arthritis, urolithiasis, plumbism, hyperparathyroidism, psoriasis or

sarco1dosis.

SUMMARY OF THE INVENTION
[003] In certain embodiments, provided heren 1s a compound for use in reducing serum uric
acid levels 1 a human, wherein the compound 1s 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof.
[004] In some embodiments of the compound for use, less than 100 mg per day of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, 1s administered to the human. In certain embodiments, less than 50 mg
per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmaceutically acceptable salt thercof, 1s administered to the human. In some embodiments,
about 40 mg per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid, or a pharmaceutically acceptable salt thereof, 18 administered to the human. In certain
embodiments, about 20 mg per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, or a pharmaceutically acceptable salt thereof, 1s administered to the
human. In some embodiments, less than 20 mg per day of 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, 1s
administered to the human. In certain embodiments, about 5 mg per day of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thercof, 1s administered to the human. In certain embodiments, less than 5 mg
per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s

administered to the human. In some embodiments, about 2 mg per day of 2-((3-(4-
1
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cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, 1s administered to the human. In certain embodiments, less than 2 mg
per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmaceutically acceptable salt thercof, 1s administered to the human. In some embodiments,
about 1 mg per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid
1s administered to the human.

[005] In certain embodiments of the compound for use, 24 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 0.5 mg/dL. In some
embodiments, 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-
2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric acid levels
arc reduced by at least 0.8 mg/dL. In certain embodiments, 24 hours after administration of 2-
((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 1 mg/dL. In some
embodiments, 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-
2-methylpropanoic acid, or a pharmaceutically acceptable salt therecof, the serum uric acids
levels are reduced by at least 2 mg/dL. In certain embodiments, 24 hours after administration of
2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acids levels are reduced by at least 3 mg/dL.

[006] In some embodiments, 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the
serum uric acid levels are reduced by at least 0.5 mg/dL. In certain embodiments, 48 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmacecutically acceptable salt thereof, the serum uric acid levels are reduced by at least

1 mg/dL. In some embodiments, 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the
serum uric acid levels are reduced by at least 3 mg/dL.

[007] In certamn embodiments, 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the
serum uric acid levels are reduced by at least 0.5 mg/dL. In some embodiments, 72 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmacecutically acceptable salt thereof, the serum uric acid levels are reduced by at least

1 mg/dL. In certain embodiments, 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-
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yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the
serum uric acid levels are reduced by about 2 mg/dL.

[008] In some embodiments of the compound for use, 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, the serum uric acid levels are
reduced by at least 15% from baseline. In certain embodiments, 24 hours after administration of
2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 20% from baseline. In
some embodiments, 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric
acid levels are reduced by at least 30% from baseline. In certain embodiments, 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmaceutically acceptable salt thereof, the serum uric acid levels are reduced by at least 40%
from baseline. In some embodiments, 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by about 20% from baseline. In
certain embodiments, 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric
acid levels are reduced by about 40% from baseline. In some embodiments, 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmaceutically acceptable salt thereof, the serum uric acid levels are reduced by about 60%
from baseline.

[009] In certain embodiments, 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the
serum uric acid levels are reduced by about 10% from baseline. In some embodiments, 48 hours
after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid, or a pharmaceutically acceptable salt thereof, the serum uric acid levels are reduced by at
least 20% from baseline. In certain embodiments, 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 30% from baseline. In
some¢ embodiments, 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric
acid levels are reduced by about 40% from baseline. In certain embodiments, 48 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a

pharmaceutically acceptable salt thereof, the serum uric acid levels are reduced by about 50%



CA 02852490 2014-04-15
WO 2013/0674235 PCT/US2012/063415

from baseline. In some embodiments, 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 15% from baseline. In
certain embodiments, 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric
acid levels are reduced by at least 20% from baseline. In some embodiments, 72 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmaceutically acceptable salt thereof, the serum uric acid levels are reduced by about 20%
from baseline. In certain embodiments, 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thercof, the serum uric acid levels are reduced by about 30% from baseline.
[0010] In certain embodiments, the compound 1s for use in treating or preventing a condition
characterized by abnormal tissue or organ levels of uric acid. In some embodiments, the
condition 1s gout, a recurrent gout attack, gouty arthritis, hyperuricacmia, hypertension, a
cardiovascular discase, coronary heart disease, Lesch-Nyhan syndrome, Kelley-Seegmiller
syndrome, kidney disease, kidney stones, kidney failure, joint inflammation, arthritis,
urolithiasis, plumbism, hyperparathyroidism, psoriasis, sarcoidosis, hypoxanthine-guanine
phosphoribosyltransterase (HPRT) deficiency or a combination thereof. In specific
embodiments, the condition 1s gout.

[0011] In certain embodiments of the compound for use, a second agent effective for the
treatment of the gout 1s administered to the human. In some embodiments, the second agent 1s a
URAT 1 inhibitor, a xanthine oxidase mhibitor, a xanthine dehydrogenase, a xanthine
ox1idoreductase mhibitor, or combinations thereof. In certain embodiments, the URAT 1
inhibitor 18 2-((5-bromo-4-(4-cyclopropyl-1-naphthalenyl)-4H-1,2,4-triazol-3-yl)thio)acetic acid,
or a pharmaceutically acceptable salt thercof. In some embodiments, the xanthine oxidase
inhibitor 1s allopurmol or febuxostat.

[0012] In certain embodiments, provided herein are methods of reducing serum uric acid levels
in a human, comprising administering 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, or a pharmaceutically acceptable salt thereof, to the human.

[0013] In some embodiments, the method comprises administering less than 100 mg, less than
50 mg per day, about 40 mg per day, about 20 mg per day, less than 20 mg per day, about 5 mg
per day, less than 5 mg per day, about 2 mg per day, less than 2 mg per day, or about 1 mg per
day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid or a

pharmaceutically acceptable salt thereof.
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[0014] In some embodiments, the serum uric acid levels are reduced by at least 0.5 mg/dL, at
least 0.8 mg/dL, at least 1 mg/dL, at least 2 mg/dL, or at least 3 mg/dL 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmacecutically acceptable salt thercof. In certain embodiments, the serum uric acid levels are
reduced by at least 0.5 mg/dL, at least 1 mg/dL, or at least 3 mg/dL 48 hours after administration
of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio )-2-methylpropanoic acid, or a
pharmacecutically acceptable salt thercof. In certain embodiments, the serum uric acid levels are
reduced by at least 0.5 mg/dL, at least 1 mg/dL, or 2 mg/dL 72 hours after administration of 2-
((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof.

[0015] In some embodiments, the serum uric acid levels are reduced by at least 15% from
baseline, at least 20% from baseline, at least 30% from baseline, at least 40% from baseline,
about 20% from baseline, or about 40% from baseline, about 60% from baseline 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmaceutically acceptable salt thereof. In some embodiments, the serum uric acid levels are
reduced by at about 10% from baseline, at least 20% from baseline, at least 30% from baseline,
about 40% from bascline, or about 50% from bascline 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, of a pharmaceutically
acceptable salt thercof. In certain embodiments, the serum uric acid levels are reduced by at
least 15% from baseline, at least 20% from baseline, about 20% from baseline, or about 30%
from basecline 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-
2-methylpropanoic acid, or a pharmaceutically acceptable salt thereof.

[0016] In some embodiments, the method 1s for treating or preventing a condition characterized
by abnormal tissue or organ levels of uric acid. In certain embodiments, the condition 1s gout, a
recurrent gout attack, gouty arthritis, hyperuricacmia, hypertension, a cardiovascular discase,
coronary heart disease, Lesch-Nyhan syndrome, Kelley-Seegmiller syndrome, kidney disease,
kidney stones, kidney failure, joint inflammation, arthritis, urolithiasis, plumbism,
hyperparathyroidism, psoriasis, sarcoidosis, hypoxanthine-guanine phosphoribosyltransferase
(HPRT) deficiency or a combination therecof. In specific embodiments, the condition 1s gout.
[0017] In certain embodiments, the methods further comprise administering a second agent
cttective for the treatment of the gout. In some embodiments, the second agent 1s a URAT 1
inhibitor, a xanthine oxidase inhibitor, a xanthine dehydrogenase, a xanthine oxidoreductase
inhibitor, or combinations thercof. In certain embodiments, the URAT 1 inhibitor 1s 2-((5-

bromo-4-(4-cyclopropyl-1-naphthalenyl)-4H-1,2,4-triazol-3-yl)thio)acetic acid, or a
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pharmaceutically acceptable salt or ester thercof. In some embodiments, the xanthine oxidase
inhibitor 1s allopurmol or febuxostat.

[0018] In certain embodiments, provided herem 1s a use of a compound 1 the manufacture of a
medicament for reducing serum uric acid levels in a human, wherein the compound 18 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof.

[0019] In some embodiments of the use of a compound 1n the manufacture of a medicament,
less than 100 mg per day, less than 50 mg per day, about 40 mg per day, about 20 mg per day,
less than 20 mg per day, about 5 mg per day, less than 5 mg per day, about 2 mg per day, less
than 2 mg per day, or about 1 mg per day of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid 1s administered to the human.

[0020] In certain embodiments of the use of a compound 1n the manufacture of a medicament,
24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric acid levels
are reduced by at least 0.5 mg/dL, at least 0.8 mg/dL, at least 1 mg/dL, at least 2 mg/dL, or at
least 3 mg/dL. In some embodiments, 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 0.5 mg/dL, at least

1 mg/dL, or at least 3 mg/dL. In certain embodiments, 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt thereof, the serum uric acid levels are reduced by at least 0.5 mg/dL, at least

1 mg/dL, or about 2 mg/dL.

[0021] In some embodiments of the use of a compound 1n the manufacture of a medicament, 24
hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, the serum uric acid levels are reduced by at least 15% from baseline, at
least 20% from baseline, at least 30% from baseline, at least 40% from baseline, about 20%
from baseline, about 40% from baseline, or about 60% from baseline. In certain embodiments,
48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, or a pharmaceutically acceptable salt thereof, the serum uric acid levels
are reduced by about 10% from baseline, at least 20% from baseline, at least 30% from baseline,
about 40% from baseline, or about 50% from baseline. In some embodiments, 72 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, or a
pharmacecutically acceptable salt thereof, the serum uric acid levels are reduced by at least 15%

from baseline, at least 20% from baseline, about 20% from baseline,or about 30% from baseline.
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[0022] In certain embodiments of the use of a compound in the manufacture of a medicament,
the medicament 1s for use in treating or preventing a condition characterized by abnormal tissue
or organ levels of uric acid. In some embodiments, the condition 1s gout, a recurrent gout attack,
gouty arthritis, hyperuricacmia, hypertension, a cardiovascular disease, coronary heart discase,
Lesch-Nyhan syndrome, Kelley-Seegmiller syndrome, kidney disease, kidney stones, kidney
failure, jomt mmflammation, arthritis, urolithiasis, plumbism, hyperparathyroidism, psoriasis,
sarco1dosis, hypoxanthine-guanine phosphoribosyltransferase (HPRT) deficiency or a
combination thercof. In specific embodiments, the condition 18 gout.

