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PHTHALAZINONE PYRAZOLE DERIVATIVES FOR TREATING
RETINAL DEGENERATIVE DISEASE

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
5 This invention was made with government support under EY 009769 awarded
by the National Institutes of Health. The government has certain rights in the

Invention,

BACKGROUND
10 Neurodegenerative disorders afflict numerous patients throughout the world
and can be devastating to patients and caregivers. Such disorders also can result in
great financial burdens, with annual costs currently exceeding several hundred billion
dollars in the United States alone. Current treatments for such disorders often are
inadequate. Further, many such disorders are age-related, and thus their incidence is
15  rapidly increasing as demographics trend toward an aging population.

More particularly, the retinal degenerations constitute a heterogeneous group
of retinal diseases that involve the progressive degeneration of retinal photoreceptor
cells. Among the retinal degenerations, and related diseases, are retinitis pigmentosa
and atrophic age-related macular degeneration. No FDA-approved small molecule

20  therapies currently exist, however, for retinal degenerative disorders (e.g., retinitis

pigmentosa and dry age related macular degeneration).

SUMMARY
In some aspects, the presently disclosed subject matter provides a method for
25  treating or preventing a neurodegenerative disease, disorder, or condition in a subject
in need thereof, the method comprising administering to the subject a therapeutically
effective amount of a compound of Formula (I), or a pharmaceutically acceptable salt,
hydrate, or prodrug thereof, thereby treating or preventing the neurodegenerative

disease, disorder, or condition:
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wherein:

Ri1, Rz and Ry are each independently selected from the group consisting of
R10-X-, cycloalkyl-Ti-, heterocyclyl-T2-, hydrogen, halogen, nitro, cyano, —OH, —

5 NHz, -NH-C(O)H, —C(O)OH, —-C(O)NHa, —-S(0)2NH2, -NHC(O)NHz, -C(O)NH-O-
alkyl, -C(O)N(alkyl)-O-alkyl, -NHC(O)NH-O-alkyl, -NHC(O)N(alkyl) -O-alky]l,
-S(0)2NH-0O-alkyl, —-S(0)2N(alkyl)-O-alkyl, and alkyl optionally substituted one or
three times by halogen, hydroxyl or alkoxyl;

Rs is selected from the group consisting of Rio—X—, R11-X1—, R1o-X1(CH2)nr—,

10 Ru-Xi1(CH2)m—, alkyl, cycloalkyl-Ti-, heterocyclyl-Tz-, hydrogen, halogen, nitro,
cyano, —OH, -NHz, -NH-C(O)H, -C(0O)OH, —C(O)NHz2, -S(0)2NHz, -NHC(O)NHz,
—C(O)NH-0-alkyl, —C(O)N(alkyl)-O-alkyl, -NHC(O)NH-O-alkyl, -
NHC(O)N(alkyl)-O-alkyl, -S(0)2NH-O-alkyl, -S(O):N(alkyl)-O-alkyl, and alkyl
optionally substituted one or three times by halogen, hydroxyl or alkoxyl;

15 Ruo is selected from the group consisting of alkyl, cycloalkyl-Ti-,
heterocyclyl-Tz-, arv1-Ts-, heteroaryl-Ts-, and alkyl optionally substituted one to five
times by halogen;

Ru1 1s alkyl, wherein the alkyl is substituted one to three times by hydroxyl,
alkoxyl, carboxyl, amino, alkylamino, dialkylamino, alkylsulfanyl, alkylsulfinyl,

20  alkylsulfonyl, alkylsulfamoyl, dialkylsulfamoyl, alkylsulfonylamino, phenoxyl, or
heterocyclylsulfonyl;

X is selected from the group consisting of -C(O)NH-, —C(O)N-alkyl-, —
N(alkyl)C(O)-, -NHC(0O)-, -NHC(O)NR 12—, -NHC(O)N-alkyl-, -OC(O)N-alkyl-,
-NHS(0)2-, =S(0)2NR 12—, -S(O)2N(alkyl)—, —=S(0)2—, =S(0)-, -C(0)0-, -OC(0)-, -

25  C(0)-, -NR12—, -N(alkyl)—, —-O— and —S—; wherein R12 is hydrogen or alkyl;

X is selected from the group consisting of -S(0)2—, -S(0)-, -0C(0)-, -
C(0)-, -C(O)NR12—, NR12—, -N-alkyl-, -O- and -S-;
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Ty, T2, T3 and Ty are each independently selected from the group consisting of
a single bond and alkylene optionally substituted one or two times by hydroxyl;

Rs is selected from the group consisting of hydrogen, alkyl being optionally
substituted one or several times by halogen or alkoxyl, heteroaryl, or phenyl, which 1s
optionally substituted one or two times by halogen, -NO2, ~OH, -C(O)OH, —
C(O)NH-aryl, -C(O)NHz, -C(O)NH-alkyl, —-C(O)N(alkyl)2, —C(O)-heterocyclyl, —
NH:, -NHC(0)-aryl, -NHC(O)-cycloalkyl, -NHC(O)-alkyl, -N(alkyl)C(O)-alkyl, —
NHC(0)O-alkyl, -N(alkyl)C(0)O-alkyl, -NHC(O)-alkoxyalkyl, -NH-S(O)z-aryl, —
NH-S(O)2-alkyl, -C(O)NH-S(O)z-aryl, -C(O)NH-S(O)2-alkyl, —-S(O):-alkyl, -NH-
aryl, —O-aryl, -S(O)-aryl, aryl, heterocyclyl, cycloalkyl, alkyl, alkoxyl or
alkylsulfanyl, said alkyl, alkoxyl and alkylsulfanyl groups being optionally substituted
one or three times by halogen; naphthyl optionally independently substituted with one
to three halogens, phenyl independently substituted with three halogens; 1,3-dihydro-
1sobenzofuranyl, benzo[1,3]dioxol-5-yl, cycloalkyl, alkenyl, and arylalkyl, wherein
the aryl is substituted one to three times by halogen;

Y is selected from the group consisting of alkylene, alkylene-C(O)-, and
alkylene-CH(OH)-;

m is an integer selected from the group consisting of 1, 2, 3, 4, and 5;

nis0orl;

Re 1s selected from the group consisting of hydrogen, alkyl, cyano, and
halogen;

R7 is selected from the group consisting of hydrogen, alkyl, and cycloalkyl;
and

Rs and Ro are each independently selected from the group consisting of
hydrogen, alkyl, cycloalkyl, and alkoxyl;

or a pharmaceutically acceptable salt thereof.

In particular aspects, the neurodegenerative disease, disorder, or condition is a
retinal degenerative disease, such as retinitis pigmentosa (RP) and age-related
macular degeneration (AMD),

In particular aspects, the newrodegenerafive disease, disorder, of
condition 15 & retinal degenerative disease, such gs retinitis pigmentosa (RP) and
age-refated macular degeneration {AMO).

In still other aspects, the presently disclosed sulbyject matter provides a

method for promoting retinal ganghon cell (RGCY or retinal photoreceptor cell

o
J
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survival by contacting an RGO or retinal photorecepior cell with a compound
of Formula (1), or other compounds disclosed herein, i an amount sutticient to
prompote RGO or retinal photoreceptor cell survival

In particular aspects, the compound of Formula (1), or other

5 compounds disclosed herein, promotes RGC or retinal photorsceptor cell
survival by intubiting a protein kinase pathway or at least two protein kinase
pathways. In more particular aspects, the protein kinase 1s a member of the
(35k3 alpha and beta, DLK, and MST-] (preferred), and any of the kinases
fisted in Figure 9. In regard to the kinases in Figure 9, the kinases with the

10 lowest kds indicated a3 the most preferred.

In other aspects, the presently disclosed subject matter provides a
method for deniitying mjury to an RGC or a retinal photorsceptor csll by
measuring levels of an protein kinase protewn or 2 combination of at least two
protein kinases in the RGO or retinal photoreceptor cell and comparing the

15 levels in the RGC or retinal photoreceptor cell to the levels of kinase protemn
i a control RGO or retinal photoreceptor cell, wherem a significant difference
between the uthe RGC or retinal photoreceptor cell and the levels in the
control RGT or retinal photoreceptor cell is mdicative of myury 1o the RGC or
retinal photoreceptor cell

20 In other aspects, the presently disclosed subject watter provides a
method for identifving injury 1o an RGC or a retinal photoreceptor call ina
subject by obtainmg a sample from a sobject, measuring levels of protein kinass
protein or & combination of at least two protern kinase proteins o the sample
and comparing the in the sample to the levels m a control sarople, wheremn a

25  signuficant difference between the levels 1o the samiple and the levels 1n the
control sample is mndicative of injury to an RGC or a retinal photorsceptor cell
in the subject. In particular aspects, the sample 15 obtaned from the vitreous,
the agueous of the eye, or froro serum

{ertatn aspects of the presently disclosed subject matter having been

30  stated hereinabove, which are addressed m whele or 1 part by the presently
disclosed subject matter, other aspects will become evident as the description

proceeds as best described herein below

4
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FIGURES
Figure 1. ARVO poster
Figure 2. Mice retina lysate versus 4 cell line mix
Figure 3. Kd values (<1 UM drug)
Figure 4. Expression of NQO2
Figure 5. Expression of CSNK2A2
Figure 6. Kinases targeted by PHPZ-Inhibition curves I
Figure 7. Kinases targeted by PHPZ-Inhibition curves II
Figure 8. Kinases targeted by PHPZ-Inhibition curves II1
Figure 9. Kinases targeted by GSK Inhibitor XIII-Inhibition curve I
Figure 10. Kinases targeted by GSK Inhibitor XIII-Inhibition curve II
Figure 11. Review
Figure 12. Structure of GSK Inhibitor XIII
Figure 13. ARVO poster compounds.
Figure 14. Photoreceptor Viability
Figure 15. Toxicity Studies
Figure 16. Viability Studies
Figure 17. Viability Studies: Inactive/Toxic

Figure 18. Protein Expression Studies

DETAILED DESCRIPTION

The presently disclosed subject matter may be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will satisfy applicable
legal requirements. Indeed, many modifications and other embodiments of the
presently disclosed subject matter set forth herein will come to mind to one skilled in
the art to which the presently disclosed subject matter pertains having the benefit of
the teachings presented in the foregoing descriptions. Therefore, it is to be
understood that the presently disclosed subject matter is not to be limited to the
specific embodiments disclosed and that modifications and other embodiments are

intended to be included within the scope of the appended claims.

L PHTHALAZINONE PYRAZOLE DERIVATIVES FOR TREATING
RETINAL DEGENERATIVE DISEASE
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Among the retinal degenerations, and related diseases, are retinitis pigmentosa and
atrophic age-related macular degeneration. One approach for treating
neurodegenerative diseases, disorders, or conditions is through neuroprotective agents
that promote the survival of neurons or a portion thereof (e.g., the neuron cell body,

5 an axon, or a dendrite).

Accordingly, a variety of assays have been adapted for quantitative high
throughput screening for novel neuroprotective small molecules. For example, it
previously has been shown that protein kinase inhibitors identified through a high
content screen of libraries of small molecule compounds can promote the survival

10 and/or neurite outgrowth of retinal ganglion cells (RGCs). See, for example,
International PCT Patent Application Publication Nos., W02010/017541, to Zack et
al., published February, 11, 2010, and WO2011/119777 to Zack et al., published
September 29, 2011, each of which is incorporated by reference in their entirety.

The presently disclosed subject matter demonstrates that phthalazinone

15 pyrazole (PhPZ) significantly increased the number of rod photoreceptors and
increased the amount of thodopsin, the rod visual pigment, in a phenotypic high
throughput screen using mouse primary retinal cells. Subsequent follow up screening
assays indicate that PhPZ also may be neuroprotective. PhPZ, and related molecules,
therefore have the potential to be used for the treatment of retinal degenerative

20  disease. PhPZ may also be useful for the development of cell-based therapies for
retinal disease.

Phthalazinone pyrazole, has shown activity as potent, orally bioavailable
inhibitors of Aurora kinases. Prime M.E. et al. Phthalazinone pyrazoles as potent,
selective, and orally bioavailable inhibitors of Aurora-A kinase. J Med Chem. 2011

25 Jan 13;54(1):312-9. Aurora kinase inhibition leads to cell cycle arrest and thus may
be useful in cancer treatment. The Aurora kinases are a family of serine/threonine
kinases that are believed to play a key role in the protein phosphorylation events that
are essential for the completion of essential mitotic events. The Aurora kinase family
is made up of three key members; Aurora A, B and C (also known as Aurora-2,

30  Aurora-1 and Aurora-3, respectively). Aurora-1 and Aurora-2 are described in U.S.
Pat. No. 6,207,401, which is incorporated herein by reference in its entirety.

Compounds disclosed in U.S. patent application publication no.
US2009/0221599 to Boyd, et al, published Sept. 3, 2009, which 1s incorporated herein

In its entirety, exhibit activity as Aurora family kinase inhibitors, and more

6
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particularly, as Aurora A kinase inhibitors. Related compounds are disclosed in U.S.
Patent No. 7,501,410, to Goldstein and Rueth, issued March 10, 2009, and U.S. Patent
No. 7,226,923, to Boyd et al., issued June 5, 2007, each of which is incorporated by
reference in its entirety.

Unexpectedly, the presently disclosed subject matter demonstrates that PhPZ
increases the viability and number of cultured primary murine photoreceptors
(postmitotic neurons) in culture. Treatment with phthalazinone pyrazole derivatives
may Increase photoreceptor viability in photoreceptor degenerations. Further,
treatment of stem cells or stem cell-derived photoreceptor precursors with
phthalazinone pyrazole or derivatives may increase the survival and integration
efficiency rate of transplant into retinas of retinitis pigmentosa patients.

A. Methods of Treatment

In some embodiments, the presently disclosed subject matter provides a
method for treating or preventing a neurodegenerative disease, disorder, or condition
in a subject in need thereof, the method comprising administering to the subject a
therapeutically effective amount of a compound of Formula (I), or a pharmaceutically
acceptable salt, hydrate, or prodrug thereof, thereby treating or preventing the

neurodegenerative disease, disorder, or condition:

Rg

N/N
| .
N / 7
Ry N
R, Rs
\ T
N
Ry “N(n=Rs

Ry

@]

D

wherein:

R1, Rz and Ry are each independently selected from the group consisting of
R10—X-, cycloalkyl-Ti-, heterocyclyl-Tz-, hydrogen, halogen, nitro, cyano, —OH, --
NH», -NH-C(O)H, —C(O)OH, —-C(O)NH2, -S(0)2NH2, -NHC(O)NH2, -C(O)NH-O-
alkyl, -C(O)N(alkyl)-O-alkyl, -NHC(O)NH-O-alkyl, -NHC(O)N(alkyl) -O-alky],
-S(0)2NH-O-alkyl, —-S(0):N(alkyl)-O-alkyl, and alkyl optionally substituted one or
three times by halogen, hydroxyl or alkoxyl;

R3 is selected from the group consisting of Rio-X—, R11-X1—, R1o-X1(CH2)nr—,
R11-X1(CH2)m—, alkyl, cycloalkyl-Ti-, heterocyclyl-Tz2-, hydrogen, halogen, nitro,

7
SUBSTITUTE SHEET (RULE 26)



WO 2016/130460 PCT/US2016/016957

10

15

20

25

30

cyano, “OH, -NHz, -NH-C(O)H, —-C(0)OH, —C(O)NHz2, -S(0)2NHz, -NHC(O)NHz,
—C(O)NH-0-alkyl, —C(O)N(alkyl)-O-alkyl, -NHC(O)NH-O-alkyl, -
NHC(O)N(alkyl)-O-alkyl, -S(0)2NH-O-alkyl, —S(O):N(alkyl)-O-alkyl, and alkyl
optionally substituted one or three times by halogen, hydroxyl or alkoxyl;

Ruo is selected from the group consisting of alkyl, cycloalkyl-Ti-,
heterocyclyl-Tz-, arvl-Ts-, heteroaryl-Ts-, and alkyl optionally substituted one to five
times by halogen;

Ru1 1s alkyl, wherein the alkyl is substituted one to three times by hydroxyl,
alkoxyl, carboxyl, amino, alkylamino, dialkylamino, alkylsulfanyl, alkylsulfinyl,
alkylsulfonyl, alkylsulfamoyl, dialkylsulfamoyl, alkylsulfonylamino, phenoxyl, or
heterocyclylsulfonyl;

X is selected from the group consisting of -C(O)NH-, —C(O)N-alkyl-, —
N(alky)C(O)-, -NHC(O)-, -NHC(O)NR 12—, -NHC(O)N-alkyl-, —-OC(O)N-alkyl-,
-NHS(0)2—, =S(0)2NR12—, -S(0)2N(alkyl)-, =S(0)>—, =S(0)-, -C(0)0-, -OC(0)-, -
C(0)-, -NR12>—, -N(alkyl)-, -O- and —S—; wherein R12 is hydrogen or alkyl;

X 1s selected from the group consisting of —S(0)2—, —-S(0)-, ~-0OC(0)-, -
C(0)-, -C(O)NR12—, NR12—, -N-alkyl-, -O- and —-S-;

Ty, T2, Ts and Ty are each independently selected from the group consisting of
a single bond and alkylene optionally substituted one or two times by hydroxyl;

Rs is selected from the group consisting of hydrogen, alkyl being optionally
substituted one or several times by halogen or alkoxyl, heteroaryl, or phenyl, which is
optionally substituted one or two times by halogen, -NO», -OH, —-C(O)OH, -
C(O)NH-aryl, -C(O)NHz, —-C(O)NH-alkyl, —-C(O)N(alkyl)2, —C(O)-heterocyclyl, —
NHz, -NHC(O)-aryl, -NHC(O)-cycloalkyl, -NHC(O)-alkyl, —N(alkyl)C(O)-alkyl, —
NHC(0)O-alkyl, -N(alkyl)C(O)O-alkyl, -NHC(O)-alkoxyalkyl, -NH-S(O):-aryl, —
NH-S(O)2-alkyl, -C(O)NH-S(O)z-aryl, -C(O)NH-S(O)2-alkyl, —-S(O).-alkyl, -NH-
aryl, —O-aryl, -S(O)-aryl, aryl, heterocyclyl, cycloalkyl, alkyl, alkoxy or
alkylsulfanyl, said alkyl, alkoxyl and alkylsulfanyl groups being optionally substituted
one or three times by halogen; naphthyl optionally independently substituted with one
to three halogens, phenyl independently substituted with three halogens; 1,3-dihydro-
isobenzofuranyl, benzo[1,3]dioxol-5-yl, cycloalkyl, alkenyl, and arylalkyl, wherein
the aryl is substituted one to three times by halogen;

Y is selected from the group consisting of alkylene, alkylene-C(O)-, and
alkylene-CH(OH)-;

8
SUBSTITUTE SHEET (RULE 26)



WO 2016/130460 PCT/US2016/016957

m is an integer selected from the group consisting of 1, 2, 3, 4, and 5;
nis 0or 1;
Rs is selected from the group consisting of hydrogen, alkyl, cyano, and
halogen;
5 R7 is selected from the group consisting of hydrogen, alkyl, and cycloalkyl;
and
Rs and Ro are each independently selected from the group consisting of
hydrogen, alkvl, cycloalkyl, and alkoxyl;
or a pharmaceutically acceptable salt thereof.
10 In some embodiments of the presently disclosed methods, the compound of