[0023] In certain embodiments of the use of a compound in the manufacture of a medicament,
the medicament 18 administered with a second agent effective for the treatment of the gout. In
some embodiments, the second agent 1s a URAT 1 mhibitor, a xanthine oxidase mbhibitor, a
xanthine dehydrogenase, a xanthine oxidoreductase inhibitor, or combinations therecof. In
certain embodiments, the URAT 1 inhibitor 18 2-((5-bromo-4-(4-cyclopropyl-1-naphthalenyl)-
4H-1,2,4-triazol-3-yl)thio)acetic acid, or a pharmaceutically acceptable salt or ester thercof. In

some embodiments, the xanthine oxidase mhibitor 1s allopurmol or febuxostat.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, 1n which the principles of the mvention are utilized, and the accompanying
drawings of which:
[0025] FIGURE 1A shows a schematic representation of schedule of events during the trial
described 1 Example 3.
[0026] FIGURE 1B shows a schematic representation of schedule of events during the trial
described 1 Example 5.
[0027] FIGURE 2A shows the absolute serum uric acid concentrations (mg/dL) measured 0-72
hours post-dose for Group 1 (2mg, fasted). Subjects 1 and 2 received placebo; subjects 3-8
received active.
[0028] FIGURE 2B shows the % serum uric acid change from baseline measured 0-72 hours
post-dose for Group 1 (2Zmg, fasted). Subjects 1 and 2 received placebo; subjects 3-8 received
active.
[0029] FIGURE 3A shows the absolute serum uric acid concentrations (mg/dL) measured 0-72
hours post-dose for Group 2 (Smg, fasted). Subjects 1 and 2 recerved placebo; subjects 3-8

recerved active.
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[0030] FIGURE 3B shows the % serum uric acid change from baseline measured 0-72 hours
post-dose for Groups 2 and 3 (5mg, fasted and fed respectively). Subjects 1 and 2 received
placebo; subjects 3-8 received active.

[0031] FIGURE 4A shows the absolute serum uric acid concentrations (mg/dL) measured 0-72
hours post-dose for Groups 4 and 5 (20mg, fasted and fed respectively). Subjects 1 and 2
received placebo; subjects 3-8 recerved active.

[0032] FIGURE 4B shows the % serum uric acid change from baseline measured 0-72 hours
post-dose for Groups 4 and 5 (20mg, fasted and fed respectively). Subjects 1 and 2 received
placebo; subjects 3-8 received active.

[0033] FIGURE 5A shows the absolute serum uric acid concentrations (mg/dL) measured 0-72
hours post-dose for Group 6 (40mg, fasted). Subjects 1 and 2 received placebo; subjects 3-8
received active.

[0034] FIGURE 5B shows the % serum uric acid change from baseline measured 0-72 hours
post-dose for Group 6 (40mg, fasted). Subjects 1 and 2 recerved placebo; subjects 3-8 received
active.

[0035] FIGURE 6A shows the absolute serum uric acid concentrations (mg/dL) measured 0-72
hours post-dose for Groups 1, 2, 4 and 6 (2mg, Smg, 20mg and 40mg respectively, all fasted).
[0036] FIGURE 6B shows the % serum uric acid change from baseline measured 0-72 hours
post-dose for Groups 1, 2, 4 and 6 (Zmg, Smg, 20mg and 40mg respectively, all fasted).

[0037] FIGURE 7A shows the absolute serum uric acid concentrations (mg/dL; mean placebo-
subjects 1, 2 and 3; and mean active-subjects 4-12), measured at nominal timepoints (days 0-9 -
once daily dosing, plus days 10-13, post dosing) for twelve subjects i group 7 (1mg, once daily
for 10 days), as described in example 6A.

[0038] FIGURE 7B shows the % serum uric acid change from baseline (mean placebo-subjects
1, 2 and 3; and mean active-subjects 4-12), measured at nominal timepoints (days 0-9 -once
daily dosing, plus days 10-13, post dosing) for twelve subjects 1 group 7 (1mg, once daily for
10 days), as described m example 6A.

[0039] FIGURE 8A shows the absolute serum uric acid concentrations (mg/dL; mean placebo-
subjects 1, 2 and 3; and mean active-subjects 4-10), measured at nominal timepoints (days 0-9 -
once daily dosing, plus days 10-13, post dosing) for ten subjects in group 8 (5mg, once daily for
10 days), as described in example 6B.

[0040] FIGURE 8B shows the % serum uric acid change from baseline (mean placebo-subjects

1, 2 and 3; and mean active-subjects 4-10), measured at nominal timepoints (days 0-9 -once
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daily dosing, plus days 10-13, post dosing) for ten subjects in group 8 (1mg, once daily for 10
days), as described m example 6B.

[0041] FIGURE 9A shows the absolute serum uric acid concentrations (mg/dL; mean placebo-
subjects 1, 2 and 3; and mean active-subjects 4-11), measured at nominal timepoints (days 0-9 -
once daily dosing, plus days 10-13, post dosing) for eleven subjects in group 9 (10mg, once
daily for 10 days), as described m example 6C.

[0042] FIGURE 9B shows the % serum uric acid change from baseline (mean placebo-subjects
1, 2 and 3; and mean active-subjects 4-11), measured at nominal timepoints (days 0-9 -once
daily dosing, plus days 10-13, post dosing) for eleven subjects m group 9 (10mg, once daily for
10 days), as described in example 6C.

[0043] FIGURE 10A shows the mean absolute serum uric acid concentrations (mg/dL),
measured at nominal timepoints (days 0-9 -once daily dosing, plus days 10-13, post dosing) for
oroups 7, 8 and 9 (1mg, Smg and 10mg respectively, once daily for 10 days, placebo groups
pooled), as described n example 6.

[0044] FIGURE 10B shows the mean % serum uric acid change from baseline measured at
nominal timepoints (days 0-9 -once daily dosing, plus days 10-13, post dosing) for groups 7, 8
and 9 (Img, Smg and 10mg respectively, once daily for 10 days, placebo groups pooled), as

described m example 6.

DETAILED DESCRIPTION OF THE INVENTION
[0045] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present mmvention will be
obtamned by reference to the following detailed description that sets forth illustrative
embodiments, 1n which the principles of the mvention are utilized.
[0046] While preferred embodiments of the present invention have been shown and described
herein, 1t will be obvious to those skilled 1n the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled 1 the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the mvention described herein may be employed 1n practicing
the mvention. It 1s intended that the following claims define the scope of the invention and that
methods and structures within the scope of these claims and therr equivalents be covered
thereby.
[0047] The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.
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Certain Pharmaceutical Terminology

[0048] The term "patient”, "subject” or "individual” are used mterchangeably. As used herein,
they refer to individuals suffering from a disorder, and the like, encompasses mammals and non-
mammals. None of the terms require that the individual be under the care and/or supervision of a
medical professional. Mammals are any member of the Mammalian class, including but not
[imited to humans, non-human primates such as chimpanzees, and other apes and monkey
species; farm animals such as cattle, horses, sheep, goats, swine;, domestic animals such as
rabbits, dogs, and cats; laboratory animals including rodents, such as rats, mice and guinea pigs,
and the like. Examples of non-mammals include, but are not limited to, birds, fish and the like.
In some embodiments of the methods and compositions provided herem, the individual 1s a
mammal. In preferred embodiments, the individual 1s a human.

[0049] The terms "treat,” "treating” or "treatment,"” and other grammatical equivalents as used
herein, include alleviating, abating or ameliorating a disease or condition or one or more
symptoms thereof, preventing additional symptoms, ameliorating or preventing the underlying
metabolic causes of symptoms, mhibiting the disease or condition, ¢.g., arresting the
development of the disease or condition, relieving the disease or condition, causing regression of
the disease or condition, relieving a condition caused by the disease or condition, or stopping the
symptoms of the disease or condition, and are intended to mnclude prophylaxis. The terms further
include achieving a therapeutic benefit and/or a prophylactic benefit. By therapeutic benefit 1s
meant eradication or amelioration of the underlying disorder bemng treated. Also, a therapeutic
benefit 1s achieved with the eradication or amelioration of one or more of the physiological
symptoms associated with the underlying disorder such that an improvement 1s observed 1n the
individual, notwithstanding that the individual 1s still be afflicted with the underlymg disorder.
For prophylactic benefit, the compositions are administered to an individual at risk of
developing a particular disease, or to an individual reporting one or more of the physiological
symptoms of a disease, even though a diagnosis of this disease has not been made.

[0050] The term “about” generally refers to a range of numbers that one of skill in the art would
consider equivalent to the recited value (e.g., having the same function or result). In many
instances, the term “about” may include numbers that are rounded to the nearest significant
figure. In preferred instances, the term “about” means within 10% of a given value or range.
[0051] The terms "administer,”" "administering”, "administration,” and the like, as used herein,
refer to the methods that may be used to enable delivery of compounds or compositions to the

desired site of biological action. These methods mclude, but are not limited to oral routes,

intraduodenal routes, parenteral injection (including intravenous, subcutanecous, intraperitoneal,
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intramuscular, intravascular or infusion), topical and rectal administration. Those of skill in the
art are familiar with administration techniques that can be employed with the compounds and
methods described herem. In preferred embodiments, the compounds and compositions
described herein are administered orally.

[0052] The terms "effective amount”, "therapeutically effective amount” or "pharmaceutically
cttective amount” as used herein, refer to a sufficient amount of at least one agent or compound
being administered which will relieve to some extent one or more of the symptoms of the
disease or condition being treated. The result can be reduction and/or alleviation of the signs,
symptoms, or causes of a disecase, or any other desired alteration of a biological system. For
example, an "effective amount” for therapeutic uses 1s the amount of the composition
comprising 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid required to
provide a clinically significant decrease in a disease. An appropriate "effective” amount may
differ from one individual to another. An appropriate "effective” amount in any mdividual case
may be determined using techniques, such as a dose escalation study:.

[0053] The term "acceptable” as used herem, with respect to a formulation, composition or
ingredient, means having no persistent detrimental effect on the general health of the individual
being treated.

[0054] The term "pharmaceutically acceptable” as used herem, refers to a material, such as a
carricr or diluent, which does not abrogate the biological activity or properties of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, and 1s relatively nontoxic, 1.¢.,
the material may be administered to an individual without causing undesirable biological effects
or mteracting 1n a deleterious manner with any of the components of the composition in which 1t
1s contained.

[0055] The term "prodrug" as used herem, refers to a drug precursor that, following
administration to an individual and subsequent absorption, 1s converted to an active, or a more
active species via some process, such as conversion by a metabolic pathway. Thus, the term
encompasses any derivative of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, which, upon administration to a recipient, 1s capable of providing, either
directly or indirectly, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid
or a pharmaceutically active metabolite or residue thereof. Some prodrugs have a chemical
group present on the prodrug that renders 1t less active and/or confers solubility or some other
property to the drug. Once the chemical group has been cleaved and/or modified from the
prodrug the active drug 1s generated. Prodrugs are often useful because, in some situations, they

may be casier to administer than the parent drug. They may, for mstance, be bioavailable by oral
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administration whereas the parent 1s not. Particularly favored derivatives or prodrugs arc those
that increase the bioavailability of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid when administered to an individual (e.g. by allowing an orally
administered compound to be more readily absorbed into the blood) or which enhance delivery
of the parent compound to a biological compartment (e.g. the brain or lymphatic system).
[0056] The term "pharmaceutically acceptable salt" as used herein, refers to salts that retain the
biological eftectiveness of the free acids and bases of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid and that are not biologically or otherwise undesirable. 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid may react with morganic or
organic bases, and morganic and organic acids, to form a pharmaceutically acceptable salt.
These salts can be prepared in situ during the final 1solation and purification, or by separately
reacting the purified compound 1 its free base form with a suitable organic or morganic acid,
and 1solating the salt thus formed.

[0057] The term "pharmaceutical composition,” as used heremn, refers to a biologically active
compound, optionally mixed with at least one pharmaceutically acceptable chemical component,
such as, though not limited to carriers, stabilizers, diluents, dispersing agents, suspending agents,
thickening agents, excipients and the like.

[0058] The term "carrier” as used herem, refers to relatively nontoxic chemical compounds or
agents that facilitate the mncorporation of a compound nto cells or tissues.

[0059] The terms "pharmaceutical combiation”, "administering an additional therapy",
"administering an additional therapeutic agent” and the like, as used herein, refer to a
pharmaceutical therapy resulting from the mixing or combining of more than one active
ingredient and includes both fixed and non-fixed combinations of the active ingredients. The
term "fixed combination" means that 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid, and at least one co-agent, are both administered to an individual
simultancously i the form of a single entity or dosage. The term "non-fixed combination”
means that 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, and at
least one co-agent, are administered to an individual as separate entities either simultancously,
concurrently or sequentially with variable intervening time limits, wherein such administration
provides effective levels of the two or more compounds 1n the body of the individual. These also
apply to cocktail therapies, ¢.g. the administration of three or more active ingredients.

[0060] The terms "co-administration”, "administered 1n combination with" and their

grammatical equivalents or the like, as used herein, are meant to encompass administration of

the selected therapeutic agents to a single individual, and are intended to include treatment
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regimens 1n which the agents are administered by the same or different route of administration
or at the same or different times. In some embodiments 2-((3-(4-cyanonaphthalen-1-yl)pyridin-
4-yl)thio)-2-methylpropanoic acid will be co-administered with other agents. These terms
encompass administration of two or more agents to an animal so that both agents and/or their
metabolites are present in the animal at the same time. They include simultancous administration
in separate compositions, administration at different times 1 separate compositions, and/or
administration 1 a composition in which both agents are present. Thus, 1n some embodiments,
2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid and the other agent(s)
are administered 1 a single composition. In some embodiments, 2-((3-(4-cyanonaphthalen-1-
yD)pyridin-4-yl)thio)-2-methylpropanoic acid and the other agent(s) are admixed in the
composition.

[0061] The term "metabolite,”" as used herem, refers to a derivative of 2-((3-(4-cyanonaphthalen-
1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid formed when the compound 1s metabolized.
[0062] The term "active metabolite,” as used herein, refers to a biologically active derivative of
2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid formed when the
compound 18 metabolized.

[0063] The term "metabolized," as used herein, refers to the sum of the processes (including, but
not limited to, hydrolysis reactions and reactions catalyzed by enzymes) by which a particular
substance 1S changed by an organism. Thus, enzymes may produce specific structural alterations
to a compound. For example, cytochrome P450 catalyzes a variety of oxidative and reductive
reactions while uridine diphosphate glucuronyltransferases catalyze the transfer of an activated
glucuronic-acid molecule to aromatic alcohols, aliphatic alcohols, carboxylic acids, amines and

free sulphydryl groups. Further information on metabolism may be obtained from 7he

Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill (1996).

Modes of Administration

[0064] In some embodiments, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid 1s administered either alone or in combination with pharmaceutically
acceptable carriers, excipients or diluents, in a pharmaceutical composition. Administration can
be effected by any method that enables delivery of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid to the site of action. These methods include, though are not
limited to delivery via enteral routes (including oral, gastric or duodenal feeding tube, rectal
suppository and rectal enema), parenteral routes (1njection or mfusion, including mtraarterial,
intracardiac, itradermal, mntraduodenal, mtramedullary, intramuscular, intraosseous,

intraperitoneal, mtrathecal, mtravascular, intravenous, mtravitreal, epidural and subcutancous),

13



CA 02852490 2014-04-15
WO 2013/0674235 PCT/US2012/063415

inhalational, transdermal, transmucosal, sublingual, buccal and topical (including epicutancous,
dermal, enema, cye drops, ear drops, intranasal, vaginal) administration, although the most
suitable route may depend upon for example the condition and disorder of the recipient. By way
of example only, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid can
be administered locally to the area in need of treatment, by for example, local imfusion during
surgery, topical application such as creams or omtments, injection, catheter, or implant, said
implant made for example, out of a porous, non-porous, or gelatinous material, including
membranes, such as sialastic membranes, or fibers. The administration can also be by direct
injection at the site of a disecased tissue or organ.

[006S] In some embodiments, formulations suitable for oral administration are presented as
discrete units such as capsules, cachets or tablets each contaming a predetermined amount of the
active mgredient; as a powder or granules; as a solution or a suspension in an aqueous liquid or a
non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-o1l liquid emulsion. In
some embodiments, the active ingredient 1s presented as a bolus, electuary or paste.

[0066] Pharmaccutical preparations that can be used orally include tablets, push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. Tablets may be made by compression or molding, optionally with one or
more¢ accessory ingredients. Compressed tablets may be prepared by compressing in a suitable
machine the active ingredient in a free-flowing form such as a powder or granules, optionally
mixed with binders, mnert diluents, or lubricating, surface active or dispersing agents. Molded
tablets may be made by molding in a suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. In some embodiments, the tablets are coated or scored
and are formulated so as to provide slow or controlled release of the active mgredient therem.
All formulations for oral administration should be m dosages suitable for such administration.
The push-fit capsules can contain the active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as talc or magnesium stearate and, optionally,
stabilizers. In soft capsules, the active compounds may be dissolved or suspended 1n suitable
liquads, such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In some embodiments,
stabilizers are added. Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabic, talc,
polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titantum dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be
added to the tablets or Dragee coatings for identification or to characterize different

combinations of active compound doses.
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[0067] In some embodiments, pharmaceutical preparations are formulated for parenteral
administration by mjection, €.g., by bolus injection or continuous infusion. Formulations for
injection may be presented in unit dosage form, ¢.g., in ampoules or in multi-dose containers,
with an added preservative. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. The formulations may be presented 1n unit-dose or multi-
dose containers, for example sealed ampoules and vials, and may be stored in powder form or in
a freeze-dried (lyophilized) condition requiring only the addition of the sterile liquid carrier, for
example, saline or sterile pyrogen-free water, immediately prior to use. Extemporancous
injection solutions and suspensions may be prepared from sterile powders, granules and tablets
of the kind previously described.

[0068] Formulations for parenteral administration include aqueous and non-aqueous (oily)
sterile injection solutions of the active compounds which may contain antioxidants, buffers,
bacteriostats and solutes which render the formulation 1sotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile suspensions which may include suspending
agents and thickening agents. Suitable lipophilic solvents or vehicles include fatty oils such as
sesame o1l, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.
Aqueous 1njection suspensions may contain substances which icrease the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally, the
suspension may also contain suitable stabilizers or agents which increase the solubility of 2-((3-
(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid to allow for the preparation
of highly concentrated solutions.

[0069] Pharmaceutical preparations may also be formulated as a depot preparation. Such long
acting formulations may be administered by implantation (for example subcutancously or
intramuscularly) or by mtramuscular mjection. Thus, for example, 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid may be formulated with suitable polymeric or
hydrophobic materials (for example, as an emulsion 1 an acceptable o1l) or 10n exchange resins,
or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

[0070] For buccal or sublingual administration, the compositions may take the form of tablets,
lozenges, pastilles, or gels formulated 1n conventional manner. Such compositions may comprise
the active ingredient 1 a flavored basis such as sucrose and acacia or tragacanth.

[0071] Pharmaceutical preparations may also be formulated in rectal compositions such as
suppositories or retention enemas, €.g., containing conventional suppository bases such as cocoa

butter, polyethylene glycol, or other glycerides.
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[0072] Pharmaceutical preparations may be administered topically, that 1s by non-systemic
administration. This includes the application of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid externally to the epidermis or the buccal cavity and the
instillation nto the ear, eye and nose, such that the compound does not significantly enter the
blood stream. In contrast, systemic administration refers to oral, intravenous, intraperitoneal and
intramuscular administration.

[0073] Pharmaceutical preparations suitable for topical administration mclude liquid or semi-
liquad preparations suitable for penetration through the skin to the site of inflammation such as
ocls, liniments, lotions, creams, omtments or pastes, and drops suitable for administration to the
cye, ear or nose. The active mgredient may comprise, for topical administration, from 0.001% to
10% w/w, for instance from 1% to 2% by weight of the formulation. It may however comprise
as much as 10% w/w but preferably will comprise less than 5% w/w, more preferably from 0.1%
to 1% w/w of the formulation.

[0074] Pharmaceutical preparations for administration by mhalation are conveniently delivered
from an msuftlator, nebulizer pressurized packs or other convenient means of delivering an
acrosol spray. Pressurized packs may comprise a suitable propellant such as
dichlorodifluoromethane, trichlorotluoromethane, dichlorotetratluoroethane, carbon dioxide or
other suitable gas. In the case of a pressurized acrosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. Alternatively, for administration by inhalation or
insufflation, pharmaceutical preparations may take the form of a dry powder composition, for
example a powder mix with a suitable powder base such as lactose or starch. The powder
composition may be presented m unit dosage form, i for example, capsules, cartridges, gelatin
or blister packs from which the powder may be administered with the aid of an inhalator or
insufflator.

[0075] It should be understood that in addition to the mgredients particularly mentioned above,
2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid may mclude other
agents conventional in the art having regard to the type of formulation m question, for example

those suitable for oral administration may include flavoring agents.

Formulations

[0076] 2-((3-(4-Cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid can be
delivered 1n a vesicle, such as a liposome. 2-((3-(4-Cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid can also be delivered 1n a controlled release system, or a controlled release
system can be placed n proximity of the therapeutic target. In one embodiment, a pump may be

used.
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[0077] The pharmaceutical compositions described herein can also contain the active mgredient
in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or syrups or
clixirs. Compositions intended for oral use are optionally prepared according to known method,
and such compositions may contain on¢ or more agents selected from the group consisting of
sweetening agents, flavoring agents, coloring agents and preserving agents in order to provide
pharmaceutically elegant and palatable preparations. Tablets contain the active mgredient in
admixture with non-toxic pharmaceutically acceptable excipients which are suitable for the
manufacture of tablets. These excipients may be, for example, mert diluents, such as calcium
carbonate, sodium carbonate, lactose, calctum phosphate or sodium phosphate; granulating and
disintegrating agents, such as microcrystalline cellulose, sodium crosscarmellose, corn starch, or
alginic acid; binding agents, for example starch, gelatin, polyvinyl-pyrrolidone or acacia, and
lubricating agents, for example, magnesium stearate, stearic acid or talc. The tablets may be un-
coated or coated by known techniques to mask the taste of the drug or delay disintegration and
absorption in the gastrointestinal tract and thereby provide a sustained action over a longer
period. For example, a water soluble taste masking material such as hydroxypropylmethyl-
cellulose or hydroxypropylcellulose, or a time delay material such as ethyl cellulose, or cellulose
acctate butyrate may be employed as appropriate. Formulations for oral use may also be
presented as hard gelatin capsules wherein the active mgredient 18 mixed with an mert sohid
diluent, for example, calcium carbonate, calctum phosphate or kaolin, or as soft gelatin capsules
wherein the active mgredient 18 mixed with water soluble carrier such as polyethyleneglycol or
an o1l medium, for example peanut oil, liquid paraftin, or olive oil.