Formula (I) is a compound of Formula (I)a:

|
Rs N\mn—Rs
0 (la)
wherein:
n=0
15 R3 is selected from the group consisting of alkyl, Rio—X—, R11—Xi—, Rio-

X1(CH2)m—, and Ri1—X1(CH2)m—;
Ruo is selected from the group consisting of: alkyl, cycloalkyl-Ti-,
heterocyclyl-T»-, arvl-Ts-, and heteroaryl-Ts-;
Ri1 is alkyl, wherein the alkyl is substituted one to three times by hydroxyl,
20  alkoxyl, carboxyl, amino, alkylamino, dialkylamino, alkylsulfanyl, alkylsulfinyl,
alkylsulfonyl, alkylsulfamoyl, dialkylsulfamoyl, alkylsulfonylamino, phenoxyl or
heterocyclylsulfonyl;
X and X are each independently selected from the group consisting of: —
S(0)2—, -S(0)-, —C(O)NR12—, -NR 12—, —O—, and —S—; wherein R12 is hydrogen or
25 alkyl;
Ty, T2, T3 and Ty are each independently selected from the group consisting of

a single bond and alkylene optionally substituted one or two times by hydroxyl;

9
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Rs 1s alkyl, or arylalkyl, wherein the aryl is substituted one to three times by
halogen;
Re 1s H or halogen;
R7 is selected from the group consisting of: hydrogen, alkyl, and cycloalkyl;
5 or a pharmaceutically acceptable salt thereof.
In particular embodiments of the presently disclosed methods comprising a
compound of formula (1a):
n=20;,
Ru1 1s alkyl, wherein the alkyl is substituted one or two times by alkoxyl,
10 carboxyl, dialkylamino, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, dialkylsulfamoyl,
phenoxyl or heterocy clylsulfonyl;
Ruo is selected from the group consisting of: alkyl, cycloalkyl-Ti-,
heterocyclyl-Tz-, arvl-Ts-, and heteroaryl-Ts-;
X and X are each independently selected from the group consisting of: —
15 S(0)-, -S(0O)-, —C(O)NR12—, -NR12—, —O-, and —S—; wherein Ri2 is hydrogen or
alkyl;
Re 1s hydrogen or halogen; and
R7is alkyl.
In particular embodiments, Rs is alkyl. In other embodiments, Rs is arylalkyl,
20 wherein the aryl is substituted one to three times by halogen.
In yet more particular embodiments, the compound of Formula (I) has the

following structure:

25 In certain embodiments, the compound of Formula (Ia) is selected from the
group consisting of:
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-methylsulfanyl-ethoxy)-
2H-phthalazin-1-one;

10
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2-Isopropyl-7-(2-methoxy-ethoxy)-4-(5-methy1-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-Isopropyl-7-(2-methanesulfonyl-ethoxy)-4-(5-methyl- 1H-pyrazol-3-
ylamino-)-2H-phthalazin-1-one;
5 2-Isopropyl-7-[methyl-(2-methylsulfanyl-ethyl)-amino]-4-(5-methyl-1H-
pyrazol-3-ylamino)-2H-phtalazin-1-one;
4-(4-Bromo-5-methyl-1H-pyrazol-3-ylamino)-2-isopropyl-7-(2-
methylsulfanyl-ethoxy)-2H-phthalazin-1-one;
2-Isopropyl-7-[(2-methoxy-ethyl)-methyl-amino]-4-(5-methyl-1H-pyrazol-3-
10 ylamino)-2H-phthalazin-1-one;
4-(4-Bromo-5-methyl-1H-pyrazol-3-ylamino)-2-isopropyl-7-(2-
methanesulfiny-l-ethoxy)-2H-phthalazin-1-one;
2-Isopropyl-7-(2-methane sulfinyl-ethoxy)-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
15 2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-methylsulfanyl-
ethylsulfanyl)-2H-phthalazin-1-one;
7-[(2-Dimethylamino-ethyl)-methyl-amino]-2-isopropyl-4-(5-methyl-1H-
pyrazol-3-ylamino)-2H-phthalazin-1-one;
3-|3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-
20  phthalazin-6-yloxy]-propane-1-sulfonic acid dimethylamide:
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-[ 3-(morpholine-4-sulfonyl-
)-propoxy |-2H-phthalazin-1-one;
2-Isopropyl-7-(2-methanesul fonyl-ethanesulfonyl)-4-(5-methyl- 1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
25 7-(2-Dimethylamino-ethoxy)-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
7-(2-Dimethylamino-ethylamino)-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylami no)-2H-phthalazin-1-one;
4-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-phthal
30  azin-6-ylamino]-butyric acid;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazin-6-y1]-2-methoxy-N-methyl-acetamide;
N-[3-(3,5-Difluoro-benzyl)-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,.4-di-
hydro-phthalazin-6-y1]-2-methoxy-N-methyl-acetamide;
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N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3.4-dihydro-
phthalazin-6-y1]-N-methyl-2-phenoxy-acetamide;
7-Cyclopropylmethoxymethyl-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
5 2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-3-
ylmethoxymethyl)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-
ethoxymethyl)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-methylsulfanyImethyl-2H-
10 phthalazin-1-one; and
2-Isopropyl-7-methanesulfonylmethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one.
In some embodiments, the compound of Formula (I) is selected from the
group consisting of:
15 7-Fluoro-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
7-Hydroxy-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-Isopropyl-7-methoxymethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
20  phthalazin-1-one;
2-Benzyl-7-methoxymethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid;
25 3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid methoxy-amide;
7-Hydroxymethyl-2-isopropyl-4-(5-methy1-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-0x0-3,4-dihydro-
30  phthalazine-6-carboxylic acid amide;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-morpholino-2H-
phthalazin-1-one;
2-Benzyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-morpholino-2H-phthalazin-1-

oneg;
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2-Isopropyl-7-(4-methyl-piperazin-1-y1)-4-(5-methyl-2H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;
2-Isopropyl-7-(4-methyl-piperazin-1-ylmethyl)-4-(5-methyl-1H-pyrazol-3-yl-
amino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-morpholin-4-ylmethyl-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-piperidin-1-yl-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-pyrrolidin-1-y1-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-methoxy-2H-phthalazin-1-
one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-2-yImethoxy)-
2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-3-ylmethoxy)-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-4-ylmethoxy)-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-ethoxy)-
2H-phthalazin-1-one;
2-Benzyl-7-methoxy-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
7-Difluoromethoxy-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-methylsulfanyl-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-
ethylsulfanyl)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-dimethylamino-2H-
phthalazin-1-one;
2-Isopropyl-7-[methyl-(2-morpholin-4-yl-ethyl)-amino]-4-(5-methy- 1-1H-
pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(methyl-pyridin-4-
ylmethy-l-amino)-2H-phthalazin-1-one;
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2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(methyl-pyridin-3-
ylmethy-l-amino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(methyl-pyridin-2-
ylmethy-l-amino)-2H-phthalazin-1-one;
7-[(4-Fluoro-benzyl)-methyl-amino]-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-
ethylamino)-2H-phthalazin-1-one;
2-Isopropyl-7-methylamino-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
4-(5-Cyclopropyl-2H-pyrazol-3-ylamino)-7-dimethylamino-2-isopropyl-2H-
phthalazin-1-one;
[3-Isopropyl-1-(5-methyl-2H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-
phthalazin-6-yl]-methyl-carbamic acid tert-butyl ester;
3-Isopropyl-1-[3-isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-di-
hydro-phthalazin-6-y1]-1-methyl-urea;
[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-o0x0-3,4-dihydro-phthalaz-
in-6-yl]-methyl-carbamic acid ethyl ester;
1-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihy dro-phthal -
azin-6-yl]-3-methyl-urea;
2-Isopropyl-7-methanesulfonyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3.4-dihydro-
phthal- azin-6-y1]-N-methyl-methanesulfonamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-
phthal- azin-6-yl]-methanesulfonamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-
phthalazin-6-y1]-N-methyl-acetamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-vlamino)-4-oxo-3,4-dihydro-
phthalazin-6-yl]-acetamide;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-
phthalazine-6-carboxylic acid diethylamide;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-

phthalazine-6-carboxylic acid isopropylamide;
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2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(morpholine-4-carbonyl)-
2-H-phthalazin-1-one;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid cyclopropylmethyl ester;
5 7-(4-Acetyl-piperazine-1-carbonyl)-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-0x0-3,4-dihydro-
phthalazine-6-carboxylic acid methyl ester;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-8-morpholino-2H-
10 phthalazin-1-one; and 2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-8-
dimethylamino-2- H-phthalazin-1-one;
6-Fluoro-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-6-morpholino-2H-
15 phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-6-dimethylamino-2H-
phthalazin-1-one;
2-Isopropyl-6-methoxy-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-
0-ne;
20 2-Isopropyl-6-methoxymethyl-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
6-Hydroxymethyl-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
6-Amino-4-(5-methyl-1H-pyrazol-3-ylamino)-2-phenyl-2H-phthalazin-1-one;
25 2-Methyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-Isobutyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(2,2,2-trifluoro-ethyl)-2H-phthalazin-1-
one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
30 2-(2-Methoxy-ethyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(2-Methoxy-1-methyl-ethyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-phenyl-2H-phthalazin-1-one;
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4-(5-Methyl-1H-pyrazol-3-ylamino)-2-p-tolyl-2H-phthalazin-1-one;
2-(4-Fluoro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-

one;
2-(4-tert-Butyl-phenyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(4-Methoxy-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

4-(1H-Pyrazol-3-ylamino)-2-p-tolyl-2H-phthalazin-1-one;
3-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo- 1H-phthalazin-2-ylmethyl]-
benzoic acid;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-trifluoromethyl-phenyl)-2-H-
phthalazin-1-one;
2-(4-Chloro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-m-tolyl-2H-phthalazin-1-one;:
N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl]-
phenyl}-methanesulfonamide;
N-Methyl-4-[4-(5-methyl-1H-pyrazol-3-ylamino)- 1-oxo-1H-phthalazin-2-y1]-
benzamide;
2-Methoxy-N-{4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-
2-yl]-phenyl}-acetamide;
{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo- | H-phthalazin-2-y1]-phenyl} -
carbamic acid ethyl ester;
Methyl- {4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthal azin-2-yl]-
phenyl}-carbamic acid ethyl ester;
Methyl-{4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo0- 1H-phthalazin-2-yl]-
phenyl}-carbamic acid isopropyl ester;
{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-y1]-phenyl } -
carbamic acid isopropyl ester;
2-(4-tert-Butyl-2-chloro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-[4-(2-Methyl-propane-2-sulfonyl)-phenyl]-4-(5-methy1-1H-pyrazol-3-ylami-
n0)-2H-phthalazin-1-one;
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N-Ethyl-N- {4-[4-(5-methyl-1H-pyrazol-3-ylamino)- 1-oxo- 1H-phthal azin-2-
yl]-phenyl}-acetamide;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-nitro-phenyl)-2H-phthalazin-1-one;

2-(3-tert-Butyl-phenyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-

5 ong
2-(4-Isopropyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(4-sec-Butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
10 4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(3-trifluoromethyl-phenyl)-2H-

phthalazin-1-one;
2-(2-Chloro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl1]-
15 phenyl}-acetamide;
2,2-Dimethyl-N-{4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-
phthalazin-2-y1]-phenyl}-propionamide;
2-(2-Chloro-4-trifluoromethyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2-
H-phthalazin-1-one;
20 2-(4- Amino-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(4-Benzenesulfinyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-(4-Cyclohexyl-phenyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-
25  l-one;
2-Biphenyl-4-yl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-(2'-Methyl-biphenyl-4-y1)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-phenoxy-phenyl)-2H-phthalazin-1-
30  one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-naphthalen-2-y1-2H-phthalazin-1-one-;
N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo- 1H-phthalazin-2-yl]-

phenyl-}-benzamide;
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4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-phenylamino-phenyl)-2H-
phthalazin-1-one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-morpholin-4-yl-phenyl)-2- H-
phthalazin-1-one;
5 2-Benzyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-(4-Methoxy-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-

one;
2-(3-Methoxy-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
10 2-(2,5-Difluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(4-Methanesulfonyl-benzyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2-H-
phthalazin-1-one;

2-(3,4-Difluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthal azin-1-

15 one;
2-(2-Fluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(4-Fluoro-benzyl)-4-(5-methy1-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
20 2-(3,5-Difluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-nitro-benzyl)-2H-phthalazin-1-one;
2-(4- Amino-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
25 N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-ylmethyl]-
phenyl}acetamide;
N-{4-[1-Ox0-4-(1H-pyrazol-3-ylamino)-1H-phthalazin-2-ylmethyl]-phenyl} -
acetamide;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-methylsulfanyl-benzyl)-2H-
30  phthalazin-1-one;
2-[2-(4-Methoxy-phenyl)-2-oxo-ethyl]-4-(5-methyl- 1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;
2-[2-(3-Methoxy-phenyl)-2-oxo-ethyl]-4-(5-methyl- 1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;
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4-(5-Methyl-1H-pyrazol-3-ylamino)-2-[2-oxo0-2-(4-trifluoromethoxy-phenyl)-
ethyl]-2H-phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-[2-ox0-2-(4-trifluoromethyl-phenyl)-
ethyl]-2H-phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(2-oxo-2-phenyl-ethyl)-2H-phthal azin-
-1-one;

2-(2-Hydroxy-2-phenyl-ethyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

2-(2-Benzo[ 1,3]dioxol-5-y1-2-0x0-ethyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(2-methyl-thiazol-4-ylmethy1)-2H-
phthalazin-1-one;

4-(5-Methyl-2H-pyrazol-3-ylamino)-2-pyridin-4-ylmethyl-2H-phthalazin-1-

one;
4-(5-Methyl-2H-pyrazol-3-ylamino)-2-pyridin-3-ylmethyl-2H-phthalazin-1-
one;
4-(5-Methyl-2H-pyrazol-3-ylamino)-2-pyridin-2-ylmethyl-2H-phthalazin-1-
one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-pyridin-4-y1-2H-phthalazin-1-one;
2-Allyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-Cyclopropylmethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(4-tert-Butyl-cy clohexyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
N-[3-(4-tert-Butyl-phenyl)-1-(5-methyl-2H-pyrazol-3-ylamino)-4-oxo-3,4-di-
hydrophthalazin-6-yl]-formamide;
7-Amino-2-(4-tert-butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-(4-tert-Butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-7-nitro-2H-
phthalazin-1-one;
2-(4-tert-Butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-6-nitro-2H-
phthalazin-1-one;
6-Amino-2-(4-tert-butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-vlamino)-2H-

phthalazin-1-one;
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6-Bromo-2-(4-tert-butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-(4-tert-Butyl-phenyl)-4-(5-cy clopropyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
5 2-(4-tert-Butyl-phenyl)-4-(1H-pyrazol-3-ylamino)-2H-phthalazin-1-one; and
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-trifluoromethoxy-phenyl)-2H-

phthalazin-1-one.

Accordingly, in some embodiments, the presently disclosed subject matter
10 relates to compounds, and methods of use thereof, which can promote the survival
and/or neurite outgrowth of retinal ganglion cells (RGCs) and/or photoreceptor cells.
In some embodiments, a compound of Formula (I), or other compounds disclosed
herein, or a pharmaceutically acceptable salt thereof, can prevent the death of one or
more damaged neuronal cells. In other embodiments, a compound of Formula (I), or
15 other compounds disclosed herein, can be used to promote the growth or regeneration
of all or part of a neuronal cell, including, but not limited to, the growth of a neurite,
such as an axon, a dendrite, and the like.
As used herein, a “neuron or portion thereof” can consist of or be a portion of
a neuron selected from the group consisting of a cerebellar granule neuron, a dorsal
20 root ganglion neuron, a cortical neuron, a sympathetic neuron, and a hippocampal
neuron. More particularly, the term "neuron" as used herein denotes nervous system
cells that include a central cell body or soma, and two types of extensions or
projections: dendrites, by which, in general, the majority of neuronal signals are
conveyed to the cell body; and axons, by which, in general, the majority of neuronal
25  signals are conveyed from the cell body to effector cells, such as target neurons or
muscle. Neurons can convey information from tissues and organs into the central
nervous system (afferent or sensory neurons) and transmit signals from the central
nervous systems to effector cells (efferent or motor neurons). Other neurons,
designated interneurons, connect neurons within the central nervous system (the brain
30  and spinal column). Certain specific examples of neuron types that may be subject to
treatment according to the presently disclosed subject matter include cerebellar
granule neurons, dorsal root ganglion neurons, and cortical neurons. Further, as used
herein, the term "neurite" means a projection from the cell body of a neuron

including, e.g., an axon or a dendrite.
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Without wishing to be bound to any one particular theory, it is believed that
the presently disclosed compounds can modulate: (1) the activity or expression of a
target protein in the neuron or portion thereof; (ii) a process in the neuron or portion
thereof’ or (ii1) a biological pathway associated with a neurodegenerative disease,

5  disorder, or condition. In particular embodiments, the presently disclosed compounds
inhibit one or more protein kinases involved in a biological pathway associated with a
neurodegenerative disease, disorder, or condition. As used herein, the term "inhibit"
or "inhibits" means to decrease, suppress, attenuate, diminish, arrest, or stabilize the
development or progression of a disease, disorder, or condition, or the activity of a

10 biological pathway, e.g., by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 98%, 99%, or even 100% compared to an untreated control subject, cell,
or biological pathway. By the term "decrease" is meant to inhibit, suppress, attenuate,
diminish, arrest, or stabilize a symptom of a neurodegenerative disease, disorder, or
condition. It will be appreciated that, although not precluded, treating a disease,

15  disorder or condition does not require that the disease, disorder, condition or
symptoms associated therewith be completely eliminated.

In some embodiments, the neuron or portion thereof can be present in a
subject, such as a human subject. The subject can, for example, have or be at risk of
developing a disease, disorder, or condition selected from the group consisting of (1) a

20 disease, disorder, or condition of the nervous system; (i1) a condition of the nervous
system that 1s secondary to a disease, disorder, or condition, or a therapy having a
primary effect outside of the nervous system; (iii) an injury to the nervous system,
such as, for example, an injury caused by physical, mechanical, or chemical trauma;
(1v) pain; (v) ocular-related neurodegeneration; (vi) memory loss; and (vii) a

25  psychiatric disorder.

Accordingly, in some embodiments, a compound of Formula (I) can be used to
treat or prevent a neurodegenerative disease, disorder, or condition. As used herein,

the terms "treat," treating," "treatment," and the like, are meant to decrease, suppress,
attenuate, diminish, arrest, the underlying cause of a disease, disorder, or condition, or

30  tostabilize the development or progression of a disease, disorder, condition, and/or

symptoms associated therewith. The terms "treat," "treating," "treatment," and the
like, as used herein can refer to curative therapy, prophylactic therapy, and
preventative therapy. The treatment, administration, or therapy can be consecutive or

intermittent. Consecutive treatment, administration, or therapy refers to treatment on
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at least a daily basis without interruption in treatment by one or more days.
Intermittent treatment or administration, or treatment or administration in an
intermittent fashion, refers to treatment that is not consecutive, but rather cyclic in
nature. Treatment according to the presently disclosed methods can result in

5 complete relief or cure from a disease, disorder, or condition, or partial amelioration
of one or more symptoms of the disease, disease, or condition, and can be temporary
or permanent. The term "treatment" also is intended to encompass prophylaxis,

therapy and cure.