[0078] Aqucous suspensions contain the active material in admixture with excipients suitable
for the manufacture of aqueous suspensions. Such excipients are suspending agents, for example
sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethyl-cellulose, sodium
alginate, polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents
may be a naturally-occurring phosphatide, for example lecithin, or condensation products of an
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation products
of ethylene oxide with long cham aliphatic alcohols, for example heptadecacthylene-oxycetanol,
or condensation products of ethylene oxide with partial esters derived from fatty acids and a
hexitol such as polyoxyethylene sorbitol monooleate, or condensation products of ethylene
oxide with partial esters derived from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous suspensions may also contain one or more

preservatives, for example ethyl, or n-propyl p-hydroxybenzoate, one or more coloring agents,
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one or more flavoring agents, and one or more sweetening agents, such as sucrose, saccharin or
aspartame.

[0079] Suitable pharmaceutical carriers include nert diluents or fillers, water and various
organic solvents. The pharmaceutical compositions may, if desired, contain additional
ingredients such as flavorings, binders, excipients and the like. Thus for oral administration,
tablets containing various excipients, such as citric acid may be employed together with various
disintegrants such as starch, algmic acid and certain complex silicates and with binding agents
such as sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate,
sodium lauryl sulfate and talc are often useful for tableting purposes. Solid compositions of a
similar type may also be employed in soft and hard filled gelatin capsules. Preferred materials,
therefore, include lactose or milk sugar and high molecular weight polyethylene glycols. When
aqueous suspensions or elixirs are desired for oral administration 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid may be combined with various sweetening or
flavoring agents, coloring matters or dyes and, if desired, emulsifymg agents or suspending
agents, together with diluents such as water, ethanol, propylene glycol, glycerin, or
combinations thereof.

[0080] O1ly suspensions may be formulated by suspending the active mgredient in a vegetable
o1l, for example arachis oil, olive o1l, sesame o1l or coconut o1l, or in mineral o1l such as liquid
paraftfin. The oily suspensions may contain a thickening agent, for example beeswax, hard
paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavoring agents
may be added to provide a palatable oral preparation. These compositions may be preserved by
the addition of an anti-oxidant such as butylated hydroxyanisol or alpha-tocopherol.

[0081] Dispersible powders and granules suitable for preparation of an aqueous suspension by
the addition of water provide the active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents
and suspending agents are exemplified by those already mentioned above. Additional excipients,
for example sweetening, flavoring and coloring agents, may also be present. These compositions
may be preserved by the addition of an anti-oxidant such as ascorbic acid.

[0082] Pharmaceutical compositions may also be 1n the form of oi1l-in-water emulsions. The oily
phase may be a vegetable oil, for example olive o1l or arachis oil, or a mineral oil, for example
liquid paraffin or mixtures of these. Suitable emulsifying agents may be naturally-occurring
phosphatides, for example soy bean lecithin, and esters or partial esters derived from fatty acids

and hexitol anhydrides, for example sorbitan monooleate, and condensation products of the said
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partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The
emulsions may also contain sweetening agents, flavoring agents, preservatives and antioxidants.
[0083] Syrups and clixirs may be formulated with sweetening agents, for example glycerol,
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a
preservative, flavoring and coloring agents and antioxidant.

[0084] Pharmacecutical compositions may be in the form of a sterile injectable aqueous solution.
Among the acceptable vehicles and solvents that may be employed are water, Ringer’s solution
and 1sotonic sodium chloride solution. The sterile injectable preparation may also be a sterile
injectable o1l-in-water microemulsion where the active ingredient 1s dissolved in the oily phase.
For example, the active ingredient may be first dissolved m a mixture of soybean o1l and
lecithin. The o1l solution then mtroduced into a water and glycerol mixture and processed to
form a microemulsion. The injectable solutions or microemulsions may be introduced into an
individual’s blood-stream by local bolus mjection. Alternatively, 1t may be advantageous to
administer the solution or microemulsion 1 such a way as to maintain a constant circulating
concentration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid. In
order to maintain such a constant concentration, a continuous mtravenous delivery device may
be utilized. An example of such a device 1s the Deltec CADD-PLUS™ model 5400 itravenous
pump. The pharmaceutical compositions may be in the form of a sterile injectable aqueous or
oleagenous suspension for intramuscular and subcutancous administration. This suspension may
be formulated according to the known art using those suitable dispersing or wetting agents and
suspending agents which have been mentioned above. The sterile injectable preparation may
also be a sterile mnjectable solution or suspension 1 a non-toxic parenterally-acceptable diluent
or solvent, for example as a solution 1n 1,3-butane diol. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose any bland fixed
o1l may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as
oleic acid find use 1n the preparation of mjectables.

[0085] Pharmaceutical compositions may also be administered 1n the form of suppositories for
rectal administration of the drug. These compositions can be prepared by mixing the active
ingredient with a suitable non-irritating excipient which 1s solid at ordinary temperatures but
liquid at the rectal temperature and will therefore melt 1 the rectum to release the drug. Such
materials mclude cocoa butter, glycermated gelatin, hydrogenated vegetable oils, mixtures of

polyethylene glycols of various molecular weights and fatty acid esters of polyethylene glycol.
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[0086] For topical use, creams, omtments, jellies, solutions or suspensions, efc., containing 2-
((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid can be used. As used
herem, topical application can include mouth washes and gargles.

[0087] Pharmacecutical compositions may be administered in mtranasal form via topical use of
suitable intranasal vehicles and delivery devices, or via transdermal routes, using transdermal
skin patches. To be administered in the form of a transdermal delivery system, the dosage
administration will, of course, be continuous rather than intermittent throughout the dosage
regimen.

[0088] The formulations may conveniently be presented m unit dosage form and may be
prepared by any of the methods well known 1n the art of pharmacy. All methods include the step
of bringing into association 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid or a pharmaceutically acceptable salt, ester, prodrug or solvate thercof ("active ingredient")
with the carrier which constitutes one or more accessory ingredients. In general, the
formulations are prepared by uniformly and intimately bringing into association the active
ingredient with liquid carriers or finely divided solid carriers or both and then, 1f necessary,

shaping the product into the desired formulation.

Dosage Forms

[0089] The pharmaceutical composition may, for example, be m a form suitable for oral
administration as a tablet, capsule, pill, powder, sustained release formulations, solution,
suspension, for parenteral injection as a sterile solution, suspension or emulsion, for topical
administration as an omtment or cream or for rectal administration as a suppository. The
pharmaceutical composition may be 1in unit dosage forms suitable for single administration of
precise dosages. The pharmaceutical composition may include a conventional pharmaceutical
carrier or excipient and 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid as an active ingredient. In addition, it may include other medicinal or pharmaceutical
agents, carriers, adjuvants, etc.

[0090] Exemplary parenteral administration forms include solutions or suspensions of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid in sterile aqueous solutions, for
example, aqueous propylene glycol or dextrose solutions. Such dosage forms can be suitably

buftered, if desired.

Doses
[0091] The amount of pharmaceutical composition administered will firstly be dependent on the

mammal bemng treated. In the instances where pharmaceutical compositions are administered to
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a human individual, the daily dosage will normally be determined by the prescribing physician
with the dosage generally varying according to the age, sex, diet, weight, general health and
response of the mndividual, the severity of the individual’s symptoms, the precise indication or
condition being treated, the severity of the indication or condition being treated, time of
administration, route of administration, the disposition of the composition, rate of excretion,
drug combination, and the discretion of the prescribing physician. Also, the route of
administration may vary depending on the condition and its severity. Preferably, the
pharmaceutical composition 18 1in unit dosage form. In such form, the preparation 1s subdivided
into unit doses containing appropriate quantitics of the active component, e.g., an effective
amount to achieve the desired purpose. Determination of the proper dosage for a particular
situation 18 within the skill of the art. In some instances, treatment may be mitiated with smaller
dosages which are less than the optimum dose of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid. Thereafter, the dosage 18 increased by small amounts until the
optimum effect under the circumstances 1s reached. For convenience, the total daily dosage may
be divided and administered m portions during the day if desired. The amount and frequency of
administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid, and
if applicable other therapeutic agents and/or therapies, will be regulated according to the
judgment of the attending clinician (physician) considering such factors as described above.
Thus the amount of pharmaceutical composition to be administered may vary widely.

[0092] Administration may occur 1 an amount of less than about 50 mg/kg of body weight per
day (administered in single or divided doses). A particular therapeutic dosage can include, e.g.,
less than about 1000 mg of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid, and preferably includes, e.g., less than about 250 mg. The quantity of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid in a unit dose of preparation
may be varied or adjusted from less than about 500 mg, preferably from less than about 100 mg,
more¢ preferably from less than about 50 mg, or from less than 5 mg, according to the particular
application. In some instances, dosage levels below the lower limit of the aforesaid range may
be more than adequate, while 1n other cases still larger doses may be employed without causing
any harmful side effect, ¢.g. by dividing such larger doses mto several small doses for
administration throughout the day. In combinational applications in which 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s not the sole therapy, it may
be possible to administer lesser amounts and still have therapeutic or prophylactic effect.

[0093] In some embodiments, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-

methylpropanoic acid 18 administered once a day. In other embodiments, 2-((3-(4-
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cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s administered twice a day. In
some embodiments, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s
administered with food. In other embodiments, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid 1s administered without food.

[0094] The therapeutic dosing of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid described in the section entitled “Methods of Reducing Serum Uric Acid

Levels” and the examples may be used to treat any of the disesases described herein.

Combination Therapies

[0095] 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid or a
pharmaceutically acceptable salt, solvate, polymorph, ester, tautomer or prodrug thercof may be
administered as a sole therapy, or in combination with another therapy or therapies.

[0096] For example, therapeutic effectiveness may be enhanced by administration of an
adjuvant (1.¢., by itself the adjuvant may only have miimal therapeutic benefit, but in
combination with another therapeutic agent, the overall therapeutic benefit to the mdividual 1s
enhanced). Or, by way of example only, the benefit experienced by an individual may be
increased by administering 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid with another therapeutic agent (which also mcludes a therapeutic regimen) that also has
therapeutic benefit. By way of example only, 1n a treatment for gout, increased therapeutic
benefit may result by also providing the individual with another therapeutic agent for gout. Or,
the additional therapy or therapies may include, but are not limited to physiotherapy,
psychotherapy, radiation therapy, application of compresses to a discased area, rest, altered diet,
and the like. Regardless of the disease, disorder or condition being treated, the overall benefit
experienced by the individual may be additive of the two therapies or therapeutic agents or the
individual may experience a synergistic benefit.

[0097] In the instances where 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid 1s administered i combination with other therapeutic agents, 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid need not be administered mn the
same pharmaceutical composition as other therapeutic agents, and may, because of different
physical and chemical characteristics, be administered by a different route. For example, 2-((3-
(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid may be administered orally
to generate and maintain good blood levels thereof, while the other therapeutic agent may be
administered mtravenously. Thus 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid may be administered concurrently (e.g., sitmultancously, essentially

simultancously or within the same treatment protocol), sequentially or dosed separately to other
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therapeutic agents. The mitial administration can be made according to established protocols
known 1n the art, and then, based upon the observed effects, the dosage, modes of administration
and times of administration can be modified by the skilled clinician.

[0098] The particular choice of other therapeutic agent will depend upon the diagnosis of the
attending physicians and therr judgment of the condition of the individual and the appropriate
treatment protocol. In some embodiments, the additional agent 1s a URAT 1 inhibitor, a xanthine
oxidase inhibitor, a xanthine dehydrogenase, a xanthine oxidoreductase inhibitor, a purine
nucleoside phosphorylase (PNP) ihibitor, a uric acid transporter mhibitor, a glucose transporter
(GLUT) mhibitor, a GLUT-9 mhibitor, a solute carrier family 2 (facilitated glucose transporter),
member 9 (SLC2A9) mhibitor, an organic anion transporter (OAT) inhibitor, an OAT-4
inhibitor, or combinations thereof. In certain mstances, URAT 1 1s an 1on exchanger that
mediates urate transportation. In certain mstances, URAT I mediates urate transportation in the
proximal tubule. In certain instances, URAT I exchanges urate in a proximal tubule for lactate
and nicotinate. In certain mstances, xanthine oxidase oxidizes hypoxanthine to xanthine, and
further to uric acid. In certain mstances, xanthine dehydrogenase catalyzes the conversion of
xanthine, NAD", and H,O into urate, NADH, and H". In some embodiments, the additional
agent 1S 2-((5-bromo-4-(4-cyclopropyl-1-naphthalenyl)-4H-1,2,4-triazol-3-yl)thio)acetic acid,
allopurmol, febuxostat (2-(3-cyano-4-isobutoxyphenyl)-4-methyl-1,3-thiazole-5-carboxylic
acid), FYX-051 (4-(5-pyridin-4-yl-1H-[1,2,4]triazol-3-yl)pyridine-2-carbonitrile), probenecid,
sulfimpyrazone, benzbromarone, acetaminophen, steroids, nonsteroidal anti-inflammatory drugs
(NSAIDs), adrenocorticotropic hormone (ACTH), colchicine, a glucorticoid, an adrogen, a cox-
2 mhibitor, a PPAR agonist, naproxen, sevelamer, sibutmaine, troglitazone, proglitazone,
another uric acid lowering agent, losartan, fibric acid, benziodarone, salisylate, anlodipine,

vitamin C, or combinations thereof.

CN
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Febuxostat FYX-051

Diseases

[0099] Described herein are methods of treating a disease 1 an individual suffering from said
disease comprising administering to said individual an effective amount of 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid or a pharmaceutically

acceptable salt, solvate, polymorph, ester, tautomer or prodrug thercof.
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[00100] Also described hereimn are methods of preventing or delaying onset of a disease in an
individual at risk for developing said disease comprising administering to said individual an
ctfective amount to prevent or delay onset of said disease, of a composition comprising 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid or a pharmaceutically
acceptable salt, solvate, polymorph, ester, tautomer or prodrug thercof.

[00101] Further described herein are methods for the prophylaxis or treatment of any disease or
disorder m which aberrant levels of uric acid plays a role mcluding, without limitation:
hyperuricemia, gout, gouty arthritis, inflammatory arthritis, kidney disease, nephrolithiasis
(kidney stones), joint inflammation, deposition of urate crystals n joints, urolithiasis (formation
of calculus m the urinary tract), deposition of urate crystals 1n renal parenchyma, Lesch-Nyhan
syndrome, Kelley-Seegmiller syndrome, gout flare, tophaceous gout, kidney failure, or
combinations thercof in a human or other mammal. The methods disclosed herein extend to such
a use and to the use of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid
for the manufacture of a medicament for treating such diseases or disorders. Further, the
methods disclosed heremn extend to the administration to a human an effective amount of 2-((3-
(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid for treating any such discase
or disorder.

[00102] Individuals that can be treated with 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-
2-methylpropanoic acid, or a pharmaceutically acceptable salt, ester, prodrug, solvate, hydrate or
derivative thereof, according to the methods of this mmvention mclude, for example, mmdividuals
that have been diagnosed as having gout, gouty arthritis, inflammatory arthritis, kidney disease,
nephrolithiasis (kidney stones), jomnt mflammation, deposition of urate crystals in joints,
urolithiasis (formation of calculus 1 the urinary tract), deposition of urate crystals i renal
parenchyma, Lesch-Nyhan syndrome, Kelley-Seegmiller syndrome, gout flare, tophaceous gout,
kidney failure, or combinations thereof.

[00103] In some embodiments, an individual having an aberrant uric acid level 1s administered
an amount of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid
sufficient to modulate the aberrant uric acid level (e.g., to a medically-acceptable level). In some
embodiments, an individual treated with t2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid displays aberrant uric acid levels wheremn the uric acid levels m blood
exceed a medically-accepted range (1.¢., hyperuricemia). In some embodiments, an mndividual
treated with 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid displays
aberrant uric acid levels wheremn uric acid levels 1n the blood exceed 360 umol/L (6 mg/dL) for

a female individual or 400 umol/L (6.8 mg/dL) for a male individual. In some embodiments, an
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individual treated with 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid
displays aberrant uric acid levels wherem uric acid levels m urine exceed a medically-accepted
range (1.€., hyperuricosuria). In some embodiments, an individual treated with 2-((3-(4-
cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid displays aberrant uric acid
levels wheremn uric acid levels 1in urine exceed 800 mg/day (in a male individual) and greater
than 750 mg/day (1n a female individual).

[00104] In some embodiments, an individual treated with 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid (1) displays aberrant uric acid levels, and (2)
suffers from a cardiovascular disorder. In some embodiments, an individual treated with 2-((3-
(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid (1) displays aberrant uric
acid levels, and (2) suffers from an ancurysm; angina; atherosclerosis; a stroke; cerebrovascular
discase; congestive heart failure; coronary artery disease; and/or a myocardial infarction. In
some embodiments, an imndividual treated with 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-
2-methylpropanoic acid (1) displays aberrant uric acid levels, and (2) displays (a) c-reactive
protein (CRP) levels above about 3.0 mg/L; (b) homocysteine levels above about 15,9 mmol/L;
(c) LDL levels above about 160 mg/dL; (d) HDL levels below about 40 mg/dL; and/or (¢) serum
creatinine levels above about 1.5 mg/dL.

[0010S] In some embodiments, an individual treated with 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid (1) displays aberrant uric acid levels, and (2)
suffers from diabetes. In some embodiments, an individual treated with 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid
levels, and (2) suffers from Type I diabetes. In some embodiments, an individual treated with 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant
uric acid levels, and (2) suftfers from Type II diabetes. In some embodiments, an individual
treated with 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1)
displays aberrant uric acid levels, and (2) suffers from a loss of beta cells of the islets of
Langerhans 1n the pancreas. In some embodiments, an individual treated with 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid
levels, and (2) suffers from insulin resistance and/or reduced nsulin sensitivity. In some
embodiments, an individual treated with 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid (1) displays aberrant uric acid levels, and (2) displays (a) a fasting plasma
glucose level > 126 mg/dL; (b) a plasma glucose level > 200 mg/dL two hours after a glucose

tolerance test; and/or (¢) symptoms of hyperglycemia and casual plasma glucose levels > 200

mg/dL (11.1 mmol/l).
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[00106] In some embodiments, an individual treated with 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid levels, and (2) suffers
from metabolic syndrome. In some embodiments, an individual treated with 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid
levels, and (2) suffers from (a) diabetes mellitus, impaired glucose tolerance, impaired fasting
glucose and/or msulin resistance, (b) at least two of (1) blood pressure: > 140/90 mmHg; (1)
dyshipidacmia: triglycerides (TG): > 1.695 mmol/L and high-density lipoprotein cholesterol
(HDL-C) <0.9 mmol/L (male), < 1.0 mmol/L (female); (111) central obesity: waist:hip ratio >
0.90 (male); > 0.85 (female), and/or body mass mmdex > 30 kg/m2; and (1v) microalbuminuria:
urinary albumin excretion ratio > 20 mg/min or albumin:creatinine ratio > 30 mg/g. In some
embodiments, an individual treated with 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid (1) displays aberrant uric acid levels, and (2) suffers from msulin
resistance (1.¢., the top 25% of the fasting insulin values among non-diabetic individuals) and (b)
at least two of (1) central obesity: waist circumference > 94 cm (male), > 80 cm (female); (1)
dyslipidacmia: TG > 2.0 mmol/L and/or HDL-C < 1.0 mmol/L or treated for dyslipidacmia; (111)
hypertension: blood pressure > 140/90 mmHg or antihypertensive medication; and (1v) fasting
plasma glucose > 6.1 mmol/L. In some embodiments, an individual treated with 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid
levels, and (2) displays at least three of (a) elevated waist circumference: Men > 40 inches (men)
and > 35 inches (women); (b) elevated triglycerides: > 150 mg/dL; (¢) reduced HDL: < 40
mg/dL (men) and < 50 mg/dL (women); (d) elevated blood pressure: > 130/85 mm Hg or use of
medication for hypertension; and (¢) eclevated fasting glucose: >100 mg/dL (5.6 mmol/L) or use
of medication for hyperglycemua.