As used herein, the terms "prevent," "preventing," "prevention," "prophylactic

10 treatment" and the like refer to reducing the probability of developing a disease,
disorder, or condition in a subject, who does not have, but is at risk of or susceptible
to developing a disease, disorder, or condition. Thus, in some embodiments, an agent
can be administered prophylactically to prevent the onset of a disease, disorder, or
condition, or to prevent the recurrence of a disease, disorder, or condition.

15 By "agent" 1s meant a compound of Formula (I), or other compounds
disclosed herein, or another agent, e.g., a peptide, nucleic acid molecule, or other
small molecule compound administered in combination with a compound of Formula
(D), or other compounds disclosed herein. More generally, the term "therapeutic
agent" means a substance that has the potential of affecting the function of an

20 organism. Such an agent may be, for example, a naturally occurring, semi-synthetic,
or synthetic agent. For example, the therapeutic agent may be a drug that targets a
specific function of an organism. A therapeutic agent also may be a nutrient. A
therapeutic agent may decrease, suppress, attenuate, diminish, arrest, or stabilize the
development or progression of disease, disorder, or condition in a host organism.

25 The term "administering" as used herein refers to contacting a neuron or
portion thereof with a compound of Formula (I), or other compounds disclosed herein.
This term includes administration of the presently disclosed compounds to a subject in
which the neuron or portion thereof is present, as well as introducing the presently
disclosed compounds into a medium in which a neuron or portion thereof is cultured.

30 By “contacting™ a cell, it is meant any action that results in at least one
molecule of one of the presently disclosed compounds physically contacting at least
one cell. It thus may comprise exposing the cell(s) to the compound in an amount
sufficient to result in contact of at least one molecule of compound with at least one

cell. The method can be practiced in vitro or ex vivo, by introducing, and preferably
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mixing, the compound and cells in a controlled environment, such as a culture dish or
tube. The method can be practiced in vivo, in which case contacting means exposing
at least one cell in a subject to at least one molecule of compound of the presently
disclosed subject matter, such as administering the compound to a subject via any

5  suitable route. According to the presently disclosed subject matter, contacting may
comprise introducing, exposing, and the like, the compound at a site distant to the
cells to be contacted, and allowing the bodily functions of the subject, or natural (e.g.,
diffusion) or man-induced (e.g., swirling) movements of fluids to result in contact of
the compound and cell(s).

10 By "neurodegenerative disease, disorder, or condition" is meant a disease,
disorder, or condition (including a neuropathy) associated with degeneration or
dysfunction of neurons or other neural cells, such as retinal ganglion cells or
photoreceptor cells. A neurodegenerative disease, disorder, or condition can be any
disease, disorder, or condition in which decreased function or dysfunction of neurons,

15  orloss or neurons or other neural cells, can occur. As used herein, the term "disorder"
in general refers to any condition that would benefit from treatment with a compound
of Formula (I), including any disease, disorder, or condition that can be treated by an
effective amount of a compound of Formula (I), or other compounds disclosed herein,
or a pharmaceutically acceptable salt thereof.

20 Such diseases, disorders, or conditions include, but are not limited to,
glaucoma, retinitis pigmentosa, and age-related macular degeneration, and
neurodegenerative diseases, disorders, or conditions of the nervous systems, such as
or associated with amyotrophic lateral sclerosis (ALS), trigeminal neuralgia,
glossopharyngeal neuralgia, Bell's Palsy, myasthenia gravis, muscular dystrophy,

25  progressive muscular atrophy, primary lateral sclerosis (PLS), pseudobulbar palsy,
progressive bulbar palsy, spinal muscular atrophy, inherited muscular atrophy,
invertebrate disk syndromes, cervical spondylosis, plexus disorders, thoracic outlet
destruction syndromes, peripheral neuropathies, prophyria, Alzheimer's disease,
Huntington's disease, Parkinson's disease, Parkinson's-plus diseases, multiple system

30  atrophy, progressive supranuclear palsy, corticobasal degeneration, dementia with
Lewy bodies, frontotemporal dementia, demyelinating diseases, Guillain-Barre
syndrome, multiple sclerosis, Charcot-Marie-Tooth disease, prion diseases,

Creutzfeldt-Jakob disease, Gerstmann-Straussler-Scheinker syndrome (GSS), fatal
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familial insomnia (FFT), bovine spongiform encephalopathy (BSE), Pick's disease,
epilepsy, and AIDS demential complex.

Other neurodegenerative diseases, disorders, or conditions of the nervous
systems, such as or associated with alcoholism, Alexander's disease, Alper's disease,
ataxia telangiectasia, Batten disease (also known as Spielmeyer-Vogt-Sjogren-Batten
disease), Canavan disease, Cockayne syndrome, diabetic neuropathy, frontotemporal
lobar degeneration, HIV-associated dementia, Kennedy's disease, Krabbe's disease,
neuroborreliosis, Machado-Joseph disease (Spinocerebellar ataxia type 3), wet or dry
macular degeneration, Niemann Pick disease, Pelizaeus-Merzbacher Disease,
photoreceptor degenerative diseases, such as retinitis pigmentosa and associated
diseases, Refsum's disease, Sandhoff's disease, Schilder's disease, subacute combined
degeneration of spinal cord secondary to pernicious anemia, Spielmeyer-Vogt-
Sjogren-Batten disease (also known as Batten disease), spinocerebellar ataxia
(multiple types with varying characteristics), Steele-Richardson-Olszewski disease,
and tabes dorsalis.

Examples of ocular-related neurodegeneration include, but are not limited to,
glaucoma, lattice dystrophy, retinitis pigmentosa, age-related macular degeneration
(AMD), photoreceptor degeneration associated with wet or dry AMD, other retinal
degeneration, optic nerve drusen, optic neuropathy, and optic neuritis.

Non-limiting examples of different types of glaucoma that can be prevented or
treated according to the presently disclosed subject matter include primary glaucoma
(also known as primary open-angle glaucoma, chronic open-angle glaucoma, chronic
simple glaucoma, and glaucoma simplex), low-tension glaucoma, primary angle-
closure glaucoma (also known as primary closed-angle glaucoma, narrow-angle
glaucoma, pupil-block glaucoma, and acute congestive glaucoma), acute angle-
closure glaucoma, chronic angle-closure glaucoma, intermittent angle-closure
glaucoma, chronic open-angle closure glaucoma, pigmentary glaucoma, exfoliation
glaucoma (also known as pseudoexfoliative glaucoma or glaucoma capsulare),
developmental glaucoma (e.g., primary congenital glaucoma and infantile glaucoma),
secondary glaucoma (e.g.. inflammatory glaucoma (e.g., uveitis and Fuchs
heterochromic iridocyclitis)), phacogenic glaucoma (e.g., angle-closure glaucoma
with mature cataract, phacoanaphylactic glaucoma secondary to rupture of lens
capsule, phacolytic glaucoma due to phacotoxic meshwork blockage, and subluxation

of lens), glaucoma secondary to intraocular hemorrhage (e.g., hyphema and hemolytic
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glaucoma, also known as erythroclastic glaucoma), traumatic glaucoma (e.g., angle
recession glaucoma, traumatic recession on anterior chamber angle, postsurgical
glaucoma, aphakic pupillary block, and ciliary block glaucoma), neovascular
glaucoma, drug-induced glaucoma (e.g., corticosteroid induced glaucoma and alpha-
chymotrypsin glaucoma), toxic glaucoma, and glaucoma associated with intraocular
tumors, retinal detachments, severe chemical burns of the eye, and iris atrophy. In
certain embodiments, the neurodegenerative disease, disorder, or condition is a
disease, disorder, or condition that is not associated with excessive angiogenesis, for
example, a glaucoma that is not neovascular glaucoma.

Examples of conditions of the nervous system that are secondary to a disease,
disorder, condition, or therapy having a primary effect outside of the nervous system
include, but are not limited to, peripheral neuropathy or neuralgia caused by diabetes,
cancer, AIDS, hepatitis, kidney dysfunction, Colorado tick fever, diphtheria, HIV
infection, leprosy, Lyme disease, polyarteritis nodosa, rheumatoid arthritis,
sarcoidosis, Sjogren syndrome, syphilis, systemic lupus ervthematosus, and
amyloidosis.

Examples of pain include, but are not limited to, chronic pain, fibromyalgia,
spinal pain, carpel tunnel syndrome, pain from cancer, arthritis, sciatica, headaches,
pain from surgery, muscle spasms, back pain, visceral pain, pain from injury, dental
pain, neuralgia, such as neuogenic or neuropathic pain, nerve inflammation or
damage, shingles, herniated disc, a torn ligament, and diabetes.

Examples of injuries to the nervous system caused by physical, mechanical, or
chemical trauma include, but are not limited to, nerve damage caused by exposure to
toxic compounds, heavy metals (e.g., lead, arsenic, and mercury), industrial solvents,
drugs, chemotherapeutic agents, dapsone, HIV medications (e.g., zidovudine,
didanosine, stavudine, zalcitabine, ritonavir, and amprenavir), cholesterol lowering
drugs (e.g., lovastatin, indapamide, and gemfibrozil), heart or blood pressure
medications (e.g., amiodarone, hydralazine, perhexiline), and metronidazole.

Further examples also include burn, wound, surgery, accidents, ischemia, and
prolonged exposure to cold temperature (e.g., frost bite), stroke, intracranial
hemorrhage, and cerebral hemorrhage. More particularly, traumatic injury or other
damage to neuronal cells (e.g., trauma due to accident, blunt-force injury, gunshot
injuty, spinal cord injury, ischemic conditions of the nervous system such as stroke,

cell damage due to aging or oxidative stress, and the like) also 1s intended to be
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included within the language "neurodegenerative disease, disorder, or condition." In
such embodiments, the presently disclosed methods can be used to treat neuronal
damage due to traumatic injury or stroke by preventing death of damaged neuronal
cells and/or by promoting or stimulating neurite growth from damaged neuronal cells.
5 Examples of psychiatric disorders include, but are not limited to,

schizophrenia, delusional disorder, schizoaffective disorder, schizopheniform, shared
psychotic disorder, psychosis, paranoid personality disorder, schizoid personality
disorder, borderline personality disorder, anti-social personality disorder, narcissistic
personality disorder, obsessive-compulsive disorder, delirium, dementia, mood

10 disorders, bipolar disorder, depression, stress disorder, panic disorder, agoraphobia,
social phobia, post-traumatic stress disorder, anxiety disorder, and impulse control
disorders.

The subject treated by the presently disclosed methods in their many

embodiments is desirably a human subject, although it is to be understood that the

15 methods described herein are effective with respect to all vertebrate species, which
are intended to be included in the term “subject.” Accordingly, a “subject” can
include a human subject for medical purposes, such as for the treatment of an existing
disease, disorder, condition or the prophylactic treatment for preventing the onset of a
disease, disorder, or condition or an animal subject for medical, veterinary purposes,

20 or developmental purposes. Suitable animal subjects include mammals including, but
not limited to, primates, e.g., humans, monkeys, apes, gibbons, chimpanzees,
orangutans, macaques and the like; bovines, e.g., cattle, oxen, and the like; ovines,
e.g., sheep and the like; caprines, e.g., goats and the like; porcines, e.g., pigs, hogs,
and the like; equines, e.g., horses, donkeys, zebras, and the like; felines, including

25  wild and domestic cats; canines, including dogs; lagomorphs, including rabbits, hares,
and the like; and rodents, including mice, rats, guinea pigs, and the like. An animal
may be a transgenic animal. In some embodiments, the subject is a human including,
but not limited to, fetal, neonatal, infant, juvenile, and adult subjects. Further, a
“subject” can include a patient afflicted with or suspected of being afflicted with a

30  disease, disorder, or condition. Thus, the terms “subject™ and “patient” are used
interchangeably herein. Subjects also include animal disease models (e.g., rats or
mice used in experiments, e.g., optic crush experiments, and the like).

In particular embodiments, the subject is suffering from or susceptible to a

neurodegenerative disease, disorder, or condition, such as glaucoma, e.g., a subject
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diagnosed as suffering from or susceptible to a neurodegenerative disease, disorder, or
condition. In other embodiments, the subject has been identified (e.g., diagnosed) as
suffering from or susceptible to a neurodegenerative disease, disorder, or condition
(including traumatic injury) in which neuronal cell loss 1s implicated, or in which
damage to neurites 1s involved, and for which treatment or prophylaxis is desired.

In certain embodiments, the subject is not suffering, or has not been diagnosed
as suffering, from cancer. In certain embodiments, the subject is not suffering, or has
not been diagnosed as suffering, from a disorder related to excess angiogenesis. In
certain embodiments in which a cell 1s contacted with a compound of Formula (I), or
a pharmaceutically acceptable salt thereof, the cell is not a neoplastic cell. In certain
embodiments of the above aspects, the cell is a mammalian cell, more preferably a
human cell.

In some embodiments, the presently disclosed methods produce at least about
a 10% , 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, or even 100% decrease in cell loss or loss of function relative
to cell survival or cell function measured in absence of the tested compound, i.e., a
control sample, in an assay. In other embodiments, the compounds and amounts for
use in the presently disclosed therapeutic methods produce at least about 10% to 15%
increase in neuron count, neuron function, neurite count, neurite total length, or
neurite average length relative to absence of the tested compound in an assay.

In any of the above-described methods, the administering of a compound of
Formula (I) can result in at least about a 10% , 15%, 20%, 25%, 30%, 35%, 40%,
45%., 50%, 55%, 60%, 65%, 70%., 75%, 80%, 85%, 90%, 95%, or even 100%
decrease in one or more (e.g., 1,2,3,4,5,6,7, 8.9, or 10) symptoms of a disease,
disorder, or condition of the nervous system; a condition of the nervous system that is
secondary to a disease, disorder, condition, or therapy having a primary effect outside
of the nervous system; injury to the nervous system caused by physical, mechanical,
or chemical trauma; pain; ocular-related neurodegeneration; memory loss; or
psychiatric disorder, compared to a subject that is not administered the one or more of
the agents described herein.

Non-limiting examples of such symptoms include, but are not limited to,
tremors, slowness of movement, ataxia, loss of balance, depression, decreased
cognitive function, short-term memory loss, long-term memory loss, confusion,

changes in personality, language difficulties, loss of sensory perception, sensitivity to
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touch, numbness in extremities, muscle weakness, muscle paralysis, muscle cramps,
muscle spasms, significant changes in eating habits, excessive fear or worry,
insomnia, delusions, hallucinations, fatigue, back pain, chest pain, digestive problems,
headache, rapid heart rate, dizziness, blurred vision, shadows or missing areas of
vision, metamorphopsia, impairment in color vision, decreased recovery of visual
function after exposure to bright light, and loss in visual contrast sensitivity.

In any of the above-described methods, the administering of a compound of
Formula (I) results in at least about a 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or even 100% decrease in
the likelihood of developing a disease, disorder, or condition of the nervous system;
condition of the nervous system that is secondary to a disease, disorder, condition, or
therapy having a primary effect outside of the nervous system; injury to the nervous
system caused by physical, mechanical, or chemical trauma; pain; ocular-related
neurodegeneration; memory loss; or psychiatric disorder, compared to a control
population of subjects that are not administered a compound of Formula (I).

The administration of one or more agent as described herein may result in at
least about a 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, or even 100% decrease in the number of neurons
(or neuron bodies, axons, or dendrites thereof) that degenerate in a neuron population
or in a subject compared to the number of neurons (or neuron bodies, axons, or
dendrites thereof) that degenerate in neuron population or in a subject that is not
administered the one or more of the agents described herein.

In some embodiments, the presently disclosed methods include preventing or
inhibiting neuron or axon degeneration. The phrases "preventing axon degeneration,"
"preventing neuron degeneration," "inhibiting axon degeneration," or "inhibiting
neuron degeneration" as used herein include: (i) the ability to inhibit or prevent axon
or neuron degeneration in patients newly diagnosed as having a neurodegenerative
disease or at risk of developing a new neurodegenerative disease; and (ii) the ability to
inhibit or prevent further axon or neuron degeneration in patients who are already
suffering from, or have symptoms of, a neurodegenerative disease. Preventing axon
or neuron degeneration includes decreasing or inhibiting axon or neuron degeneration,
which may be characterized by complete or partial inhibition of neuron or axon
degeneration. Such prevention or inhibition can be assessed, for example, by analysis

of neurological function. Further, the phrases "preventing neuron degeneration" and
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"Inhibiting neuron degeneration" include such inhibition with respect to the entire
neuron or a portion thereof, such as the neuron cell body, axons, and dendrites.

The above-listed terms also include in vifro and ex vivo methods. For
example, in certain embodiments, the presently disclosed methods are applicable to
cell culture techniques wherein it is desirable to prevent neuronal cell death or loss of
neuronal function. In vifro neuronal culture systems have proved to be fundamental
and indispensable tools for the study of neural development, as well as the
identification of neurotrophic factors, such as nerve growth factor (NGF), ciliary
trophic factors (CNTF), and brain derived neurotrophic factor (BDNF). One use of
certain embodiments of the presently disclosed methods is in cultures of neuronal
cells, such as in the use of such cultures for the generation of new neurons and glia.
In such embodiments, the cultured cells can be contacted with a compound of
Formula (I) to prevent neuronal cell death or loss of neuronal function. In an
exemplary embodiment, the subject method can be used to culture, for example,
sensory neurons or, alternatively, motoneurons. Such neuronal cultures can be used
as convenient assay systems, as well as sources of implantable cells for therapeutic
treatments.

In other examples, the neuron or portion thereof treated according to the
presently disclosed methods is ex vivo or in vitro. Accordingly, the presently
disclosed compounds can be useful as components of culture media for use in
culturing nerve cells in vitro. More particularly, in certain embodiments, the
presently disclosed methods can be used to improve the survival or integration of
transplanted neuronal cells into a host subject (e.g., through a nerve graft or nerve
transplant). Thus, for example, a subject receiving a transplant of neuronal cells can
be treated (before, during, or after the transplantation procedure) with compounds
according to the presently disclosed methods, to prevent cell death of the transplanted
cells (or host cells that may be perturbed during the transplantation procedure), and/or
to promote the growth of neurites in the transplanted cells or the host neuronal cells,
and thereby promote integration of the transplanted cells into the host nervous system,

The presently disclosed subject matter further provides methods of modulating
the growth, cell size, and/or proliferation of a neuron (e.g., cerebellar granule neuron,
a dorsal root ganglion neuron, a cortical neuron, or a sympathetic neuron) by

contacting a neuron with a compound of Formula (I).
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In an embodiment, the presently disclosed subject matter provides a method
for promoting or stimulating RGC or photoreceptor cell survival by contacting the
RGC or photoreceptor cell with a compound of Formula (I). The method comprises
contacting a RGC or photoreceptor cell with at least one compound of Formula (I) in
an amount sufficient to promote RGC or photoreceptor cell survival. In other words,
a method is disclosed that can be used to inhibit or prevent RGC or photoreceptor cell
death. The method comprises contacting a RGC or photoreceptor cell with at least
one compound of Formula (I) in an amount sufficient to inhibit RGC or photoreceptor
cell death. These methods may be performed in vitro, in vivo, or ex vivo. These
methods may promote RGC survival, photoreceptor cell survival, or survival of both
types of cells simultaneously.