[00107] In some embodiments, an individual treated with 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid levels, and (2) suffers
from kidney disease or kidney failure. In some embodiments, an individual treated with 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid (1) displays aberrant uric acid
levels, and (2) displays oliguria (decreased urine production. In some embodiments, an
individual treated with 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic
acid (1) displays aberrant uric acid levels, and (2) produces less than 400 mL per day of urine
(adults), produces less than 0.5 mL/kg/h of urine (children), or produces less than 1 mL/kg/h of

urine (infants).
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URIC ACID

[00108] In certain instances, purines (adenine, guanine), derived from food or tissue turnover
(cellular nucleotides undergo contmuous turnover), are catabolized in humans to therr final
ox1dation product, uric acid. In certain mstances, guanine 1s oxidized to xanthine, which 1s turn
is further oxidized to uric acid by the action of xanthine oxidase; adenosine 1s converted to
inosme which 1s further oxidized to hypoxanthine. In certain instances, xanthine oxidase
ox1idizes hypoxanthine to xanthine, and further to uric acid. In certain mstances, as part of the
reverse process, the enzyme hypoxanthine-guanine phosphoribosyltransferase (HGPRT)

salvages guanine and hypoxanthine.
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[00110] In certain mstances, the keto form of uric acid 1s mm equilibrium with the enol form
which loses a proton at physiological pH to form urate. In certain mstances, (¢.g., under serum
conditions (pH 7.40, 37°C)), about 98% of uric acid 1s 1onized as the monosodium urate salt. In
certain mstances, urate 1s a strong reducing agent and potent antioxidant. In humans, about half

the antioxidant capacity of plasma comes from uric acid.
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[00112] In certain instances, most uric acid dissolves in blood and passes to the kidneys, where
it 1s excreted by glomerular filtration and tubular secretion. In certain mstances, a substantial
fraction of uric acid 1s reabsorbed by the renal tubules. One of the peculiar characteristics of the
uric acid transport system 1s that, although the net activity of tubular function 1s reabsorption of
uric acid, the molecule 1s both secreted and reabsorbed during 1ts passage through the nephron.
In certain instances, reabsorption dominates in the S1 and S3 segments of the proximal tubule
and secretion dominates 1n the S2 segment. In certain mstances, the bidirectional transport
results 1 drugs that mhibit uric acid transport decreasing, rather than increasing, the excretion of
uric acid, compromising their therapeutic usefulness. In certain instances, normal uric acid levels

in human adults (5.1 +/- 0.93 mg/dL) are close to the limits of urate solubility (~7 mg/dL at
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37°C), which creates a delicate physiologic urate balance. In certain instances, the normal uric

acid range for females 1s approximately 1 mg/dL below the male range.

HYPERURICEMIA

[00113] In certain mstances, hyperuricemia 18 characterized by higher than normal blood levels
of uric acid, sustained over long periods of time. In certain instances, increased blood urate
levels may be due to enhanced uric acid production (~10-20%) and/or reduced renal excretion
(~80-90%) of uric acid. In certain instances, causes of hyperuricemia may include:

. Obesity/weight gain

. Excessive alcohol use

o Excessive dietary purine intake (foods such as shellfish, fish roe, scallops, peas lentils,
beans and red meat, particularly offal - brains, kidneys, tripe, liver)

" Certain medications, mcluding low-dose aspirin, diuretics, niacin, cyclosporine,
pyrazmmamide, ethambutol, some high blood pressure drugs and some cancer chemotherapeutics,
immunosuppressive and cytotoxic agents

o Specific disease states, particularly those associated with a high cell turnover rate (such as
malignancy, leukemia, lymphoma or psoriasis), and also mcluding high blood pressure,
hemoglobin disorders, hemolytic anemia, sickle cell anemia, various nephropathies,
mye¢loproliferative and lymphoproliferative disorders, hyperparathyroidism, renal discase,
conditions associated with msulin resistance and diabetes mellitus, and 1 transplant recipients,

and possibly heart disease

o Inherited enzyme defects

. Abnormal kidney function (e.g. mmcreased ATP turn over, reduced glomerular urate
filtration)

. Exposure to lead (plumbism or “‘saturnine gout™)

[00114] In certain instances, hyperuricemia may be asymptomatic, though 1s associated with

the following conditions:

o Gout

. Gouty arthritis

. Uric acid stones 1n the urinary tract (urolithiasis)

. Deposits of uric acid in the soft tissue (tophi)

. Deposits of uric acid in the kidneys (uric acid nephropathy)

. Impaired kidney function, possibly leading to chronic and acute renal failure
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GouT

Prevalence

[00115] The incidence of gout has mncreased over the past two decades and, i the United
States, affects as much as 2.7% of the population aged 20 years and older, totaling over 5.1
million American adults. Gout 18 more common 1n men than women, (3.8% or 3.4 million men
vs. 1.6% or 1.7 million women), typically affecting men in therr 40's and 50's (although gout
attacks can occur after puberty which sees an increase m uric acid levels). An mcrease in
prevalence of gout from 2.9 to 5.2 per 1000 1n the time period 1990 to 1999 was observed, with
most of the increase occurring 1 those over the age of 65. Gout attacks are more common 1n
women after menopause. In certain instances, gout 1s one of the most common forms of arthritis,
accounting for approximately 5% of all arthritis cases. In certain instances, kidney failure and
urolithiasis occur mn 10-18% of mmdividuals with gout and are common sources of morbidity and
mortality from the discase.

Leading causes

[00116] In most cases, gout 1s associated with hyperuricemia. In certain mstances, mdividuals
suffering from gout excrete approximately 40% less uric acid than nongouty individuals for any
given plasma urate concentrations. In certain instances, urate levels increase until the saturation
point 1s reached. In certain instances, precipitation of urate crystals occurs when the saturation
point 18 reached. In certain mstances, these hardened, crystallized deposits (tophi) form 1 the
joints and skin, causing joint inflammation (arthritis). In certain instances, deposits are be made
in the joint fluid (synovial fluid) and/or joint lining (synovial lining). Common areas for these
deposits are the large toe, feet, ankles and hands (less common areas include the ears and eyes).
In certain instances, the skin around an affected joint becomes red and shiny with the affected
arca being tender and painful to touch. In certain mstances, gout attacks increase mn frequency. In
certain mstances, untreated acute gout attacks lead to permanent joint damage and disability. In
certain mstances, tissue deposition of urate leads to: acute inflammatory arthritis, chronic
arthritis, deposition of urate crystals in renal parenchyma and urolithiasis. In certain instances,
the mcidence of gouty arthritis mcreases 5 fold i individuals with serum urate levels of 7 to 8.9
mg/dL and up to 50 fold in individuals with levels > 9mg/dL (530umol/L). In certain instances,
individuals with gout develop renal msufficiency and end stage renal disease (1.¢., “gouty
nephropathy”). In certain mstances, gouty nephropathy 1s characterized by a chronic mterstitial
nephropathy, which 1s promoted by medullary deposition of monosodium urate.

[00117] In certain mstances, gout includes pamful attacks of acute, monarticular, inflammatory

arthritis, deposition of urate crystals in joints, deposition of urate crystals in renal parenchyma,
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urolithiasis (formation of calculus in the urinary tract), and nephrolithiasis (formation of kidney
stones). In certain mstances, secondary gout occurs 1n individuals with cancer, particularly
leukemia, and those with other blood disorders (¢.g. polycythemia, myeloid metaplasia, etc).
Symptoms

[00118] In certain instances, attacks of gout develop very quickly, frequently the first attack
occurring at night. In certain instances, symptoms include sudden, severe jomnt pain and extreme
tenderness 1n the jomt area, jomt swelling and shiny red or purple skin around the joint. In
certain mstances, the attacks are infrequent lasting 5-10 days, with no symptoms between
episodes. In certain mstances, attacks become more frequent and may last longer, especially 1f
the disorder 1s not controlled. In certain instances, episodes damage the affected joint(s)
resulting 1 stiffness, swelling, limited motion and/or persistent mild to moderate pain.
Treatment

[00119] In certain instances, gout 1s treated by lowering the production of uric acid. In certain
instances, gout 1s treated by mcreasing the excretion of uric acid. In certain mstances, gout 1s
treated by URAT 1, xanthine oxidase, xanthine dehydrogenase, xanthine oxidoreductase, a
purine nucleoside phosphorylase (PNP) inhibitor, a uric acid transporter (URAT) inhibitor, a
glucose transporter (GLUT) mhibitor, a GLUT-9 mhibitor, a solute carrier family 2 (facilitated
glucose transporter), member 9 (SLC2A9) inhibitor, an organic anion transporter (OAT)
inhibitor, an OAT-4 mhibitor, or combinations thercof. In general, the goals of gout treatment
are to 1) reduce the pain, swelling and duration of an acute attack, and 1) prevent future attacks
and jomt damage. In certain instances, gout attacks are treated successfully using a combination
of treatments. In certain instances, gout 1s one of the most treatable forms of arthritis.

[00120] i) Treating the gout attack. In certain instances, the pain and swelling associated with
an acute attack of gout can be addressed with medications such as acetaminophen, steroids,
nonsteroidal anti-inflammatory drugs (NSAIDs), adrenocorticotropic hormone (ACTH) or
colchicine. In certain mstances, proper medication controls gout within 12 to 24 hours and
treatment 1s stopped after a few days. In certain instances, medication 1s used in conjunction
with rest, increased fluid intake, ice-packs, elevation and/or protection of the atfected area/s. In
certain mstances, the aforementioned treatments do not prevent recurrent attacks and they do not
affect the underlymg disorders of abnormal uric acid metabolism.

[00121] ii) Preventing future attacks. In certain mstances, reducing serum uric acid levels
below the saturation level is the goal for preventing further gout attacks. In some cases, this 1s
achieved by decreasing uric acid production (e.g. allopurinol), or increasing uric acid excretion

with uricosuric agents (¢.g. probenecid, sulfinpyrazone, benzbromarone).
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[00122] In certain mstances, allopurinol mhibits uric acid formation, resulting in a reduction in

both the serum and urinary uric acid levels and becomes fully effective after 2 to 3 months.
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[00123] In certain mstances, allopurmol 1s a structural analogue of hypoxanthine, (differing
only 1n the transposition of the carbon and nitrogen atoms at positions 7 and 8), which mhibits
the action of xanthine oxidase, the enzyme responsible for the conversion of hypoxanthine to
xanthine, and xanthine to uric acid. In certain mstances, 1t 1s metabolized to the corresponding
xanthine analogue, alloxanthine (oxypurinol), which 1s also an mmhibitor of xanthine oxidase. In
certain mstances, alloxanthine, though more potent in mhibiting xanthine oxidase, 1s less
pharmaceutically acceptable due to low oral bioavailability. In certain instances, fatal reactions
due to hypersensitivity, bone marrow suppression, hepatitis, and vasculitis have been reported
with Allopurmol. In certain mstances, the mcidence of side effects may total 20% of all
individuals treated with the drug. Treatment for disorders of uric acid metabolism has not
evolved significantly i the following two decades since the introduction of allopurinol.

[00124] In certain mstances, Uricosuric agents (¢.g., probenecid, sulfinpyrazone, and
benzbromarone) increase uric acid excretion. In certain mstances, probenecid causes an icrease
in uric acid secretion by the renal tubules and, when used chronically, mobilizes body stores of
urate. In certain mstances, 25-50% of individuals treated with probenecid fail to achieve
reduction of serum uric acid levels < 6 mg/dL. In certain instances, imsensitivity to probenecid
results from drug mtolerance, concomitant salicylate mgestion, and renal impairment. In certain
instances, one-third of the mmdividuals develop intolerance to probenecid. In certain instances,
administration of uricosuric agents also results in urinary calculus, gastrointestinal obstruction,

jaundice and anemia.