As used herein, the term "control RGC or photoreceptor cell" means an RGC
or photoreceptor cell that is known to be uninjured. In these methods, levels of
Aurora-A kinase protein in the potentially injured RGC or photoreceptor cell will
correlate with the levels of Aurora-A kinase protein in a RGC or photoreceptor cell
that has been injured if the RGC or photoreceptor cell in question has also been
injured. Levels of Aurora-A kinase protein in a RGC or photoreceptor cell in
question will correlate with the levels measured in a control RGC or photoreceptor
cell if the RGC or photoreceptor cell in question has not been injured.

In another embodiment, the presently disclosed subject matter provides a
method for identifying injury to an RGC or a photoreceptor cell in a subject, the
method comprising: (a) obtaining a sample from a subject; (b) measuring levels of
Aurora-A kinase protein in the sample; and (¢) comparing the levels of Aurora-A
kinase protein in the sample with the levels of Aurora-A kinase protein in a control
sample; wherein a significant difference between the levels Aurora-A kinase protein
in the sample and the levels of Aurora-A kinase protein in the control sample is
indicative of injury to a RGC or photoreceptor cell in the subject.

As used herein, the term “sample” refers to any sampling of cells, tissues, or
bodily fluids in which expression of a biomarker of interest can be detected. The
sample may be a part of a subject in vivo or ex vivo. In particular embodiments, the
sample for use in the present methods is selected from the group consisting of the
vitreous, the aqueous of the eye, and serum.

As used herein, the term “control sample”, “corresponding control”, or

“appropriate control” means any control or standard familiar to one of ordinary skill

30
SUBSTITUTE SHEET (RULE 26)



WO 2016/130460 PCT/US2016/016957

10

15

20

25

30

in the art useful for comparison purposes. For example, where the sample for use in
the present methods is the vitreous, the aqueous of the eye, or serum, appropriate
corresponding control samples would be the vitreous, the aqueous of the eye, or
serum taken from a subject or subjects that do not have injury to a RGC or
photoreceptor cell.

As used herein, the term "level" or “level of expression™ of a protein or
biomarker refers to the amount of a given protein or biomarker that is detected.
Levels of proteins or biomarkers can be detected at the transcriptional level, the
translational level, and the post-translational level, for example.

As used herein, the terms “significantly different” or “significant difference”
mean a level of expression of a biomarker in a sample that is higher or lower than the
level of expression of the biomarker in a control sample by at least 1.5 fold, 1.6 fold,
1.7 fold, 1.8 fold, 1.9 fold, 2.0 fold, 2.1 fold, 2.2 fold, 2.3 fold, 2.4 fold, 2.5 fold, 2.6
fold, 2.7 fold, 2.8 fold, 2.9 fold, 3.0 fold, 3.1 fold, 3.2 fold, 3.3 fold, 3.4 fold, 3.5 fold,
3.6 fold, 3.7 fold, 3.8 fold, 3.9 fold, 4.0 fold, 4.1 fold, 4.2 fold, 4.3 fold, 4.4 fold, 4.5
fold, 4.6 fold, 4.7 fold, 4.8 fold, 4.9 fold, 5.0 fold or more.

Those of skill in the art are well aware of, and fully capable of selecting and
executing, appropriate assays for measuring levels of Aurora-A kinase protein,
Examples include, but are not limited to, immunohistochemical assays, Western blot
analyses, ELISAs, and the like. Depending on the assay used, the method to
determine if a RGC or photoreceptor cell has been injured may be a simple +/- assay
in which detectable amounts of Aurora-A kinase protein means that the RGC or
photoreceptor cell has been injured and undetectable amounts means that the RGC has
not been injured. In other assays, the relative amounts of Aurora-A kinase protein
may be compared to determine if there is an increase or decrease in protein levels.

B. Pharmaceutical Compositions

The presently disclosed pharmaceutical compositions and formulations
include pharmaceutical compositions of compounds of Formula (I), or other
compounds disclosed herein, alone or in combination with one or more additional
therapeutic agents, in admixture with a physiologically compatible carrier, which can
be administered to a subject, for example, a human subject, for therapeutic or
prophylactic treatment. As used herein, "physiologically compatible carrier" refers to
a physiologically acceptable diluent including, but not limited to water, phosphate

buffered saline, or saline, and, in some embodiments, can include an adjuvant.
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Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages
and concentrations employed, and can include buffers such as phosphate, citrate, and
other organic acids; antioxidants including ascorbic acid, BHA, and BHT; low
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin or immunoglobulins; hydrophilic polymers, such as
polyvinylpyrrolidone, amino acids such as glycine, glutamine, asparagine, arginine, or
lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as
mannitol or sorbitol; salt-forming counter-ions such as sodium; and/or nonionic
surfactants such as Tween, Pluronics, or PEG. Adjuvants suitable for use with the
presently disclosed compositions include adjuvants known in the art including, but not
limited to, incomplete Freund's adjuvant, aluminum phosphate, aluminum hydroxide,
and alum.

Compositions to be used for in vivo administration must be sterile, which can
be achieved by filtration through sterile filtration membranes, prior to or following
lyophilization and reconstitution. Therapeutic compositions may be placed into a
container having a sterile access port, for example, an intravenous solution bag or vial
having a stopper pierceable by a hypodermic injection needle.

One of skill in the art will recognize that the pharmaceutical compositions
include the pharmaceutically acceptable salts of the compounds described above. The
term “pharmaceutically acceptable salts™ is meant to include salts of active
compounds, which are prepared with relatively nontoxic acids or bases, depending on
the particular substituent moieties found on the compounds described herein.

When compounds of the present disclosure contain relatively acidic
functionalities, base addition salts can be obtained by contacting the neutral form of
such compounds with a sufficient amount of the desired base, either neat or in a
suitable inert solvent. Examples of pharmaceutically acceptable base addition salts
include alkali or alkaline earth metal salts including, but not limited to, sodium,
lithium, potassium, calcium, magnesium and the like, as well as nontoxic ammonium,
quaternary ammonium, and amine cations, including, but not limited to ammonium,
tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethylamine and the like.

When compounds of the present disclosure contain relatively basic

functionalities, acid addition salts can be obtained by contacting the neutral form of
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such compounds with a sufficient amount of the desired acid, either neat or in a
suitable inert solvent. Examples of pharmaceutically acceptable acid addition salts
include those derived from inorganic acids including, but not limited to, hydrochloric,
hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric,
hydriodic, or phosphorous acids and the like, as well as the salts derived from
relatively nontoxic organic acids, such as acetic (acetates), propionic (propionates),
isobutyric (isobutyrates), maleic (maleates), malonic, benzoic (benzoates), succinic
(succinates), suberic, fumaric (fumarates), lactic (lactates), mandelic (mandelates),
phthalic (phthalates), benzenesulfonic (benzosulfonates), p-tolylsulfonic, citric
(citrates), tartaric (tartrates, e.g., (+)-tartrates, (-)-tartrates or mixtures thereof
including racemic mixtures), methanesulfonic, and the like. Other pharmaceutically
acceptable salts, include, but are not limited to, besylate, bicarbonate, bitartrate,
bromide, calcium edetate, carnsylate, carbonate, edetate, edisylate, estolate, esylate,
gluceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine,
hydroxynaphthoate, iodide, isethionate, lactobionate, malate, mesylate, mucate,
napsylate, nitrate, pamoate (embonate), pantothenate, phosphate/diphosphate,
polygalacturonate, salicylate, stearate, subacetate, sulfate, tannate, and teoclate, also
are included.

Also included are salts of amino acids, such as arginate and the like, and salts
of organic acids, such as, glucuronic or galactunoric acids, and the like. See, for
example, Berge et al, “Pharmaceutical Salts”, Journal of Pharmaceutical Science,
1977, 66, 1-19. Some compounds of the present disclosure can contain both basic and
acidic functionalities, which allow the compounds to be converted into either base or
acid addition salts.

The neutral forms of the compounds may be regenerated by contacting the salt
with a base or acid and isolating the parent compound in the conventional manner.
The parent form of the compound differs from the various salt forms in certain
physical properties. For example, salts tend to be more soluble in aqueous or other
protonic solvents than are the corresponding free base forms.

In particular embodiments, the pharmaceutically acceptable salt of a
compound of Formula (I) is selected from the group consisting of HCI, a sulfonate, a
sulfate, phosphate, a malonate, a succinate, a fumarate, a maleate, a tartrate, a

3-sulfopropanoic acid salt, and a citrate. Suitable salts of the presently disclosed
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compounds are disclosed in International PCT Patent Application Publication No.
W02004/000833 to Charrier et al., published December 31, 2003, which is
incorporated herein by reference in its entirety.

Certain compounds of the present disclosure can exist in unsolvated forms, as
well as solvated forms, including hydrated forms. In general, the solvated forms are
equivalent to unsolvated forms and are encompassed within the scope of the present
disclosure. Certain compounds of the present disclosure may exist in multiple
crystalline or amorphous forms. In general, all physical forms are equivalent for the
uses contemplated by the present disclosure and are intended to be within the scope of
the present disclosure.

In addition to salt forms, the present disclosure provides compounds that can
be in a prodrug form. Prodrugs of the compounds described herein are those
compounds that readily undergo chemical changes under physiological conditions to
provide the compounds of the present disclosure. Additionally, prodrugs can be
converted to the compounds of the present disclosure by chemical or biochemical
methods in an ex vivo environment. For example, prodrugs can be slowly converted
to the compounds of the present disclosure when placed in a transdermal patch
reservoir with a suitable enzyme or chemical reagent.

C. Combination Therapies

In certain embodiments, the presently disclosed subject matter also includes
combination therapies. Depending on the particular disease, disorder, or condition to
be treated or prevented, additional therapeutic agents, which are normally
administered to treat or prevent that condition, may be administered in combination
with the compounds of this disclosure. These additional agents may be administered
separately, as part of a multiple dosage regimen, from the composition comprising a
compound of Formula (I), or other compounds disclosed herein. Alternatively, these
agents may be part of a single dosage form, mixed together with the compound of
Formula (I), or other compounds disclosed herein, in a single composition.

By "in combination with" is meant the administration of a compound of
Formula (I), or other compounds disclosed herein, with one or more therapeutic
agents either simultaneously, sequentially, or a combination thereof. Therefore, a cell
or a subject administered a combination of a compound of Formula (I), or other
compounds disclosed herein, can receive a compound of Formula (I), or other

compounds disclosed herein, and one or more therapeutic agents at the same time
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(i.e., simultaneously) or at different times (i.e., sequentially, in either order, on the
same day or on different days), so long as the effect of the combination of both agents
is achieved in the cell or the subject. When administered sequentially, the agents can
be administered within 1, 5, 10, 30, 60, 120, 180, 240 minutes or longer of one
another. In other embodiments, agents administered sequentially, can be administered
within 1, 5, 10, 15, 20 or more days of one another. Where the compound of Formula
(D), or other compounds disclosed herein, and one or more therapeutic agents are
administered simultaneously, they can be administered to the cell or administered to
the subject as separate pharmaceutical compositions, each comprising either a
compound of Formula (I), or other compounds disclosed herein, or one or more
therapeutic agents, or they can contact the cell as a single composition or be
administered to a subject as a single pharmaceutical composition comprising both
agents.

When administered in combination, the effective concentration of each of the
agents to elicit a particular biological response may be less than the effective
concentration of each agent when administered alone, thereby allowing a reduction in
the dose of one or more of the agents relative to the dose that would be needed if the
agent was administered as a single agent. The effects of multiple agents may, but
need not be, additive or synergistic. The agents may be administered multiple times.
In such combination therapies, the therapeutic effect of the first administered
compound is not diminished by the sequential, simultaneous or separate
administration of the subsequent compound(s).

A compound of Formula (I), or other compounds disclosed herein, can be used
in therapy in combination with one or more other compounds used to treat a
neurodegenerative disease, disorder, or condition. For example, a compound of
Formula (I), or other compounds disclosed herein, can be co-administered in
combination with one or more other compounds, for example, at a ratio in the range
of 1:1-1:5-5:1, 1:1-1:10-10:1, 1:1-1:25-25:1, 1:1-1:100-100:1, 1:1-1:1000-1000:1 or
1:1-1:10,000-10, 000:1, and the like. For example, in the treatment of glaucoma,
other anti-glaucoma medicaments can be used in combination with compounds of
Formula (I), or other compounds disclosed herein, including, but not limited to, beta-
blockers, including levobunolol (BETAGAN), timolol (BETIMOL, TIMOPTIC),
betaxolol (BETOPTIC) and metipranolol (OPTIPRANOLOL); alpha-agonists, such
as apraclonidine (IOPIDINE) and brimonidine (ALPHAGAN); carbonic anhydrase
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inhibitors, such as acetazolamide, methazolamide, dorzolamide (TRUSOPT) and
brinzolamide (AZOPT); prostaglandins or prostaglandin analogs such as latanoprost
(XALATAN), bimatoprost (LUMIGAN) and travoprost (TRAVATAN); miotic or
cholinergic agents, such as pilocarpine (ISOPTO CARPINE, PILOPINE) and
carbachol (ISOPTO CARBACHOL); epinephrine compounds, such as dipivefrin
(PROPINE); forskolin; or neuroprotective compounds, such as brimonidine and
memantine. In certain embodiments, the compound used in combination with a
compound of Formula (I), or other compounds disclosed herein, is not an anti-
angiogenic agent, such as a steroid derivative, such as 2-methoxyestradiol or analogs
or derivatives thereof. In other embodiments, the additional therapeutic agent can be
an antibiotic.

The presently disclosed compounds of Formula (I), or other compounds
disclosed herein, can be optionally combined with or administered in concert with
each other or other agents known to be useful in the treatment of the relevant disease,
disorder, or condition. Thus, in the treatment of ALS, for example, the presently
disclosed compounds can be administered in combination with Riluzole (RILUTEK),
minocycline, insulin-like growth factor 1 (IGF-1), and/or methylcobalamin. In
another example, in the treatment of Parkinson's disease, the presently disclosed
compounds can be administered with L-dopa, dopamine agonists (e.g., bromocriptine,
pergolide, pramipexole, ropinirole, cabergoline, apomorphine, and lisuride), dopa
decarboxylase inhibitors (e.g., levodopa, benserazide, and carbidopa), and/or MAO-B
inhibitors (e.g., selegiline and rasagiline). In a further example, in the treatment of
Alzheimer's disease, the presently disclosed compounds can be administered with
acetylcholinesterase inhibitors (e.g., donepezil, galantamine, and rivastigmine) and/or
NMDA receptor antagonists (e.g., memantine). The combination therapies can
involve concurrent or sequential administration, by the same or different routes, as
determined to be appropriate by those of skill in the art. The presently disclosed
subject matter also includes pharmaceutical compositions and kits including
combinations as described herein.

In other embodiments, the presently disclosed subject matter includes a
combination therapy of administering a compound of Formula (I), or other
compounds disclosed herein, in combination with surgery, e.g., surgical relief of
intraocular pressure, €.g., via trabeculectomy, laser trabeculoplasty, or drainage

implants, and the like.
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D. Dosage and Mode of Administration

The presently disclosed pharmaceutical compositions can be administered
using a variety of methods known in the art depending on the subject and the
particular disease, disorder, or condition being treated. The administering can be
carried out by, for example, intravenous infusion; injection by intravenous,
intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial or intralesional
routes; or topical or ocular application.

More particularly, as described herein, the presently disclosed compounds can
be administered to a subject for therapy by any suitable route of administration,
including orally, nasally, transmucosally, ocularly, rectally, intravaginally,
parenterally, including intramuscular, subcutaneous, intramedullary injections, as well
as intrathecal, direct intraventricular, intravenous, intra-articullar, intra -sternal, intra-
synovial, intra-hepatic, intralesional, intracranial, intraperitoneal, intranasal, or
intraocular injections, intracisternally, topically, as by powders, ointments or drops
(including eyedrops), including buccally and sublingually, transdermally, through an
inhalation spray, or other modes of delivery known in the art. For example, for ocular
administration, an eyedrop formulation can include an effective concentration of a
compound of Formula (I), or other compounds disclosed herein, together with other
components, such as buffers, wetting agents and the like. Intravitreal injection also
may be employed to administer a presently disclosed compound to the eye.

The phrases "systemic administration," "administered systemically,"
"peripheral administration" and "administered peripherally" as used herein mean the
administration of a compound, drug or other material other than directly into the
central nervous system, such that it enters the patient's system and, thus, is subject to
metabolism and other like processes, for example, subcutaneous administration.

The phrases "parenteral administration" and "administered parenterally" as
used herein mean modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,
intramuscular, intarterial, intrathecal, intracapsular, intraorbital, intraocular,
intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapsular, subarachnoid, intraspinal and intrasternal injection and
infusion.

For intracerebral use, the compounds can be administered continuously by

infusion into the fluid reservoirs of the CNS, although bolus injection may be
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acceptable. The presently disclosed compounds can be administered into the
ventricles of the brain or otherwise introduced into the CNS or spinal fluid.
Administration can be performed by use of an indwelling catheter and a continuous
administration means such as a pump, or it can be administered by implantation, e.g.,
5  intracerebral implantation of a sustained-release vehicle. More specifically, the
presently disclosed compounds can be injected through chronically implanted
cannulas or chronically infused with the help of osmotic minipumps. Subcutaneous
pumps are available that deliver proteins through a small tubing to the cerebral
ventricles. Highly sophisticated pumps can be refilled through the skin and their
10 delivery rate can be set without surgical intervention. Examples of suitable
administration protocols and delivery systems involving a subcutaneous pump device
or continuous intracerebroventricular infusion through a totally implanted drug
delivery system are those used for the administration of dopamine, dopamine
agonists, and cholinergic agonists to Alzheimer's disease patients and animal models
15  for Parkinson's disease, as described by Harbaugh, J. Neural Transm. Suppl. 24:271,
1987; and DeYebenes et al., Mov. Disord. 2: 143, 1987.
The presently disclosed pharmaceutical compositions can be manufactured in
a manner known in the art, e.g. by means of conventional mixing, dissolving,
granulating, dragee-making, levitating, emulsifying, encapsulating, entrapping or
20  lyophilizing processes.
More particularly, pharmaceutical compositions for oral use can be obtained
through combination of active compounds with a solid excipient, optionally grinding
a resulting mixture, and processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients include,
25  but are not limited to, carbohydrate or protein fillers, such as sugars, including
lactose, sucrose, mannitol, or sorbitol; starch from corn, wheat, rice, potato, or other
plants; cellulose, such as methyl cellulose, hydroxypropylmethyl-cellulose, or sodium
carboxymethyl cellulose; and gums including arabic and tragacanth; and proteins,
such as gelatin and collagen; and polyvinylpyrrolidone (PVP:povidone). If desired,
30  disintegrating or solubilizing agents, such as cross-linked polyvinyl pyrrolidone, agar,
alginic acid, or a salt thereof, such as sodium alginate, also can be added to the
compositions.
Dragee cores are provided with suitable coatings, such as concentrated sugar

solutions, which also can contain gum arabic, talc, polyvinylpyrrolidone, carbopol
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gel, polyethylene glycol (PEG), and/or titanium dioxide, lacquer solutions, and
suitable organic solvents or solvent mixtures. Dyestuffs or pigments can be added to
the tablets or dragee coatings for product identification or to characterize the quantity
of active compound, e.g., dosage, or different combinations of active compound
doses.

Pharmaceutical compositions suitable for oral administration include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a
coating, e.g., a plasticizer, such as glycerol or sorbitol. The push-fit capsules can
contain active ingredients admixed with a filler or binder, such as lactose or starches,
lubricants, such as talc or magnesium stearate, and, optionally, stabilizers. In soft
capsules, the active compounds can be dissolved or suspended in suitable liquids,
such as fatty oils, liquid paraffin, or liquid polyethylene glycols (PEGs), with or
without stabilizers. Stabilizers can be added as warranted.

In some embodiments, the presently disclosed pharmaceutical compositions
can be administered by rechargeable or biodegradable devices. For example, a variety
of slow-release polymeric devices have been developed and tested in vivo for the
controlled delivery of drugs, including proteinacious biopharmaceuticals. Suitable
examples of sustained release preparations include semipermeable polymer matrices
in the form of shaped articles, e.g., films or microcapsules. Sustained release matrices
include polyesters, hydrogels, polylactides (U.S. Patent No. 3,773,919; EP 58.481),
copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman et al
Biopolymers 22:547, 1983), poly (2-hydroxyethyl-methacrylate) (Langer et al., J.
Biomed. Mater. Res. 15:167, 1981; Langer, Chem. Tech. 12:98, 1982), ethylene vinyl
acetate (Langer et al., Id), or poly-D-(-)-3-hydroxybutyric acid (EP 133,988A).
Sustained release compositions also include liposomally entrapped compounds, which
can be prepared by methods known per se (Epstein et al., Proc. Natl. Acad. Sci.
U.S.A 82:3688, 1985; Hwang et al , Proc. Natl. Acad. Sci. U.S.A. 77:4030, 1980;
U.S. Patent Nos. 4,485,045 and 4,544,545; and EP 102,324A). Ordinarily, the
liposomes are of the small (about 200-800 Angstroms) unilamelar type in which the
lipid content is greater than about 30 mol % cholesterol, the selected proportion being
adjusted for the optimal therapy. Such materials can comprise an implant, for
example, for sustained release of the presently disclosed compounds, which, in some
embodiments, can be implanted at a particular, pre-determined target site.

Pharmaceutical compositions for parenteral administration include aqueous
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solutions of active compounds. For injection, the presently disclosed pharmaceutical
compositions can be formulated in aqueous solutions, for example, in some
embodiments, in physiologically compatible buffers, such as Hank's solution, Ringer's
solution, or physiologically buffered saline. Aqueous injection suspensions can
contain substances that increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Additionally, suspensions of the active
compounds or vehicles include fatty oils, such as sesame oil, or synthetic fatty acid
esters, such as ethyl oleate or triglycerides, or liposomes. Optionally, the suspension
also can contain suitable stabilizers or agents that increase the solubility of the
compounds to allow for the preparation of highly concentrated solutions.

For nasal or transmucosal administration generally, penetrants appropriate to
the particular barrier to be permeated are used in the formulation. Such penetrants are
generally known in the art.

For inhalation delivery, the agents of the disclosure also can be formulated by
methods known to those of skill in the art, and may include, for example, but not
limited to, examples of solubilizing, diluting, or dispersing substances such as, saline,
preservatives, such as benzyl alcohol, absorption promoters, and fluorocarbons.

Additional ingredients can be added to compositions for topical
administration, as long as such ingredients are pharmaceutically acceptable and not
deleterious to the epithelial cells or their function. Further, such additional
ingredients should not adversely affect the epithelial penetration efficiency of the
composition, and should not cause deterioration in the stability of the composition.
For example, fragrances, opacifiers, antioxidants, gelling agents, stabilizers,
surfactants, emollients, coloring agents, preservatives, buffering agents, and the like
can be present. The pH of the presently disclosed topical composition can be adjusted
to a physiologically acceptable range of from about 6.0 to about 9.0 by adding
buffering agents thereto such that the composition is physiologically compatible with
a subject's skin.

In other embodiments, the pharmaceutical composition can be a lyophilized
powder, optionally including additives, such as 1 mM-50 mM histidine, 0.1%-2%
sucrose, 2%-7% mannitol at a pH range of 4.5 to 5.5 that is combined with buffer
prior to use.

The presently disclosed subject matter also includes the use of a compound of

Formula (I), or other compounds disclosed herein, in the manufacture of a
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medicament for neuroprotection.

Regardless of the route of administration selected, the presently disclosed
compounds, which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions are formulated into pharmaceutically acceptable dosage

5 forms such as described below or by other conventional methods known to those of
skill in the art.

The term "effective amount," as in “a therapeutically effective amount,” of a
therapeutic agent refers to the amount of the agent necessary to elicit the desired
biological response. As will be appreciated by those of ordinary skill in this art, the

10 effective amount of an agent may vary depending on such factors as the desired
biological endpoint, the agent to be delivered, the composition of the pharmaceutical
composition, the target tissue or cell, and the like. More particularly, the term
"effective amount" refers to an amount sufficient to produce the desired effect, e.g., to
reduce or ameliorate the severity, duration, progression, or onset of a disease,

15  disorder, or condition (e.g., a disease, condition, or disorder related to loss of neuronal
cells or cell function), or one or more symptoms thereof’ prevent the advancement of
a disease, disorder, or condition, cause the regression of a disease, disorder, or
condition; prevent the recurrence, development, onset or progression of a symptom
associated with a disease, disorder, or condition, or enhance or improve the

20  prophylactic or therapeutic effect(s) of another therapy.

Actual dosage levels of the active ingredients in the presently disclosed
pharmaceutical compositions can be varied so as to obtain an amount of the active
ingredient that is effective to achieve the desired therapeutic response for a particular
subject, composition, route of administration, and disease, disorder, or condition

25  without being toxic to the subject. The selected dosage level will depend on a variety
of factors including the activity of the particular compound emploved, or salt thereof,
the route of administration, the time of administration, the rate of excretion of the
particular compound being employed, the duration of the treatment, other drugs,
compounds and/or materials used in combination with the particular compound

30  employed, the age, sex, weight, condition, general health and prior medical history of
the patient being treated, and like factors well known in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition

required. For example, the physician or veterinarian could start doses of the
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compounds of Formula (I), or other compounds disclosed herein, employed in the
pharmaceutical composition at levels lower than that required to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is
achieved. Accordingly, the dosage range for administration will be adjusted by the
physician as necessary. It will be appreciated that an amount of a compound required
for achieving the desired biological response, e.g., neuroprotective activity, may be
different from the amount of compound effective for another purpose.

In general, a suitable daily dose of a compound of Formula (I), or other
compounds disclosed herein, will be that amount of the compound that is the lowest
dose effective to produce a therapeutic effect. Such an effective dose will generally
depend upon the factors described above. Generally, doses of the compounds of
Formula (I) will range from about 0.0001 to about 1000 mg per kilogram of body
weight of the subject per day. In certain embodiments, the dosage is between about 1
ug’kg and about 500 mg/kg, more preferably between about 0.01 mg/kg and about 50
mg/kg. For example, in certain embodiments, a dose can be about 1, 5, 10, 15, 20, or
40 mg/kg/day.

If desired, the effective daily dose of the active compound can be administered
as two, three, four, five, six or more sub-doses administered separately at appropriate
intervals throughout the day, optionally, in unit dosage forms.

E. Kits or Pharmaceutical Systems

The presently disclosed compounds and compositions can be assembled into
kits or pharmaceutical systems for use in treating or preventing neurodegenerative
diseases, disorders, or conditions. In some embodiments, the presently disclosed kits
or pharmaceutical systems include a compound of Formula (I), or other compounds
disclosed herein,, or pharmaceutically acceptable salts thereof. In particular
embodiments, the compounds of Formula (I), or other compounds disclosed herein, or
a pharmaceutically acceptable salt thereof, are in unit dosage form. In further
embodiments, the compound of Formula (I), or other compounds disclosed herein, or
a pharmaceutically acceptable salt, can be present together with a pharmaceutically
acceptable solvent, carrier, excipient, or the like, as described herein.

In some embodiments, the presently disclosed kits comprise one or more
containers, including, but not limited to a vial, tube, ampule, bottle and the like, for
containing the compound. The one or more containers also can be carried within a

suitable carrier, such as a box, carton, tube or the like. Such containers can be made
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of plastic, glass, laminated paper, metal foil, or other materials suitable for holding
medicaments.

In some embodiments, the container can hold a composition that is by itself or
when combined with another composition effective for treating or preventing the
condition and may have a sterile access port (for example the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic
injection needle). Alternatively, or additionally, the article of manufacture may
further include a second (or third) container including a pharmaceutically-acceptable
buffer, such as bacteriostatic water for injection (BWFI), phosphate-buffered saline,
Ringer's solution and dextrose solution. It may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents,
filters, needles, and syringes.

The presently disclosed kits or pharmaceutical systems also can include
associated instructions for using the compounds for treating or preventing a
neurodegenerative disease, disorder, or condition. In some embodiments, the
instructions include one or more of the following: a description of the active
compound; a dosage schedule and administration for treating or preventing a
neurodegenerative disease, disorder, or condition; precautions; warnings; indications;
counter-indications; overdosage information; adverse reactions; animal
pharmacology:; clinical studies; and references. The instructions can be printed
directly on a container (when present), as a label applied to the container, as a
separate sheet, pamphlet, card, or folder supplied in or with the container.

I Chemical Definitions

Although specific terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation. Unless otherwise defined,
all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this presently described subject
matter belongs.

While the following terms in relation to the presently disclosed compounds are
believed to be well understood by one of ordinary skill in the art, the following
definitions are set forth to facilitate explanation of the presently disclosed subject
matter. These definitions are intended to supplement and illustrate, not preclude, the
definitions that would be apparent to one of ordinary skill in the art upon review of

the present disclosure.
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The terms substituted, whether preceded by the term “optionally” or not, and
substituent, as used herein, refer to the ability, as appreciated by one skilled in this art,
to change one functional group for another functional group provided that the valency
of all atoms is maintained. When more than one position in any given structure may
be substituted with more than one substituent selected from a specified group, the
substituent may be either the same or different at every position. The substituents
also may be further substituted (e.g., an aryl group substituent may have another
substituent off it, such as another aryl group, which is further substituted, for example,
with fluorine at one or more positions).

Where substituent groups or linking groups are specified by their conventional
chemical formulae, written from left to right, they equally encompass the chemically
identical substituents that would result from writing the structure from right to left,
e.g., -CH20- 1s equivalent to -OCH2-; -C(=0)O- is equivalent to -OC(=0)-; -
OC(=0)NR- is equivalent to - NRC(=0)O-, and the like.

When the term “independently selected” is used, the substituents being
referred to (e.g., R groups, such as groups Ri1, Rz, and the like, or variables, such as
“m” and “n”™), can be identical or different. For example, both R1 and Rz can be
substituted alkyls, or R1 can be hydrogen and Rz can be a substituted alkyl, and the
like.

The terms “a,” “an,” or “a(n),” when used in reference to a group of
substituents herein, mean at least one. For example, where a compound is substituted
with “an” alkyl or aryl, the compound is optionally substituted with at least one alkyl
and/or at least one aryl. Moreover, where a moiety 1s substituted with an R
substituent, the group may be referred to as “R-substituted.” Where a moiety is R-
substituted, the moiety is substituted with at least one R substituent and each R
substituent 1s optionally different.

A named “R” or group will generally have the structure that is recognized in
the art as corresponding to a group having that name, unless specified otherwise
herein. For the purposes of illustration, certain representative “R” groups as set forth
above are defined below.

Description of compounds of the present disclosure are limited by principles
of chemical bonding known to those skilled in the art. Accordingly, where a group
may be substituted by one or more of a number of substituents, such substitutions are

selected so as to comply with principles of chemical bonding and to give compounds
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which are not inherently unstable and/or would be known to one of ordinary skill in
the art as likely to be unstable under ambient conditions, such as aqueous, neutral, and
several known physiological conditions. For example, a heterocycloalkyl or
heteroaryl is attached to the remainder of the molecule via a ring heteroatom in
compliance with principles of chemical bonding known to those skilled in the art
thereby avoiding inherently unstable compounds.

The term hydrocarbon, as used herein, refers to any chemical group
comprising hydrogen and carbon. The hydrocarbon may be substituted or
unsubstituted. As would be known to one skilled in this art, all valencies must be
satisfied in making any substitutions. The hydrocarbon may be unsaturated, saturated,
branched, unbranched, cyclic, polycyclic, or heterocyclic. Illustrative hydrocarbons
are further defined herein below and include, for example, methyl, ethyl, n-propyl,
iso-propyl, cyclopropyl, allyl, vinyl, n-butyl, tert-butyl, ethynyl, cyclohexyl,
methoxyl, diethylamino, and the like.

The term “alkyl,” by itself or as part of another substituent, means, unless
otherwise stated, a straight (i.e., unbranched) or branched chain, acyclic or cyclic
hydrocarbon group, or combination thereof, which may be fully saturated, mono- or
polyunsaturated and can include di- and multivalent groups, having the number of
carbon atoms designated (i.e., C1-C1o means one to ten carbons). In particular
embodiments, the term “alkyl” refers to Ci-20 inclusive, linear (i.e., “straight-chain™),
branched, or cyclic, saturated or at least partially and in some cases fully unsaturated
(i.e., alkenyl and alkynyl) hydrocarbon radicals derived from a hydrocarbon moiety
containing between one and twenty carbon atoms by removal of a single hydrogen
atom.

Representative saturated hydrocarbon groups include, but are not limited to,
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
sec-pentyl, 1so-pentvl, neopentyl, n-hexyl, sec-hexyl, n-heptyl, n-octyl, n-decyl, n-
undecyl, dodecyl, cyclohexyl, (cyclohexyl)methyl, cvclopropylmethyl, and homologs
and isomers thereof.

“Branched” refers to an alkyl group in which a lower alkyl group, such as
methyl, ethyl or propyl, is attached to a linear alkyl chain. “Lower alkyl” refers to an
alkyl group having 1 to about 8 carbon atoms (i.e., a Cis alkyl),e.g.. 1,2, 3,4, 5,6, 7,
or 8 carbon atoms. “Higher alkyl” refers to an alkyl group having about 10 to about

20 carbon atoms, e.g., 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 carbon atoms. In
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certain embodiments, “alkyl” refers, in particular, to Ci-s straight-chain alkyls. In
other embodiments, “alkyl” refers, in particular, to C1-s branched-chain alkyls.

Alkyl groups can optionally be substituted (a “substituted alkyl™) with one or
more alkyl group substituents, which can be the same or different. The term “alkyl
group substituent” includes but is not limited to alkyl, substituted alkyl, halo,
arylamino, acyl, hydroxyl, aryloxyl, alkoxyl, alkylthio, arylthio, aralkyloxyl,
aralkylthio, carboxyl, alkoxycarbonyl, oxo, and cycloalkyl. There can be optionally
inserted along the alkyl chain one or more oxygen, sulfur or substituted or
unsubstituted nitrogen atoms, wherein the nitrogen substituent is hydrogen, lower
alkyl (also referred to herein as “alkylaminoalkyl™), or aryl.

Thus, as used herein, the term “substituted alkyl” includes alkyl groups, as
defined herein, in which one or more atoms or functional groups of the alkyl group
are replaced with another atom or functional group, including for example, alkyl,
substituted alkyl, halogen, aryl, substituted aryl, alkoxyl, hydroxyl, nitro, amino,
alkylamino, dialkylamino, sulfate, and mercapto.

The term “heteroalkyl,” by itself or in combination with another term, means,
unless otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon
group, or combinations thereof, consisting of at least one carbon atoms and at least
one heteroatom selected from the group consisting of O, N, P, Si and S, and wherein
the nitrogen, phosphorus, and sulfur atoms may optionally be oxidized and the
nitrogen heteroatom may optionally be quaternized. The heteroatom(s) O, N, P and S
and Si may be placed at any interior position of the heteroalkyl group or at the
position at which alkyl group is attached to the remainder of the molecule. Examples
include, but are not limited to, -CH2-CH2-O-CH3, -CHz-CH2-NH-CH3,
-CH2-CH2-N(CH3) -CHs, -CH2-S-CH»2-CH3, -CH2-CH25-S(O) -CHs,
-CH2-CH2-S(0):-CH3, -CH=CH-0O-CH3, -Si(CHs)s, -CH2-CH=N-OCHj5,
-CH=CH-N(CHj3) -CH3, -O-CHs, -O-CH2-CH3, and -CN. Up to two or three
heteroatoms may be consecutive, such as, for example, -CH2-NH-OCH; and
-CH2-0-Si(CHj3)s.

As described above, heteroalkyl groups, as used herein, include those groups
that are attached to the remainder of the molecule through a heteroatom, such as
-C(O)R’, -C(O)NR’, -NR'R”, -OR’, -SR, and/or -SOzR’. Where “heteroalkyl™ is
recited, followed by recitations of specific heteroalkyl groups, such as -NR’R or the

like, 1t will be understood that the terms heteroalkyl and -NR’R” are not redundant or
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mutually exclusive. Rather, the specific heteroalkyl groups are recited to add clarity.
Thus, the term “heteroalkyl” should not be interpreted herein as excluding specific
heteroalkyl groups, such as -NR'R” or the like.

“Cyclic” and “cycloalkyl™ refer to a non-aromatic mono- or multicyclic ring
system of about 3 to about 10 carbon atoms, e.g., 3,4, 5, 6,7, 8,9, or 10 carbon
atoms. The cycloalkyl group can be optionally partially unsaturated. The cycloalkyl
group also can be optionally substituted with an alkyl group substituent as defined
herein, oxo, and/or alkylene. There can be optionally inserted along the cyclic alkyl
chain one or more oxygen, sulfur or substituted or unsubstituted nitrogen atoms,
wherein the nitrogen substituent is hydrogen, alkyl, substituted alkyl, aryl, or
substituted aryl, thus providing a heterocyclic group. Representative monocyclic
cycloalkyl rings include cyclopentyl, cyclohexyl, and cycloheptyl. Multicyclic
cycloalkyl rings include adamantyl, octahydronaphthyl, decalin, camphor, camphane,
and noradamantyl, and fused ring systems, such as dihydro- and
tetrahydronaphthalene, and the like.

The term “cycloalkylalkyl,” as used herein, refers to a cycloalkyl group as
defined hereinabove, which is attached to the parent molecular moiety through an
alkyl group, also as defined above. Examples of cycloalkylalkyl groups include
cyclopropylmethyl and cyclopentylethyl.