PLUMBISM OR “SATURNINE GOUT”

[00125] In certain mstances, excessive exposure to lead (lead poisoning or plumbism) results in
“saturnine gout,” a lead-induced hyperuricemia due to lead inhibition of tubular urate transport
causing decreased renal excretion of uric acid. In certain mstances, more than 50% of
individuals suffering from lead nephropathy suffer from gout. In certain mstances, acute attacks
of saturnine gout occur 1n the knee more frequently than the big toe. In certain mstances, renal
disease 1s more frequent and more severe 1 saturnine gout than m primary gout. In certain

instances, treatment consists of excluding the mndividual from further exposure to lead, the use of
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chelating agents to remove lead, and control of acute gouty arthritis and hyperuricacmia. In
certain mstances, saturnine gout 1s characterized by less frequent attacks than primary gout. In
certain instances, lead-associated gout occurs in pre-menopausal women, an uncommon

occurrence 1 non lead-associated gout.

LESCH-NYHAN SYNDROME

[00126] In certain instances, Lesch-Nyhan syndrome (LNS or Nyhan's syndrome) affects about
one m 100,000 live births. In certam instances, LNS 1s caused by a genetic deficiency of the
enzyme hypoxanthine-guanine phosphoribosyltransferase (HGPRT). In certain mstances, LNS 1s
an X-linked recessive disease. In certain mstances, LNS 1s present at birth in baby boys. In
certain instances, the disorder leads to severe gout, poor muscle control, and moderate mental
retardation, which appear in the first year of life. In certain mstances, the disorder also results n
self-mutilating behaviors (e.g., lip and finger biting, head banging) beginning in the second year
of life. In certain mstances, the disorder also results in gout-like swelling 1n the jomnts and severe
kidney problems. In certain instances, the disorder leads neurological symptoms include facial
grimacing, involuntary writhing, and repetitive movements of the arms and legs similar to those
seen 1n Huntington's disease. The prognosis for individuals with LNS 1s poor. In certain
instances, the life expectancy of an untreated mdividual with LNS 1s less than about 5 years. In
certain mstances, the life expectancy of a treated individual with LNS 1s greater than about 40
years of age.

Hyperuricemia and other diseases

[00127] In certain instances, hyperuricemia 1s found in individuals with cardiovascular disease
(CVD) and/or renal disease. In certain instances, hyperuricemia 1s found 1n individuals with
prehypertension, hypertension, increased proximal sodium reabsorption, microalbuminuria,
proteinuria, kidney disease, obesity, hypertriglyceridemia, low high-density lipoprotein
cholesterol, hypermsulinemia, hyperleptinemia, hypoadiponectinemia, peripheral, carotid and
coronary artery disease, atherosclerosis, congenative heart failure, stroke, tumor lysis syndrome,
endothelial dysfunction, oxidative stress, elevated renin levels, elevated endothelin levels, and/or
clevated C-reactive protem levels. In certain mstances, hyperuricemia 1s found 1 mdividuals
with obesity (e.g., central obesity), high blood pressure, hyperlipidemia, and/or impaired fasting
glucose. In certain mstances, hyperuricemia 1s found m individuals with metabolic syndrome. In
certain mstances, gouty arthritis 1s indicative of an increased risk of acute myocardial infarction.
In some embodiments, administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid to an individual are useful for decreasing the likelihood of a clinical event

associated with a disease or condition linked to hyperuricemia, including, but not limited to,
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prehypertension, hypertension, increased proximal sodium reabsorption, microalbuminuria,
proteinuria, kidney disease, obesity, hypertriglyceridemia, low high-density lipoprotein
cholesterol, hyperinsulinemia, hyperleptinemia, hypoadiponectinemia, peripheral, carotid and
coronary artery disease, atherosclerosis, congenative heart failure, stroke, tumor lysis syndrome,
endothelial dysfunction, oxidative stress, elevated renin levels, elevated endothelin levels, and/or
clevated C-reactive protein levels.

[00128] Onc embodiment provides a method of treating or preventing a condition characterized
by abnormal tissue or organ levels of uric acid 1n an individual comprising administering to the
individual an effective amount of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. Another embodiment provides the method wherem the condition 1s gout,
a recurrent gout attack, gouty arthritis, hyperuricacmia, hypertension, a cardiovascular disease,
coronary heart disease, Lesch-Nyhan syndrome, Kelley-Seegmiller syndrome, kidney disease,
kidney stones, kidney failure, joint inflammation, arthritis, urolithiasis, plumbism,
hyperparathyroidism, psoriasis, sarcoidosis, hypoxanthine-guanine phosphoribosyltransferase
(HPRT) deficiency or a combination thercof. Another embodiment provides the method
wherem the condition 1s gout.

[00129] Another embodiment provides the method further comprising administering a second
agent effective for the treatment of the gout. Another embodiment provides the method wheremn
the second agent 1s a URAT 1 inhibitor, a xanthine oxidase inhibitor, a xanthine dehydrogenase,
a xanthine oxidoreductase mhibitor, or combinations thercof. Another embodiment provides the
method wherem the second agent 1s 2-((5-bromo-4-(4-cyclopropyl-1-naphthalenyl)-4H-1,2,4-
triazol-3-yl)thio)acetic acid, allopurinol, febuxostat, FYX-051, or combinations thercof.

[00130] In some embodiments, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-
methylpropanoic acid 1s administered to an individual suffering from a disecase or condition
requiring treatment with a diuretic. In some embodiments, 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid 1s administered to an individual suffering from a
disease or condition requiring treatment with a diuretic, wherein the diuretic causes renal
retention of urate. In some embodiments, the disease or condition 1s congestive heart failure or
essential hypertension.

[00131] In some embodiments, administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid to an individual 1s useful for improving motility or improving

quality of life.
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[00132] In some embodiments, administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid to an individual 1s useful for treating or decreasing the side
cffects of cancer treatment.

[00133] In some embodiments, administration of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid to an individual 1s useful for decreasing kidney toxicity of cis-

platm.

METHODS OF REDUCING SERUM URIC ACID LEVELS
[00134] Provided herein, in some embodiments, are methods for reducing serum uric acid
levels by administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic
acid. In some embodiments, a method of reducing serum uric acid levels 1n a mammal
comprises administering 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic
acid. In certain embodiments, the mammal 1s a human. In some embodiments, a method of
reducing serum uric acid levels mm a human comprises administering to the human 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid, or a pharmaceutically
acceptable salt or ester thereof.
[00135] In some embodiments, a method for reducing serum uric acid levels comprises
administering less than 100 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments, the method comprises administering less than
50 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some
embodiments, the method of reducing serum uric acid levels comprises administering less than
150 mg, less than 125 mg, less than 100 mg, less than 90 mg, less than 80 mg, less than 70 mg,
less than 60 mg, less than 50 mg, less than 45 mg, less than 40 mg, less than 35 mg, less than
30 mg, less than 25 mg, less than 20 mg, less than 10 mg, or less than 5 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments, the
method for reducing serum uric acid levels comprises administering less than 2 mg or less than 1
mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some
embodiments, the method of reducing serum uric acid levels comprises administering not more
than 150 mg, not more than 125 mg, not more than 100 mg, not more than 90 mg, not more than
80 mg, not more than 70 mg, not more than 60 mg, not more than 50 mg, not more than 45 mg,
not more than 40 mg, not more than 35 mg, not more than 30 mg, not more than 25 mg, not
more than 20 mg, not more than 10 mg, or not more than 5 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments, the method for reducing
serum uric acid levels comprises administering not more than 2 mg or not more than 1 mg of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.
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[00136] In certain embodiments, a method for reducing serum uric acid levels comprises
administering about 40 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments, the method comprises administering about 20 mg
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In other
embodiments, the method comprises administering about 5 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments, the method of reducing
serum uric acid levels comprises administering about 150 mg, about 125 mg, about 100 mg,
about 90 mg, about 80 mg, about 70 mg, about 60 mg, about 50 mg, about 45 mg, about 40 mg,
about 35 mg, about 30 mg, about 25 mg, about 20 mg, about 10 mg, or about 5 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments, the
method for reducing serum uric acid levels comprises administering about 4 mg, about 3 mg,
about 2 mg, about 1 mg or about 0.5 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid.

[00137] In some embodiments, a method for reducing serum uric acid levels comprises
administering less than 100 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments, the method comprises administering less than
50 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
some embodiments, the method of reducing serum uric acid levels comprises administering less
than 150 mg per day, less than 125 mg per day, less than 100 mg per day, less than 90 mg per
day, less than 80 mg per day, less than 70 mg per day, less than 60 mg per day, less than 50 mg
per day, less than 45 mg per day, less than 40 mg per day, less than 35 mg per day, less than

30 mg per day, less than 25 mg per day, less than 20 mg per day, less than 10 mg per day, or less
than 5 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.
In some embodiments, the method for reducing serum uric acid levels comprises administering
less than 2 mg per day or less than 1 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In some embodiments, the method of reducing serum uric acid
levels comprises administering not more than 150 mg per day, not more than 125 mg per day,
not more than 100 mg per day, not more than 90 mg per day, not more than 80 mg per day, not
more than 70 mg per day, not more than 60 mg per day, not more than 50 mg per day, not more
than 45 mg per day, not more than 40 mg per day, not more than 35 mg per day, not more than
30 mg per day, not more than 25 mg per day, not more than 20 mg per day, not more than 10 mg
per day, or not more than 5 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-

methylpropanoic acid. In some embodiments, the method for reducing serum uric acid levels
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comprises administering not more than 2 mg per day or not more than 1 mg per day of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00138] In certain embodiments, a method for reducing serum uric acid levels comprises
administering about 40 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments, the method comprises administering about 20 mg
per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In other
ecmbodiments, the method comprises administering about 5 mg per day of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments, the
method of reducing serum uric acid levels comprises administering about 150 mg per day, about
125 mg per day, about 100 mg per day, about 90 mg per day, about 80 mg per day, about 70 mg
per day, about 60 mg per day, about 50 mg per day, about 45 mg per day, about 40 mg per day,
about 35 mg per day, about 30 mg per day, about 25 mg per day, about 20 mg per day, about

10 mg per day, or about 5 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments, the method for reducing serum uric acid levels
comprises administering about 4 mg per day, about 3 mg per day, about 2 mg per day, aboutl
mg per day or about 0.5 mg per day of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid.