The terms “cycloheteroalkyl” or “heterocycloalkyl” refer to a non-aromatic
ring system, unsaturated or partially unsaturated ring system, such as a 3- to 10-
member substituted or unsubstituted cycloalkyl ring system, including one or more
heteroatoms, which can be the same or different, and are selected from the group
consisting of nitrogen (N), oxygen (O), sulfur (S), phosphorus (P), and silicon (S1),
and optionally can include one or more double bonds.

The cycloheteroalkyl ring can be optionally fused to or otherwise attached to
other cycloheteroalkyl rings and/or non-aromatic hydrocarbon rings. Heterocyclic
rings include those having from one to three heteroatoms independently selected from
oxygen, sulfur, and nitrogen, in which the nitrogen and sulfur heteroatoms may
optionally be oxidized and the nitrogen heteroatom may optionally be quaternized. In
certain embodiments, the term heterocylic refers to a non-aromatic 5-, 6-, or 7-
membered ring or a polycyclic group wherein at least one ring atom is a heteroatom
selected from O, S, and N (wherein the nitrogen and sulfur heteroatoms may be

optionally oxidized), including, but not limited to, a bi- or tri-cyclic group, comprising
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fused six-membered rings having between one and three heteroatoms independently
selected from the oxygen, sulfur, and nitrogen, wherein (i) each 5-membered ring has
0 to 2 double bonds, each 6-membered ring has 0 to 2 double bonds, and each 7-
membered ring has 0 to 3 double bonds, (i1) the nitrogen and sulfur heteroatoms may
be optionally oxidized, (iii) the nitrogen heteroatom may optionally be quaternized,
and (iv) any of the above heterocyclic rings may be fused to an aryl or heteroaryl ring.
Representative cycloheteroalkyl ring systems include, but are not limited to
pyrrolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl,
piperidyl, piperazinyl, indolinyl, quinuclidinyl, morpholinyl, thiomorpholinyl,
thiadiazinanyl, tetrahydrofuranyl, and the like.

The terms “cycloalkyl” and “heterocycloalkyl”, by themselves or in
combination with other terms, represent, unless otherwise stated, cyclic versions of
“alky]l” and “heteroalkyl™, respectively. Additionally, for heterocycloalkyl, a
heteroatom can occupy the position at which the heterocycle is attached to the
remainder of the molecule. Examples of cycloalkyl include, but are not limited to,
cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.
Examples of heterocycloalkyl include, but are not limited to,
1-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4-morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydrofuran-3-yl,
tetrahy drothien-2-yl, tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like.
The terms “cycloalkylene™ and “heterocycloalkylene™ refer to the divalent derivatives
of cycloalkyl and heterocycloalkyl, respectively.

An unsaturated alkyl group is one having one or more double bonds or triple
bonds. Examples of unsaturated alkyl groups include, but are not limited to, vinyl,
2-propenyl, crotyl, 2-isopentenyl, 2- (butadienyl), 2,4-pentadienyl,
3-(l,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs
and 1somers. Alkyl groups which are limited to hydrocarbon groups are termed
“homoalkyl.”

More particularly, the term “alkenyl” as used herein refers to a monovalent
group derived from a Ci-20 inclusive straight or branched hydrocarbon moiety having
at least one carbon-carbon double bond by the removal of a single hydrogen atom.
Alkenyl groups include, for example, ethenyl (i.e., vinyl), propenyl, butenyl,

1-methyl-2-buten-1-yl, pentenyl, hexenyl, octenyl, and butadienyl.
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The term “cycloalkenyl” as used herein refers to a cyclic hydrocarbon
containing at least one carbon-carbon double bond. Examples of cycloalkenyl groups
include cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadiene, cyclohexenyl,
1,3-cyclohexadiene, cycloheptenyl, cycloheptatrienyl, and cyclooctenyl.

5 The term “alkynyl” as used herein refers to a monovalent group derived from
a straight or branched Cj.20 hydrocarbon of a designed number of carbon atoms
containing at least one carbon-carbon triple bond. Examples of “alkynyl” include
ethynyl, 2-propynyl (propargyl), 1-propynyl, pentynyl, hexynyl, heptynyl, and allenyl
groups, and the like.

10 The term “alkylene™ by itself or a part of another substituent refers to a
straight or branched bivalent aliphatic hydrocarbon group derived from an alkyl group
having from 1 to about 20 carbon atoms, e.g., 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, or 20 carbon atoms. The alkylene group can be straight,
branched or cyclic. The alkylene group also can be optionally unsaturated and/or

15  substituted with one or more “alkyl group substituents.” There can be optionally
inserted along the alkylene group one or more oxygen, sulfur or substituted or
unsubstituted nitrogen atoms (also referred to herein as “alkylaminoalkyl”), wherein
the nitrogen substituent is alkyl as previously described. Exemplary alkylene groups
include methylene (-CHz-); ethylene (-CH>-CH>-); propylene (—(CHz);-);

20 cyclohexylene (—-C¢Hio-), -CH=CH-CH=CH-, -CH=CH-CH>-; -CH2CH2CH2CH>-,
-CH2CH=CHCHz2-, -CH2CsCCHz2-, -CH2CH2CH(CH2CH2CH3)CHz-, —(CH2)¢—N(R)-
(CH2)—, wherein each of q and r 1s independently an integer from 0 to about 20, e.g.,
0,1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20, and R is
hydrogen or lower alkyl; methylenedioxyl (-O—CH2-0O-); and ethylenedioxyl (-O-

25  (CH2)-0O-). An alkylene group can have about 2 to about 3 carbon atoms and can
further have 6-20 carbons. Typically, an alkyl (or alkylene) group will have from 1 to
24 carbon atoms, with those groups having 10 or fewer carbon atoms being some
embodiments of the present disclosure. A “lower alkyl” or “lower alkylene™ is a
shorter chain alkyl or alkylene group, generally having eight or fewer carbon atoms.

30 The term “heteroalkylene” by itself or as part of another substituent means a
divalent group derived from heteroalkyl, as exemplified, but not limited by,
-CH:-CH2-S-CH2-CHa- and -CH»-S-CH»-CH2-NH-CHz-. For heteroalkylene groups,
heteroatoms can also occupy either or both of the chain termini (e.g., alkyleneoxo,

alkylenedioxo, alkyleneamino, alkylenediamino, and the like). Still further, for
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alkylene and heteroalkylene linking groups, no orientation of the linking group is
implied by the direction in which the formula of the linking group is written. For
example, the formula -C(O)OR’- represents both -C(O)OR’- and -R’OC(O) -.

The term “aryl” means, unless otherwise stated, an aromatic hydrocarbon
substituent that can be a single ring or multiple rings (such as from 1 to 3 rings),
which are fused together or linked covalently. The term “heteroaryl” refers to aryl
groups (or rings) that contain from one to four heteroatoms (in each separate ring in
the case of multiple rings) selected from N, O, and S, wherein the nitrogen and sulfur
atoms are optionally oxidized, and the nitrogen atom(s) are optionally quaternized. A
heteroaryl group can be attached to the remainder of the molecule through a carbon or
heteroatom. Non-limiting examples of aryl and heteroaryl groups include phenyl,
I-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pvrazolyl,
2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl,
5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, S-isoxazolyl, 2-thiazolyl, 4-thiazolyl,
5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl,
1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and
6-quinolyl. Substituents for each of above noted aryl and heteroaryl ring systems are
selected from the group of acceptable substituents described below. The terms
“arylene” and “heteroarylene” refer to the divalent forms of aryl and heteroaryl,
respectively.

For brevity, the term “aryl” when used in combination with other terms (e.g.,
aryloxo, arylthioxo, arylalkyl) includes both aryl and heteroaryl rings as defined
above. Thus, the terms “arylalkyl” and “heteroarylalkyl” are meant to include those
groups in which an aryl or heteroary] group is attached to an alkyl group (e.g., benzyl,
phenethyl, pyridylmethyl, furylmethyl, and the like) including those alkyl groups in
which a carbon atom (e.g., a methylene group) has been replaced by, for example, an
oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(I-naphthyloxy)propyl, and
the like). The term “haloaryl,” as used herein, however, is meant to cover only aryls
substituted with one or more halogens.

Where a heteroalkyl, heterocycloalkyl, or heteroaryl includes a specific
number of members (e.g. “3 to 7 membered™), the term “member” refers to a carbon
or heteroatom.

Further, a structure represented generally by the formula:
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as used herein refers to a ring structure, for example, but not limited to a 3-
carbon, a 4-carbon, a 5-carbon, a 6-carbon, a 7-carbon, and the like, aliphatic and/or
aromatic cyclic compound, including a saturated ring structure, a partially saturated
ring structure, and an unsaturated ring structure, comprising a substituent R group,
wherein the R group can be present or absent, and when present, one or more R
groups can each be substituted on one or more available carbon atoms of the ring
structure. The presence or absence of the R group and number of R groups is
determined by the value of the variable “n,” which is an integer generally having a
value ranging from 0 to the number of carbon atoms on the ring available for
substitution. Each R group, if more than one, is substituted on an available carbon of

the ring structure rather than on another R group. For example, the structure above

wheren is 0 to 2 would comprise compound groups including, but not limited to:
Ry

Ry

R,

and the like.

A dashed line representing a bond in a cyclic ring structure indicates that the
bond can be either present or absent in the ring, That is, a dashed line representing a
bond in a cyclic ring structure indicates that the ring structure is selected from the
group consisting of a saturated ring structure, a partially saturated ring structure, and
an unsaturated ring structure.

The symbol ( "W ) denotes the point of attachment of a moiety to the
remainder of the molecule.

When a named atom of an aromatic ring or a heterocyclic aromatic ring is
defined as being “absent,” the named atom is replaced by a direct bond.

Each of above terms (e.g. , “alkyl,” “heteroalkyl,” “cycloalkyl, and

> <<

“heterocycloalkyl”, “aryl,

29 (< 5% ¢

heteroaryl,” “phosphonate,” and “sulfonate™ as well as
their divalent derivatives) are meant to include both substituted and unsubstituted
forms of the indicated group. Optional substituents for each type of group are

provided below.
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Substituents for alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl monovalent
and divalent derivative groups (including those groups often referred to as alkylene,
alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of groups

5  selected from, but not limited to: -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen,
-SiR’R"R’”, -OC(O)R’, -C(O)R’, -CO2R’, -C(O)NR’R”, -OC(O)NR’R”,
NR”C(O)R’, -NR’-C(O)NR™R’”, -NR"C(O)OR’, -NR-C(NR’R™)=NR"", -S(O)R’,
-S(0)2R’, -S(0)2NR’R”, -NRSO2R’, -CN and -NO: in a number ranging from zero to
(2m’+1), where m’ is the total number of carbon atoms in such groups. R’, R”, R*”

10 and R each may independently refer to hydrogen, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl (e.g., aryl substituted with 1-3
halogens), substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl
groups. As used herein, an “alkoxy”™ group is an alkyl attached to the remainder of the

15 molecule through a divalent oxygen. When a compound of the disclosure includes
more than one R group, for example, each of the R groups is independently selected
as are each R’, R”, R*” and R™” groups when more than one of these groups is
present. When R’ and R” are attached to the same nitrogen atom, they can be
combined with the nitrogen atom to form a 4-, 5-, 6-, or 7- membered ring. For

20 example, -NR’R” is meant to include, but not be limited to, 1- pyrrolidinyl and 4-
morpholinyl. From the above discussion of substituents, one of skill in the art will
understand that the term “alkyl” is meant to include groups including carbon atoms
bound to groups other than hydrogen groups, such as haloalkyl (e.g., -CF3 and
-CH:CF3) and acyl (e.g., -C(O)CHs, -C(O)CF3, -C(O)CH20CH3, and the like).

25 Similar to the substituents described for alkyl groups above, exemplary
substituents for aryl and heteroaryl groups (as well as their divalent derivatives) are
varied and are selected from, for example: halogen, -OR’, -NR’R”, -SR’, -halogen,
-SiR’R"R’”, -OC(O)R’, -C(O)R’, -CO2R’, -C(O)NR’R”, -OC(O)NR’R”,
NR”C(O)R’, -NR’-C(O)NR”R’”, -NR"C(Q)OR’, -NR-C(NR’R”R**)=NR"*,

30 -NR-C(NR’R”)=NR’”-S(O)R’, -S(O)2R’, -S(0)2NR’R”, -NRSO2R’, -CN and -NO,
-R’, -N3, -CH(Ph)z2, fluoro(C1-Cs)alkoxo, and fluoro(Ci-Cs)alkyl, in a number ranging
from zero to the total number of open valences on aromatic ring system; and where
R’, R”, R”” and R™ may be independently selected from hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
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unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl and substituted or unsubstituted heteroaryl. When a compound of
the disclosure includes more than one R group, for example, each of the R groups 1s
independently selected as are each R’, R”, R and R™” groups when more than one of
these groups 1s present.

Two of the substituents on adjacent atoms of aryl or heteroaryl ring may
optionally form a ring of the formula -T-C(O) - (CRR”)q-U-, wherein T and U are
independently -NR-, -O-, -CRR’- or a single bond, and q is an integer of from 0 to 3.
Alternatively, two of the substituents on adjacent atoms of aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -A- (CH2):-B-, wherein A and
B are independently -CRR’-, -O-, -NR-, -S-, -S(0) -, -S(0)2-, -S(0):NR’- or a single
bond, and r is an integer of from 1 to 4.

One of the single bonds of the new ring so formed may optionally be replaced
with a double bond. Alternatively, two of the substituents on adjacent atoms of aryl
or heteroaryl ring may optionally be replaced with a substituent of the formula
-(CRR’)s-X’- (C”R’”)¢-, where s and d are independently integers of from O to 3, and
X’ 18 -O-, -NR’-, -S-, -§(0) -, -S(0)2-, or -S(0)2NR’-. The substituents R, R’, R” and
R’ may be independently selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted cvcloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubstituted heteroaryl.

As used herein, the term “acyl” refers to an organic acid group wherein the
-OH of the carboxyl group has been replaced with another substituent and has the
general formula RC(=0)-, wherein R is an alkyl, alkenyl, alkynyl, aryl, carbocylic,
heterocyclic, or aromatic heterocyclic group as defined herein). As such, the term
“acyl” specifically includes arylacyl groups, such as an acetylfuran and a phenacyl
group. Specific examples of acyl groups include acetyl and benzoyl.

The terms “alkoxyl™ or “alkoxy” are used interchangeably herein and refer to a
saturated (i.e., alkyl-O-) or unsaturated (i.e., alkenyl-O- and alkynyl-O-) group
attached to the parent molecular moiety through an oxygen atom, wherein the terms
“alkyl,” “alkenyl,” and “alkynyl” are as previously described and can include Ci-20
inclusive, linear, branched, or cyclic, saturated or unsaturated oxo-hydrocarbon
chains, including, for example, methoxyl, ethoxyl, propoxyl, isopropoxyl, n-butoxyl,

sec-butoxyl, t-butoxyl, and n-pentoxyl, neopentoxyl, n-hexoxyl, and the like.
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The term “alkoxyalkyl” as used herein refers to an alkyl-O-alkyl ether, for
example, a methoxyethyl or an ethoxymethyl group.

“Aryloxyl” refers to an aryl-O- group wherein the aryl group is as previously
described, including a substituted aryl. The term “aryloxyl” as used herein can refer
to phenyloxyl or hexyloxyl, and alkyl, substituted alkyl, halo, or alkoxyl substituted
phenyloxyl or hexyloxyl.

“Aralkyl” refers to an aryl-alkyl-group wherein aryl and alkyl are as
previously described, and included substituted aryl and substituted alkyl. Exemplary
aralkyl groups include benzyl, phenylethyl, and naphthylmethyl.

“Aralkyloxyl” refers to an aralkyl-O- group wherein the aralkyl group is as
previously described. An exemplary aralkyloxyl group is benzyloxyl.

“Alkoxycarbonyl™ refers to an alkyl-O-CO- group. Exemplary
alkoxycarbonyl groups include methoxycarbonyl, ethoxycarbonyl, butyloxycarbonyl,
and t-butyloxycarbonyl.

“Aryloxycarbonyl” refers to an aryl-O-CO- group. Exemplary
aryloxycarbonyl groups include phenoxy- and naphthoxy-carbonyl.

“Aralkoxycarbonyl” refers to an aralkyl-O-CO- group. An exemplary
aralkoxycarbonyl group is benzyloxycarbonyl.

“Carbamoyl” refers to an amide group of the formula —-CONHo>.
“Alkylcarbamoyl” refers to a R’RN-CO- group wherein one of R and R is hydrogen
and the other of R and R’ is alkyl and/or substituted alkyl as previously described.
“Dialkylcarbamoyl” refers to a R"RN-CO- group wherein each of R and R” is
independently alkyl and/or substituted alkyl as previously described.

The term carbonyldioxyl, as used herein, refers to a carbonate group of the
formula —-0-CO-OR.

“Acyloxyl” refers to an acyl-O- group wherein acyl is as previously described.

The term “amino” refers to the -NH> group and also refers to a nitrogen
containing group as is known in the art derived from ammonia by the replacement of
one or more hydrogen radicals by organic radicals. For example, the terms
“acylamino™ and “alkylamino™ refer to specific N-substituted organic radicals with
acyl and alkyl substituent groups respectively.

An “aminoalkyl” as used herein refers to an amino group covalently bound to
an alkylene linker. More particularly, the terms alkylamino, dialkylamino, and

trialkylamino as used herein refer to one, two, or three, respectively, alkyl groups, as
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previously defined, attached to the parent molecular moiety through a nitrogen atom.
The term alkylamino refers to a group having the structure -NHR” wherein R 1s an
alkyl group, as previously defined; whereas the term dialkylamino refers to a group
having the structure -NR’R”, wherein R” and R” are each independently selected from
the group consisting of alkyl groups. The term trialkylamino refers to a group having
the structure -NR'R”R™”, wherein R’, R”, and R*” are each independently selected
from the group consisting of alkyl groups. Additionally, R’, R”, and/or R taken
together may optionally be —(CHz)x— where k is an integer from 2 to 6. Examples
include, but are not limited to, methylamino, dimethylamino, ethylamino,
diethylamino, diethylaminocarbonyl, methylethylamino, iso-propylamino, piperidino,
trimethylamino, and propylamino.

The amino group is -NR'R”, wherein R' and R™ are typically selected from
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.

The terms alkylthioether and thioalkoxyl refer to a saturated (i.e., alkyl-S-) or
unsaturated (i.e., alkenyl-S— and alkynyl-S-) group attached to the parent molecular
motety through a sulfur atom, Examples of thioalkoxyl moieties include, but are not
limited to, methylthio, ethylthio, propylthio, isopropylthio, n-butylthio, and the like.

“Acylamino” refers to an acyl-NH- group wherein acyl is as previously
described. “Aroylamino” refers to an aroyl-NH- group wherein aroyl is as previously
described.

The term “carbonyl” refers to the -(C=0)- group.

The term “carboxyl” refers to the -COOH group. Such groups also are
referred to herein as a “carboxylic acid” moiety.

The terms “halo,” “halide,” or “halogen™ as used herein refer to fluoro, chloro,
bromo, and iodo groups. Additionally, terms such as “haloalkyl,” are meant to
include monohaloalkyl and polyhaloalkyl. For example, the term “halo(Ci-C4)alkyl”
is mean to include, but not be limited to, trifluoromethyl, 2,2,2-trifluoroethyl,
4-chlorobutyl, 3-bromopropyl, and the like.

The term “hydroxyl” refers to the -OH group.

The term “hydroxyalkyl” refers to an alkyl group substituted with an —-OH
group.

The term “mercapto” refers to the —SH group.
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The term “ox0” as used herein means an oxygen atom that is double bonded to
a carbon atom or to another element.

The term “nitro” refers to the -NO2 group.

The term “thio” refers to a compound described previously herein wherein a

5  carbon or oxygen atom is replaced by a sulfur atom.

The term “sulfate” refers to the —SO4 group.

The term thiohydroxyl or thiol, as used herein, refers to a group of the formula
-SH.

The term ureido refers to a urea group of the formula -NH-CO-NHa.

10 Unless otherwise explicitly defined, a “substituent group,” as used herein,
includes a functional group selected from one or more of the following moieties,
which are defined herein:

(A) -OH, -NHa, -SH, -CN, -CF3, -NO», oxo, halogen, unsubstituted alky]l,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

15  unsubstituted aryl, unsubstituted heteroaryl, and

(B) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
substituted with at least one substituent selected from:

(1) ox0, -OH, -NHz, -SH, -CN, -CF3, -NO, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

20 unsubstituted aryl, unsubstituted heteroaryl, and

(i1) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
substituted with at least one substituent selected from:

(a) oxo, -OH, -NHz, -SH, -CN, -CF3, -NO2, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

25  unsubstituted aryl, unsubstituted heteroaryl, and

(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl,
substituted with at least one substituent selected from oxo, -OH, -NHz, -SH, -CN,
-CF3, -NO2, halogen, unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, and unsubstituted

30  heteroaryl.

A “lower substituent” or “lower substituent group,” as used herein means a
group selected from all of the substituents described hereinabove for a “substituent
group,” wherein each substituted or unsubstituted alkyl is a substituted or

unsubstituted C1-Cs alkyl, each substituted or unsubstituted heteroalkyl is a
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substituted or unsubstituted 2 to 8 membered heteroalkyl, each substituted or
unsubstituted cycloalkyl is a substituted or unsubstituted Cs-C~ cycloalkyl, and each
substituted or unsubstituted heterocycloalkyl is a substituted or unsubstituted 5 to 7
membered heterocycloalkyl.

A “size-limited substituent” or “size-limited substituent group,” as used herein
means a group selected from all of the substituents described above for a “substituent
group,” wherein each substituted or unsubstituted alkyl is a substituted or
unsubstituted C1-C2o alkyl, each substituted or unsubstituted heteroalkyl is a
substituted or unsubstituted 2 to 20 membered heteroalkyl, each substituted or
unsubstituted cycloalkyl is a substituted or unsubstituted Cs4-Cs cycloalkyl, and each
substituted or unsubstituted heterocycloalkyl is a substituted or unsubstituted 4 to 8
membered heterocycloalkyl.

Throughout the specification and claims, a given chemical formula or name
shall encompass all tautomers, congeners, and optical- and stereoisomers, as well as
racemic mixtures where such isomers and mixtures exist.

Certain compounds of the present disclosure possess asymmetric carbon atoms
(optical or chiral centers) or double bonds; the enantiomers, racemates, diastereomers,
tautomers, geometric isomers, stereoisometric forms that may be defined, in terms of
absolute stereochemistry, as (R)-or (S)- or, as (D)- or (L)- for amino acids, and
individual isomers are encompassed within the scope of the present disclosure. The
compounds of the present disclosure do not include those which are known in art to
be too unstable to synthesize and/or isolate. The present disclosure is meant to
include compounds in racemic and optically pure forms. Optically active (R)- and
(S)-, or (D)- and (L)-1somers may be prepared using chiral synthons or chiral
reagents, or resolved using conventional techniques. When the compounds described
herein contain olefenic bonds or other centers of geometric asymmetry, and unless
specified otherwise, it is intended that the compounds include both E and Z geometric
isomers.

Unless otherwise stated, structures depicted herein are also meant to include
all stereochemical forms of the structure; i.e., the R and S configurations for each
asymmetric center. Therefore, single stereochemical isomers as well as enantiomeric
and diastereomeric mixtures of the present compounds are within the scope of the
disclosure.

It will be apparent to one skilled in the art that certain compounds of this
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disclosure may exist in tautomeric forms, all such tautomeric forms of the compounds
being within the scope of the disclosure. The term “tautomer,” as used herein, refers
to one of two or more structural isomers which exist in equilibrium and which are
readily converted from one isomeric form to another.

Unless otherwise stated, structures depicted herein are also meant to include
compounds which differ only in the presence of one or more isotopically enriched
atoms. For example, compounds having the present structures except for the
replacement of a hydrogen by a deuterium or tritium, or the replacement of a carbon
by 3C- or *C-enriched carbon are within the scope of this disclosure.

The compounds of the present disclosure may also contain unnatural
proportions of atomic isotopes at one or more of atoms that constitute such
compounds. For example, the compounds may be radiolabeled with radioactive
isotopes, such as for example tritium (*H), iodine-125 (**I) or carbon-14 (C). All
isotopic variations of the compounds of the present disclosure, whether radioactive or
not, are encompassed within the scope of the present disclosure.

The term “protecting group™ refers to chemical moieties that block some or all
reactive moieties of a compound and prevent such moieties from participating in
chemical reactions until the protective group is removed, for example, those moieties
listed and described in T. W. Greene, P.G.M. Wuts, Protective Groups in Organic
Synthesis, 3rd ed. John Wiley & Sons (1999). It may be advantageous, where
different protecting groups are employed, that each (different) protective group be
removable by a different means. Protective groups that are cleaved under totally
disparate reaction conditions allow differential removal of such protecting groups.
For example, protective groups can be removed by acid, base, and hydrogenolysis.
Groups such as trityl, dimethoxytrityl, acetal and tert-butyldimethylsilyl are acid
labile and may be used to protect carboxy and hydroxy reactive moieties in the
presence of amino groups protected with Cbz groups, which are removable by
hydrogenolysis, and Fmoc groups, which are base labile. Carboxylic acid and
hydroxy reactive moieties may be blocked with base labile groups such as, without
limitation, methyl, ethyl, and acetyl in the presence of amines blocked with acid labile
groups such as tert-butyl carbamate or with carbamates that are both acid and base
stable but hydrolytically removable.

Carboxylic acid and hydroxy reactive moieties may also be blocked with

hydrolytically removable protective groups such as the benzyl group, while amine

58
SUBSTITUTE SHEET (RULE 26)



WO 2016/130460 PCT/US2016/016957

groups capable of hydrogen bonding with acids may be blocked with base labile
groups such as Fmoc. Carboxylic acid reactive moieties may be blocked with
oxidatively-removable protective groups such as 2,4-dimethoxybenzyl, while co-
existing amino groups may be blocked with fluoride labile silyl carbamates.

5 Allyl blocking groups are useful in the presence of acid- and base- protecting
groups since the former are stable and can be subsequently removed by metal or pi-
acid catalysts. For example, an allyl-blocked carboxylic acid can be deprotected with
a palladium(O)-catalyzed reaction in the presence of acid labile t-butyl carbamate or
base-labile acetate amine protecting groups. Yet another form of protecting group is a

10 resin to which a compound or intermediate may be attached. As long as the residue is
attached to the resin, that functional group is blocked and cannot react. Once released
from the resin, the functional group is available to react.

Typical blocking/protecting groups include, but are not limited to the

following moieties:

N ©/\§ O/\oig HZC/\/O\(L]/% .

allyl Bn Cbz Alloc Me
CH, CH, 0
CH HyC_ CH, ©
HaC N g )k HC /™ °
e S H3C/ \/\O %
CH, 3 }"ﬂ e ©
HaC
CH
3 Teoc Boc
t-butyl TEDMS
%
o O Y
i T
~
% N K Was PN
0 HaC
HaCO HaC O Q.O

15 pMB tosyl trityl acetyl Fmoc

(13 b4

Following long-standing patent law convention, the terms “a,” “an,” and “the”
refer to “one or more™ when used in this application, including the claims. Thus, for
example, reference to “a subject” includes a plurality of subjects, unless the context

clearly is to the contrary (e.g., a plurality of subjects), and so forth.
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Throughout this specification and the claims, the terms “comprise,”
“comprises,” and “comprising” are used in a non-exclusive sense, except where the
context requires otherwise. Likewise, the term “include” and its grammatical variants
are intended to be non-limiting, such that recitation of items in a list is not to the

5 exclusion of other like items that can be substituted or added to the listed items.

For the purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing amounts, sizes, dimensions, proportions, shapes,
formulations, parameters, percentages, parameters, quantities, characteristics, and
other numerical values used in the specification and claims, are to be understood as

10 being modified in all instances by the term “about™ even though the term “about”™ may
not expressly appear with the value, amount or range. Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the following specification and
attached claims are not and need not be exact, but may be approximate and/or larger
or smaller as desired, reflecting tolerances, conversion factors, rounding off,

15  measurement error and the like, and other factors known to those of skill in the art
depending on the desired properties sought to be obtained by the presently disclosed
subject matter. For example, the term “about,” when referring to a value can be
meant to encompass variations of, in some embodiments, £ 100% in some
embodiments + 50%, in some embodiments + 20%, in some embodiments + 10%, in

20  some embodiments + 5%, in some embodiments +1%, in some embodiments + 0.5%,
and in some embodiments + 0.1% from the specified amount, as such variations are
appropriate to perform the disclosed methods or employ the disclosed compositions.

Further, the term “about” when used in connection with one or more numbers
or numerical ranges, should be understood to refer to all such numbers, including all

25 numbers in a range and modifies that range by extending the boundaries above and
below the numerical values set forth. The recitation of numerical ranges by endpoints
includes all numbers, e.g.. whole integers, including fractions thereof, subsumed

2,3,4

2 2 2 2

within that range (for example, the recitation of 1 to 5 includes 1 and 5, as
well as fractions thereof, e.g., 1.5, 2.25, 3.75, 4.1, and the like) and any range within

30  that range.

EXAMPLE
The following Example has been included to provide guidance to one of

ordinary skill in the art for practicing representative embodiments of the presently
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disclosed subject matter. In light of the present disclosure and the general level of
skill in the art, those of skill can appreciate that the following Example is intended to
be exemplary only and that numerous changes, modifications, and alterations can be

employed without departing from the scope of the presently disclosed subject matter.

EXAMPLE 1
Screening Method

The discovery of phthalazinone pyrazole (PhPZ) as a potential photoreceptor
protective molecule came as a result of high throughput screening efforts using
primary retinal neurons from the Rhodopsin-EGFP knock-in mouse, a GFP reporter
system that reports endogenous GFP levels in photoreceptors. It was discovered that
treatment with (4-[(5-Methyl-1H-pyrazol-3-yl)amino]-2-phenyl-1(2H)-phthalazinone)
causes a significant increase in the number of rhodopsin GFP cells detected in the
assay. In a cell culture viability assay with enriched photoreceptors, PhPZ was
demonstrated to significantly increase the numbers of viable cells. Further, retinal

cells treated with PhPZ significantly upregulate rhodopsin expression.

EXAMPLE 2

PhDZ mediated phororeceptor protection and differentiation is mediated by

one or more kinases.

PhPZ and GSK XIII were used to identify protein kinases involved in the
small molecules’ mechanism of action. Results showed that these molecules
inhibited the kinases GSK3 alpha/beta, DLK, and MST-1, as well as several
other kinases and proteins. The experiment was performed using a 5 mg of a
cell mix (MV411, SKNBE2, COL0O205; K562). Inhibitor concentration applied
0, 3. 10, 30, 100, 300, 1000, 3000, and 30,000 nM.

Overview:
Inhibitor Proteins Kinases
GSK Inhibitor XM 1403 235
PHPZ 1604 247
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Fig 1 shows the Kd values. Figures 2 and 3 show that expression of
CSNK2A2 and NQO2 support a retinal role. Figures 5, 6 and 7 show kinases
targeted by PHPZ. Figures 7and 9 show kinases inhibited by GSK Inhibitor
XIIT.

REFERENCES

All publications, patent applications, patents, and other references mentioned
in the specification are indicative of the level of those skilled in the art to which the
presently disclosed subject matter pertains. All publications, patent applications,
patents, and other references are herein incorporated by reference to the same extent
as if each individual publication, patent application, patent, and other reference was
specifically and individually indicated to be incorporated by reference. It will be
understood that, although a number of patent applications, patents, and other
references are referred to herein, such reference does not constitute an admission that

any of these documents forms part of the common general knowledge in the art.
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al., published September 3, 2009;
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“Pyrazole derivatives as protein kinase modulators,” to Berdini et al., published July
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derivatives,” to Li, et al., published fune 6, 2013;
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Quantitative High Throughput Screening for Small Molecules That Promote
Photoreceptor Differentiation and Survival John A, Fuller, Karl Wahlin, Cynthia
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ARV 2014,

Although the foregoing subject matter has been described in some detail by
5 way of illustration and example for purposes of clarity of understanding, it will be
understood by those skilled in the art that certain changes and modifications can be

practiced within the scope of the appended claims.
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THAT WHICH IS CLAIMED:

1. A method for treating or preventing a neurodegenerative disease,
disorder, or condition in a subject in need thereof, the method comprising
administering to the subject a therapeutically effective amount of a compound of
Formula (I), or a pharmaceutically acceptable salt, hydrate, or prodrug thereof,

thereby treating or preventing the neurodegenerative disease, disorder, or condition:

Rg

Ry

Rs ~
¢ (@

wherein:

R1, Rz and R4 are each independently selected from the group consisting of
Ri10—X—, cycloalkyl-T1-, heterocyclyl-T2-, hydrogen, halogen, nitro, cyano, —OH, --
NH2, -NH-C(O)H, —-C(O)OH, —-C(O)NH2, —S(0)2NH2, -NHC(O)NH2, -C(O)NH-
O-alkyl, —C(O)N(alkyl)-O-alkyl, -NHC(O)NH-O-alkyl, -NHC(O)N(alkyl) —-O—
alkyl, —S(0)2NH-O-alkyl, —S(0O)2N(alkyl)-O-alkyl, and alkyl optionally substituted
one or three times by halogen, hydroxyl or alkoxyl;

R3 is selected from the group consisting of Rio—X—, R11-X1—, R1o—
X1(CH2)m—, R11—X1(CH2)m—, cycloalkyl-T1-, heterocyclyl-T2-, hydrogen, halogen,
nitro, cyano, —OH, -NH2, -NH-C(O)H, —C(O)OH, —C(O)NH2, —S(0)2NH2, —
NHC(O)NH2, —-C(O)NH-0O-alkyl, —C(O)N(alkyl)-O-alkyl, -NHC(O)NH-O-alkyl, —
NHC(O)N(alkyl)-O-alkyl, —-S(0)2NH-O-alkyl, —S(O)2N(alkyl)-O-alkyl, and alkyl
optionally substituted one or three times by halogen, hydroxyl or alkoxyl;

R0 is selected from the group consisting of alkyl, cycloalkyl-T-,
heterocyclyl-Tz-, aryl-Ts-, heteroaryl-T4-, and alkyl optionally substituted one to five
times by halogen;

Ru1 is alkyl, wherein the alkyl is substituted one to three times by hydroxyl,
alkoxyl, carboxyl, amino, alkylamino, dialkylamino, alkylsulfanyl, alkylsulfinyl,
alkylsulfonyl, alkylsulfamoyl, dialkylsulfamoyl, alkylsulfonylamino, phenoxyl, or
heterocyclylsulfonyl;
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X is selected from the group consisting of —C(O)NH-, —C(O)N-alkyl-, —
N(alkyl)C(O)-, -NHC(O)—, -NHC(O)NR 12—, -NHC(O)N-alkyl-, -OC(O)N-alkyl-,
—NHS(0)2—, =S(0)2NR 12—, —S(0)2N(alkyl)—, —-S(0)2—, —S(0)—, —C(0)O—, —OC(O)-,
—C(0)—, -NR 12—, -N(alkyl)—, —O— and —S—; wherein R12 is hydrogen or alkyl;

X1 is selected from the group consisting of —S(0)2—, —S(0)—, —-OC(O)—, —
C(0)-, —C(O)NR 12—, NR12—, —N-alkyl-, —O— and —S—;

T1, T2, T5 and T4 are each independently selected from the group consisting
of a single bond and alkylene optionally substituted one or two times by hydroxyl;

Rs is selected from the group consisting of hydrogen, alkyl being optionally
substituted one or several times by halogen or alkoxyl, heteroaryl, or phenyl, which is
optionally substituted one or two times by halogen, -NO2z, —OH, —C(O)OH, —
C(O)NH-aryl, —C(O)NH2, —C(O)NH-alkyl, —C(O)N(alkyl)2, —C(O)-heterocyclyl, —
NH2, -NHC(O)-aryl, -NHC(O)—cycloalkyl, -NHC(O)-alkyl, -N(alkyl)C(O)-alkyl, —
NHC(0)O-alkyl, —-N(alkyl)C(0)O-alkyl, -NHC(O)-alkoxyalkyl, -NH-S(O)z-aryl, —
NH-S(0)2-alkyl, -C(O)NH-S(0)2-aryl, -C(O)NH-S(O)2-alkyl, —S(0)2-alkyl, -NH-
aryl, —O-aryl, —=S(O)-aryl, aryl, heterocyclyl, cycloalkyl, alkyl, alkoxy or
alkylsulfanyl, said alkyl, alkoxyl and alkylsulfanyl groups being optionally substituted
one or three times by halogen; naphthyl optionally independently substituted with one
to three halogens, phenyl independently substituted with three halogens; 1,3-dihydro-
1sobenzofuranyl, benzo|1,3]dioxol-5-yl, cycloalkyl, alkenyl, and arylalkyl, wherein
the aryl is substituted one to three times by halogen;

Y is selected from the group consisting of alkylene, alkylene-C(O)-, and
alkylene-CH(OH)—;

m is an integer selected from the group consisting of 1, 2, 3, 4, and 5;

nisOorl;

Re is selected from the group consisting of hydrogen, alkyl, cyano, and
halogen;

R7 is selected from the group consisting of hydrogen, alkyl, and cycloalkyl;
and

Rs and Ry are each independently selected from the group consisting of
hydrogen, alkyl, cycloalkyl, and alkoxyl;

or a pharmaceutically acceptable salt thereof.
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2. The method of claim 1, wherein the method of claim 1, wherein the

compound of Formula (I) is a compound of Formula (I)a:

N/NH

Ry ~

wherein:

n=0

Rj is selected from the group consisting of alkyl, R1o—X—, R11—X1—, R1o—
X1(CH2)m—, and R11-X1(CH2)m—;

R1o 1s selected from the group consisting of: alkyl, cycloalkyl-T1-,
heterocyclyl-Tz-, aryl-Ts-, and heteroaryl-T4-;

Ru1 is alkyl, wherein the alkyl is substituted one to three times by hydroxyl,
alkoxyl, carboxyl, amino, alkylamino, dialkylamino, alkylsulfanyl, alkylsulfinyl,
alkylsulfonyl, alkylsulfamoyl, dialkylsulfamoyl, alkylsulfonylamino, phenoxyl or
heterocyclylsulfonyl;

X and X are each independently selected from the group consisting of: —
S(0)2—, —=S(0O)-, —C(O)NR 12—, -NR 12—, —O—, and —S—; wherein R 1 is hydrogen or
alkyl;

T1, T2, T5 and T4 are each independently selected from the group consisting
of a single bond and alkylene optionally substituted one or two times by hydroxyl;

Rs is alkyl, aryl, or arylalkyl, wherein the aryl is substituted one to three times

by halogen;

Re is H or halogen;

R7 is selected from the group consisting of: hydrogen, alkyl, and cycloalkyl;

or a pharmaceutically acceptable salt thereof.