[00139] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 0.3 mg/dL 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

0.5 mg/dL 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 0.8 mg/dL 24 hours after administration of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments
of a method for reducing serum uric acid levels, the serum uric acid levels are reduced by at
lecast 1 mg/dL 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-
2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 2 mg/dL 24 hours after administration of
2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 3 mg/dL 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)

pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing
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serum uric acid levels, the serum uric acid levels are reduced by at least 4 mg/dL 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.
[00140] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 0.5 mg/dL 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

0.8 mg/dL 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 1 mg/dL 48 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

2 mg/dL 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 3 mg/dL 48 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00141] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 0.5 mg/dL 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

0.8 mg/dL 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 1 mg/dL 72 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of
a method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

2 mg/dL 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 3 mg/dL 72 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00142] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 0.5 mg/dL at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours,
36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or
120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,

the serum uric acid levels are reduced by at least 0.8 mg/dL at 6 hours, 12 hours, 18 hours, 24
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hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours,
108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 1 mg/dL at 6 hours, 12 hours, 18 hours,
24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96
hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-
yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing serum uric
acid levels, the serum uric acid levels are reduced by at least 2 mg/dL at 6 hours, 12 hours, 18
hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours,
96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 3 mg/dL at 6 hours, 12
hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours,
84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 4 mg/dL at 6 hours, 12
hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours,
84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00143] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 0.5 mg/dL 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about

0.8 mg/dL 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 1 mg/dL 24 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of
a method for reducing serum uric acid levels, the serum uric acid levels are reduced by about

2 mg/dL 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 3 mg/dL 24 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00144] In certain embodiments of a method for reducing serum uric acid levels, the serum uric

acid levels are reduced by about 0.5 mg/dL 48 hours after administration of 2-((3-(4-
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cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about

0.8 mg/dL 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 1 mg/dL 48 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about

2 mg/dL 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 3 mg/dL 48 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00145] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 0.5 mg/dL 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about

0.8 mg/dL 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 1 mg/dL 72 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of
a method for reducing serum uric acid levels, the serum uric acid levels are reduced by about

2 mg/dL 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 3 mg/dL 72 hours after administration of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00146] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 0.5 mg/dL at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours,
36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or
120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 0.8 mg/dL at 6 hours, 12 hours, 18 hours, 24
hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours,
108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid

levels, the serum uric acid levels are reduced by about 1 mg/dL at 6 hours, 12 hours, 18 hours,
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24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96
hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-
yl thi0)-2-methylpropanoic acid. In some embodiments of a method for reducing serum uric
acid levels, the serum uric acid levels are reduced by about 2 mg/dL at 6 hours, 12 hours, 18
hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours,
96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by about 3 mg/dL at 6 hours, 12
hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours,
84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by about 4 mg/dL at 6 hours, 12
hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours,
84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00147] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 10% from baseline 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
15% from bascline 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 20% from baseline 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
certain embodiments of a method for reducing serum uric acid levels, the serum uric acid levels
are reduced by at least 30% from baseline 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
40% from bascline 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 50% from baseline 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
some embodiments of a method for reducing serum uric acid levels, the serum uric acid levels
are reduced by at least 60% from baseline 24 hours after administration of 2-((3-(4-

cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
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method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
10%, at least 20%, at least 30%, at lcast 40%, at least 50%, or at least 60% from basecline 24
hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid.

[00148] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 10% from bascline 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
20% from basecline 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 30% from baseline 48 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
some embodiments of a method for reducing serum uric acid levels, the serum uric acid levels
are reduced by at least 40% from baseline 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
50% from baseline 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In some embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, or at least 60% from baseline 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00149] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 15% from baseline 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
20% from basecline 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl
thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by at least 30% from baseline 72 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
some embodiments of a method for reducing serum uric acid levels, the serum uric acid levels
are reduced by at least 40% from baseline 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%,at least 40%, at lcast
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50%, or at least 60% from baseline 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00150] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 10% from baseline at 6 hours, 12 hours, 18 hours, 24 hours,
30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108
hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 15% from baseline at 6 hours, 12 hours, 18
hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours,
96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 20% from baseline at 6
hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours,
72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
30% from baseline at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48
hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
some embodiments of a method for reducing serum uric acid levels, the serum uric acid levels
arc reduced by at least 40% from baseline at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36
hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or 120
hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 50% from baseline at 6 hours, 12 hours, 18
hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours,
96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 60% from baseline at 6
hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours,
72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00151] In certain embodiments of a method for reducing serum uric acid levels, the serum uric

acid levels are reduced by about 15% from baseline 24 hours after administration of 2-((3-(4-
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cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about 20%
from bascline 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-
2-methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid
levels, the serum uric acid levels are reduced by about 30% from baseline 24 hours after
administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In
some embodiments of a method for reducing serum uric acid levels, the serum uric acid levels
are reduced by about 40% from baseline 24 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about 50%
from bascline 24 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-
2-methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 60% from baseline 24 hours after administration
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00152] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 10% from baseline 48 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about 15%
from basecline 48 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-
2-methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 20% from baseline 48 hours after administration
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by about 30% from baseline 48 hours after administration of 2-((3-(4-cyanonaphthalen-
1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by about 40% from baseline 48
hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 50% from baseline 48 hours after administration
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by about 60% from baseline 48 hours after administration of 2-((3-(4-cyanonaphthalen-
1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.
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[00153] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 10% from baseline 72 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about 15%
from basecline 72 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-
2-methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 20% from baseline 72 hours after administration
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by about 30% from baseline 72 hours after administration of 2-((3-(4-cyanonaphthalen-
1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by about 40% from baseline 72
hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 50% from baseline 72 hours after administration
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by about 60% from baseline 72 hours after administration of 2-((3-(4-cyanonaphthalen-
1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00154] In certain embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by about 10% from baseline at 6 hours, 12 hours, 18 hours, 24 hours, 30
hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours,
or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 15% from baseline at 6 hours, 12 hours, 18
hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours,
96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by about 20% from baseline at 6
hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours,
72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about 30%

from baseline at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours,
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54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after administration of
2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by about 40% from baseline at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36
hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or 120
hours after administration of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by about 50% from baseline at 6 hours, 12 hours, 18
hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours, 72 hours, 84 hours,
96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by about 60% from baseline at 6
hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours, 60 hours,
72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after administration of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by about 70%
from baseline at 6 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours,
54 hours, 60 hours, 72 hours, 84 hours, 96 hours, 108 hours, or 120 hours after administration of
2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00155] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 0.5 mg/dL 24 hours after administration of about 1 mg of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 0.5 mg/dL 48 hours after administration of about 1 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
0.5 mg/dL 72 hours after administration of about 1 mg of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 1 mg/dL 24 hours after
administration of about 1 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 1 mg/dL 48 hours after administration of about
1 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some

embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
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reduced by at least 1 mg/dL 72 hours after administration of about 1 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00156] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 0.5 mg/dL 24 hours after administration of about 2 mg of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 0.5 mg/dL 48 hours after administration of about 2 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
0.5 mg/dL 72 hours after administration of about 2 mg of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 1 mg/dL 24 hours after
administration of about 2 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 1 mg/dL 48 hours after administration of about
2 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 1 mg/dL 72 hours after administration of about 2 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00157] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 1 mg/dL 24 hours after administration of about 5 mg of 2-((3-
(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain embodiments of
a method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

1 mg/dL 48 hours after administration of about 5 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-
4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing serum uric
acid levels, the serum uric acid levels are reduced by at least 1 mg/dL 72 hours after
administration of about 5 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid.

[00158] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 1 mg/dL 24 hours after administration of about 20 mg of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 1 mg/dL 48 hours after administration of about 20 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a

46



CA 02852490 2014-04-15
WO 2013/0674235 PCT/US2012/063415

method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

1 mg/dL 72 hours after administration of about 20 mg of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid.

[00159] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 2 mg/dL 24 hours after administration of about 40 mg of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 2 mg/dL 48 hours after administration of about 40 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least

1 mg/dL 72 hours after administration of about 40 mg of 2-((3-(4-cyanonaphthalen-1-yl)
pyridin-4-yl thio)-2-methylpropanoic acid.

[00160] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 5% from basecline 24 hours after administration of about 1 mg
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 10% from baseline 48 hours after administration of about 1 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
15% from basecline 48 hours after administration of about 1 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00161] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 8% from bascline 24 hours after administration of about 2 mg
of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 10% from baseline 24 hours after administration of about 2 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
15% from basecline 24 hours after administration of about 2 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a method for reducing
serum uric acid levels, the serum uric acid levels are reduced by at least 10% from baseline 48
hours after administration of about 2 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In certain embodiments of a method for reducing serum uric acid levels,

the serum uric acid levels are reduced by at least 15% from baseline 48 hours after
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administration of about 2 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid. In some embodiments of a method for reducing serum uric acid levels,
the serum uric acid levels are reduced by at least 15% from baseline 72 hours after
administration of about 2 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-
methylpropanoic acid.

[00162] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 20% from baseline 24 hours after administration of about

5 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 20% from baseline 48 hours after administration of about 5 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
10% from basecline 72 hours after administration of about 5 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00163] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 40% from baseline 24 hours after administration of about

20 mg of 2-((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 30% from baseline 48 hours after administration of about 20 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
20% from basecline 72 hours after administration of about 20 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.

[00164] In some embodiments of a method for reducing serum uric acid levels, the serum uric
acid levels are reduced by at least 50% from baseline after administration of about 40 mg of 2-
((3-(4-cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In certain
embodiments of a method for reducing serum uric acid levels, the serum uric acid levels are
reduced by at least 40% from baseline 48 hours after administration of about 40 mg of 2-((3-(4-
cyanonaphthalen-1-yl) pyridin-4-yl thio)-2-methylpropanoic acid. In some embodiments of a
method for reducing serum uric acid levels, the serum uric acid levels are reduced by at least
20% from basecline 72 hours after administration of about 40 mg of 2-((3-(4-cyanonaphthalen-1-
yl) pyridin-4-yl thio)-2-methylpropanoic acid.
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Kits

[00165] The compounds, compositions and methods described herein provide kits for the
treatment of disorders, such as the ones described herein. These kits comprise a compound,
compounds or compositions described herein in a container and, optionally, instructions
teaching the use of the kit according to the various methods and approaches described herein.
Such kits may also include mformation, such as scientific literature references, package insert
materials, clinical trial results, and/or summaries of these and the like, which indicate or
cstablish the activities and/or advantages of the composition, and/or which describe dosing,
administration, side effects, drug interactions, or other information useful to the health care
provider. Such information may be based on the results of various studies, for example, studies
using experimental animals involving 1n vivo models and studies based on human clinical trials.
Kits described herein can be provided, marketed and/or promoted to health providers, including
physicians, nurses, pharmacists, formulary officials, and the like. Kits may also, in some
embodiments, be marketed directly to the consumer.

[00166] 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic acid can be
utilized for diagnostics and as research reagents. For example, 2-((3-(4-cyanonaphthalen-1-
yl)pyridin-4-yl)thio)-2-methylpropanoic acid, either alone or in combination with other
compounds, can be used as tools 1n differential and/or combinatorial analyses to elucidate
expression patterns of genes expressed within cells and tissues. As one non-limiting example,
expression patterns within cells or tissues treated with one or more compounds are compared to
control cells or tissues not treated with compounds and the patterns produced are analyzed for
differential levels of gene expression as they pertain, for example, to disease association,
signaling pathway, cellular localization, expression level, size, structure or function of the genes
examined. These analyses can be performed on stimulated or unstimulated cells and 1n the
presence or absence of other compounds which affect expression patterns.

[00167] Besides being useful for human treatment, 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-
yl)thio)-2-methylpropanoic acid and formulations thercof, may be useful for veterinary
treatment of companion animals, exotic animals and farm animals, including mammals, rodents,

and the like. More preferred animals include horses, dogs, and cats.

EXAMPLES
[00168] The examples and preparations provided below further illustrate and exemplify the
present invention. The scope of the present invention 1s not limited 1 any way by the scope of

the following examples.
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Example 1: Preparation of 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methylpropanoic
acid

[00169] 2-((3-(4-cyanonaphthalen-1-yl)pyridin-4-yl)thio)-2-methy