3. The method of claim 2, wherein:

n=0;

R1o 1s selected from the group consisting of: alkyl, cycloalkyl-T1-,
heterocyclyl-Tz-, aryl-Ts-, and heteroaryl-T4-;
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R is alkyl, wherein the alkyl is substituted one or two times by alkoxyl,
carboxyl, dialkylamino, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, dialkylsulfamoy],
phenoxyl or heterocyclylsulfonyl;

X and X are each independently selected from the group consisting of: —
S(0)2—, —=S(0O)-, —C(O)NR 12—, -NR 12—, —O—, and —S—; wherein R 1 is hydrogen or
alkyl;

Re is hydrogen or halogen; and

R7 is alkyl.

4. The method of claim 1, wherein Rs is arylalkyl, wherein the aryl is

substituted one to three times by halogen.

5. The method of claim 2, wherein the compound of Formula (Ia) has the

following structure:

6. The method of claim 2, wherein the compound of Formula (Ia) is
selected from the group consisting of:

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-methylsulfanyl-ethoxy)-
2H-phthalazin-1-one;

2-Isopropyl-7-(2-methoxy-ethoxy)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

2-Isopropyl-7-(2-methanesulfonyl-ethoxy)-4-(5-methyl-1H-pyrazol-3-
ylamino-)-2H-phthalazin-1-one;

2-Isopropyl-7-| methyl-(2-methylsulfanyl-ethyl)-amino|-4-(5-methyl-1H-
pyrazol-3-ylamino)-2H-phtalazin-1-one;
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4-(4-Bromo-5-methyl-1H-pyrazol-3-ylamino)-2-isopropyl-7-(2-
methylsulfanyl-ethoxy)-2H-phthalazin-1-one;
2-Isopropyl-7-[(2-methoxy-ethyl)-methyl-amino]-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
4-(4-Bromo-5-methyl-1H-pyrazol-3-ylamino)-2-isopropyl-7-(2-
methanesulfiny-1-ethoxy)-2H-phthalazin-1-one;
2-Isopropyl-7-(2-methane sulfinyl-ethoxy)-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-methylsul fanyl-
ethylsulfanyl)-2H-phthalazin-1-one;
7-](2-Dimethylamino-ethyl)-methyl-amino]-2-isopropyl-4-(5-methyl-1H-
pyrazol-3-ylamino)-2H-phthalazin-1-one;
3-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-
phthalazin-6-yloxy|-propane-1-sulfonic acid dimethylamide;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-[3-(morpholine-4-sulfonyl-
)-propoxy |-2H-phthalazin-1-one;
2-Isopropyl-7-(2-methanesulfonyl-ethanesulfonyl)-4-(5-methyl-1H-pyrazol -3-
ylamino)-2H-phthalazin-1-one;
7-(2-Dimethylamino-ethoxy)-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
7-(2-Dimethylamino-ethylamino)-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylami no)-2H-phthalazin-1-one;
4-|3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-phthal
azin-6-ylamino|-butyric acid;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo0-3.4-dihydro-
phthalazin-6-yl]-2-methoxy-N-methyl-acetamide;
N-|3-(3,5-Difluoro-benzyl)-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-di-
hydro-phthalazin-6-yl]-2-methoxy-N-methyl-acetamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo0-3.4-dihydro-
phthalazin-6-y1]-N-methyl-2-phenoxy-acetamide;
7-Cyclopropylmethoxymethyl-2-isopropyl-4-(5-methyl- 1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-3-
ylmethoxymethyl)-2H-phthalazin-1-one;

68



WO 2016/130460 PCT/US2016/016957

10

15

20

25

30

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-
ethoxymethyl)-2H-phthalazin-1-one;

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-methylsulfanylmethyl-2H-
phthalazin-1-one; and

2-Isopropyl-7-methanesulfonylmethyl-4-(5-methyl- 1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one.

7. The method of claim 1, wherein the compound of Formula (I) is
selected from the group consisting of:

7-Fluoro-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

7-Hydroxy-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-Isopropyl-7-methoxymethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

2-Benzyl-7-methoxymethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid;

3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid methoxy-amide;

7-Hydroxymethyl-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid amide;

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-morpholino-2H-
phthalazin-1-one;

2-Benzyl-4-(5-methyl- 1H-pyrazol-3-ylamino)-7-morpholino-2H-phthalazin-1-
one;

2-Isopropyl-7-(4-methyl-piperazin-1-yl)-4-(5-methyl-2H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;

2-Isopropyl-7-(4-methyl-piperazin- 1-ylmethyl)-4-(5-methyl- 1H-pyrazol-3-yl-

amino)-2H-phthalazin-1-one;
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2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-morpholin-4-ylmethyl-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-piperidin-1-yl-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-pyrrolidin-1-y1-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-methoxy-2H-phthalazin-1-
one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-2-ylmethoxy)-
2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-3-ylmethoxy)-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(pyridin-4-ylmethoxy)-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-ethoxy)-
2H-phthalazin-1-one;
2-Benzyl-7-methoxy-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
7-Difluoromethoxy-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-methylsulfanyl-2H-
phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-
ethylsulfanyl)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-dimethylamino-2H-
phthalazin-1-one;
2-Isopropyl-7-| methyl-(2-morpholin-4-yl-ethyl)-amino|-4-(5-methy- 1-1H-
pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(methyl-pyridin-4-
ylmethy-1-amino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(methyl-pyridin-3-
ylmethy-1-amino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(methyl-pyridin-2-
ylmethy-1-amino)-2H-phthalazin-1-one;
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7-[(4-Fluoro-benzyl)-methyl-amino|-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(2-morpholin-4-yl-
ethylamino)-2H-phthalazin-1-one;
2-Isopropyl-7-methylamino-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
4-(5-Cyclopropyl-2H-pyrazol-3-ylamino)-7-dimethylamino-2-isopropyl-2H-
phthalazin-1-one;
[3-Isopropyl-1-(5-methyl-2H-pyrazol-3-ylamino)-4-oxo0-3,4-dihydro-
phthalazin-6-yl]-methyl-carbamic acid tert-butyl ester;
3-Isopropyl-1-|3-isopropyl-1-(5-methyl- 1H-pyrazol-3-ylamino)-4-ox0-3,4-di-
hydro-phthalazin-6-yl]|-1-methyl-urea;
[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo-3,4-dihydro-phthalaz-
in-6-yl]-methyl-carbamic acid ethyl ester;
1-|3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-phthal-
azin-6-yl]-3-methyl-urea;
2-Isopropyl-7-methanesulfonyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-oxo0-3.4-dihydro-
phthal- azin-6-y1]-N-methyl-methanesulfonamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3.4-dihydro-
phthal- azin-6-yl]-methanesulfonamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3.4-dihydro-
phthalazin-6-yl|-N-methyl-acetamide;
N-[3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3.4-dihydro-
phthalazin-6-yl]-acetamide;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid diethylamide;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid isopropylamide;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-7-(morpholine-4-carbonyl)-
2-H-phthalazin-1-one;
3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid cyclopropylmethyl ester;
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7-(4-Acetyl-piperazine-1-carbonyl)-2-isopropyl-4-(5-methyl-1H-pyrazol-3-
ylamino)-2H-phthalazin-1-one;

3-Isopropyl-1-(5-methyl-1H-pyrazol-3-ylamino)-4-ox0-3,4-dihydro-
phthalazine-6-carboxylic acid methyl ester;

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-8-morpholino-2H-
phthalazin-1-one; and 2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-8-
dimethylamino-2H-phthalazin-1-one;

6-Fluoro-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-6-morpholino-2H-
phthalazin-1-one;

2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-6-dimethylamino-2H-
phthalazin-1-one;

2-Isopropyl-6-methoxy-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-

2-Isopropyl-6-methoxymethyl-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
6-Hydroxymethyl-2-isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
6-Amino-4-(5-methyl-1H-pyrazol-3-ylamino)-2-phenyl-2H-phthalazin-1-one;
2-Methyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-Isobutyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(2,2,2-trifluoro-ethyl)-2H-phthalazin-1-
one;
2-Isopropyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-(2-Methoxy-ethyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(2-Methoxy-1-methyl-ethyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-phenyl-2H-phthalazin-1-one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-p-tolyl-2H-phthalazin-1-one;
2-(4-Fluoro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthal azin-1-

one;

72



WO 2016/130460 PCT/US2016/016957

2-(4-tert-Butyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
2-(4-Methoxy-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
5 4-(1H-Pyrazol-3-ylamino)-2-p-tolyl-2H-phthalazin-1-one;
3-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo- 1H-phthalazin-2-ylmethyl]-
benzoic acid;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-trifluoromethyl-phenyl)-2-H-
phthalazin-1-one;
10 2-(4-Chloro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-m-tolyl-2H-phthalazin-1-one;
N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl]-
phenyl}-methanesulfonamide;
15 N-Methyl-4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl]-
benzamide;
2-Methoxy-N-{4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-
2-yl]-phenyl}-acetamide;
{4-|4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl|-phenyl } -
20  carbamic acid ethyl ester;
Methyl-{4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl1]-
phenyl}-carbamic acid ethyl ester;
Methyl-{4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl1]-
phenyl}-carbamic acid isopropyl ester;
25 {4-|4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl|-phenyl } -
carbamic acid isopropyl ester;
2-(4-tert-Butyl-2-chloro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;
2-|4-(2-Methyl-propane-2-sulfonyl)-phenyl]-4-(5-methyl-1H-pyrazol-3-ylami-
30  no)-2H-phthalazin-1-one;
N-Ethyl-N- {4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-ox0-1H-phthalazin-2-
yl]-phenyl}-acetamide;
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-nitro-phenyl)-2H-phthal azin-1-one;
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2-(3-tert-Butyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-

one;

2-(4-Isopropyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(4-sec-Butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(3-trifluoromethyl-phenyl)-2H-
phthalazin-1-one;

2-(2-Chloro-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl]-
phenyl}-acetamide;

2,2-Dimethyl-N- {4-[4-(5-methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-
phthalazin-2-yl]-phenyl} -propionamide;

2-(2-Chloro-4-trifluoromethyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2-
H-phthalazin-1-one;

2-(4- Amino-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(4-Benzenesulfinyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

2-(4-Cyclohexyl-phenyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-
1-one;

2-Biphenyl-4-yl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;

2-(2'-Methyl-biphenyl-4-y1)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-
phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-phenoxy-phenyl)-2H-phthalazin-1-
one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-naphthalen-2-yl-2H-phthalazin-1-one-;

N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-yl]-
phenyl-}-benzamide;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-phenylamino-phenyl)-2H-
phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-morpholin-4-yl-phenyl)-2- H-

phthalazin-1-one;
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2-Benzyl-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;
2-(4-Methoxy-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-

one;

2-(3-Methoxy-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(2,5-Difluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthal azin-1-
one;

2-(4-Methanesulfonyl-benzyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2-H-
phthalazin-1-one;

2-(3,4-Difluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthal azin- 1-

one;

2-(2-Fluoro-benzyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(4-Fluoro-benzyl)-4-(5-methyl- 1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

2-(3,5-Difluoro-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthal azin-1-
one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-nitro-benzyl)-2H-phthalazin-1-one;

2-(4-Amino-benzyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-
one;

N-{4-[4-(5-Methyl-1H-pyrazol-3-ylamino)-1-oxo-1H-phthalazin-2-ylmethyl]-
phenyl}acetamide;

N-{4-|1-Oxo0-4-(1H-pyrazol-3-ylamino)- 1H-phthalazin-2-ylmethyl]-phenyl} -
acetamide;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-methylsulfanyl-benzyl)-2H-
phthalazin-1-one;

2-|2-(4-Methoxy-phenyl)-2-oxo-ethyl|-4-(5-methyl-1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;

2-|2-(3-Methoxy-phenyl)-2-oxo-ethyl|-4-(5-methyl-1H-pyrazol-3-ylamino)-
2H-phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-| 2-ox0-2-(4-trifluoromethoxy-phenyl)-
ethyl]|-2H-phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-[ 2-ox0-2-(4-trifluoromethyl-phenyl )-
ethyl]|-2H-phthalazin-1-one;
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-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(2-oxo0-2-phenyl-ethyl)-2H-phthalazin-

2-(2-Hydroxy-2-phenyl-ethyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-

phthalazin-1-one;

2-(2-Benzo[1,3]dioxol-5-yl-2-ox0-ethyl)-4-(5-methyl- 1 H-pyrazol-3-ylamino)-

2H-phthalazin-1-one;

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(2-methyl-thiazol-4-ylmethyl)-2H-

phthalazin-1-one;

one;

one;

one;

one;

4-(5-Methyl-2H-pyrazol-3-ylamino)-2-pyridin-4-ylmethyl-2H-phthalazin-1-

4-(5-Methyl-2H-pyrazol-3-ylamino)-2-pyridin-3-ylmethyl-2H-phthalazin-1-

4-(5-Methyl-2H-pyrazol-3-ylamino)-2-pyridin-2-ylmethyl-2H-phthalazin-1-

4-(5-Methyl-1H-pyrazol-3-ylamino)-2-pyridin-4-yl-2H-phthalazin-1-one;

2-Allyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-one;

2-Cyclopropylmethyl-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-phthalazin-1-

2-(4-tert-Butyl-cyclohexyl)-4-(5-methyl-1H-pyrazol-3-ylamino)-2H-

phthalazin-1-one;

N-[3-(4-tert-Butyl-phenyl)-1-(5-methyl-2H-pyrazol-3-ylamino)-4-oxo-3,4-di-

hydrophthalazin-6-y1]-formamide;

7- Amino-2-(4-tert-butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-

phthalazin-1-one;

2-(4-tert-Butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-7-nitro-2H-

phthalazin-1-one;

2-(4-tert-Butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-6-nitro-2H-

phthalazin-1-one;

6- Amino-2-(4-tert-butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-

phthalazin-1-one;

6-Bromo-2-(4-tert-butyl-phenyl)-4-(5-methyl-2H-pyrazol-3-ylamino)-2H-

phthalazin-1-one;

2-(4-tert-Butyl-phenyl)-4-(5-cyclopropyl-1H-pyrazol-3-ylamino)-2H-

phthalazin-1-one;
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2-(4-tert-Butyl-phenyl)-4-(1H-pyrazol-3-ylamino)-2H-phthalazin-1-one; and
4-(5-Methyl-1H-pyrazol-3-ylamino)-2-(4-trifluoromethoxy-phenyl)-2H-

phthalazin-1-one.

8. The method of any of claims 1 to 7, wherein the neurodegenerative

disease, disorder, or condition is an ocular-related neurodegeneration.

9. The method of claim 8, wherein the ocular-related neurodegeneration
is selected from the group consisting of glaucoma, lattice dystrophy, retinitis
pigmentosa, age-related macular degeneration (AMD), photoreceptor degeneration
associated with wet or dry AMD, other retinal degeneration, optic nerve drusen, optic

neuropathy, and optic neuritis.

10. The method of claim 9, wherein the glaucoma is selected from the
group consisting of primary glaucoma, low-tension glaucoma, primary angle-closure
glaucoma, acute angle-closure glaucoma, chronic angle-closure glaucoma,
intermittent angle-closure glaucoma, chronic open-angle closure glaucoma,
pigmentary glaucoma, exfoliation glaucoma, developmental glaucoma, secondary
glaucoma, phacogenic glaucoma, glaucoma secondary to intraocular hemorrhage,
traumatic glaucoma, neovascular glaucoma, drug-induced glaucoma, toxic glaucoma,
and glaucoma associated with intraocular tumors, retinal detachments, severe

chemical bums of the eye, and iris atrophy.

11.  The method of any of claims 1 to 7, wherein the neurodegenerative
disease, disorder, or condition is or is associated with a disease, disorder, or condition
of the nervous system selected from the group consisting of amyotrophic lateral
sclerosis (ALS), trigeminal neuralgia, glossopharyngeal neuralgia, Bell's Palsy,
myasthenia gravis, muscular dystrophy, progressive muscular atrophy, primary lateral
sclerosis (PLS), pseudobulbar palsy, progressive bulbar palsy, spinal muscular
atrophy, inherited muscular atrophy, invertebrate disk syndromes, cervical
spondylosis, plexus disorders, thoracic outlet destruction syndromes, peripheral
neuropathies, prophyria, Alzheimer's disease, Huntington's disease, Parkinson's
disease, Parkinson's-plus diseases, multiple system atrophy, progressive supranuclear

palsy, corticobasal degeneration, dementia with Lewy bodies, frontotemporal
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dementia, demyelinating diseases, Guillain-Barre syndrome, multiple sclerosis,
Charcot-Marie-Tooth disease, prion diseases, Creutzfeldt-Jakob disease, Gerstmann-
Straussler-Scheinker syndrome (GSS), fatal familial insomnia (FFI), bovine
spongiform encephalopathy (BSE), Pick's disease, epilepsy, AIDS demential
complex, alcoholism, Alexander's disease, Alper's disease, ataxia telangiectasia,
Batten disease, Canavan disease, Cockayne syndrome, diabetic neuropathy,
frontotemporal lobar degeneration, HIV-associated dementia, Kennedy's disease,
Krabbe's disease, neuroborreliosis, Machado-Joseph disease (Spinocerebellar ataxia
type 3), wet or dry macular degeneration, Niemann Pick disease, Pelizaeus-
Merzbacher Disease, photoreceptor degenerative diseases, Refsum's disease,
Sandhoff's disease, Schilder's disease, subacute combined degeneration of spinal cord
secondary to pernicious anemia, Spielmeyer-Vogt-Sjogren-Batten disease (also
known as Batten disease), spinocerebellar ataxia (multiple types with varying

characteristics), Steele-Richardson-Olszewski disease, and tabes dorsalis.

12. The method of any of claims 1 to 7, wherein the neurodegenerative
disease, disorder, or condition comprises one or more conditions that are secondary to
a disease, disorder, condition, or therapy having a primary effect outside of the
nervous system selected from the group consisting of: peripheral neuropathy or
neuralgia caused by diabetes, cancer, AIDS, hepatitis, kidney dysfunction, Colorado
tick fever, diphtheria, HIV infection, leprosy, Lyme disease, polyarteritis nodosa,
rheumatoid arthritis, sarcoidosis, Sjogren syndrome, syphilis, systemic lupus

erythematosus, and amyloidosis.

13. The method of any of claims 1 to 7, wherein the neurodegenerative
disease, disorder, or condition is associated with pain selected from the group
consisting of chronic pain, fibromyalgia, spinal pain, carpel tunnel syndrome, pain
from cancer, arthritis, sciatica, headaches, pain from surgery, muscle spasms, back
pain, visceral pain, pain from injury, dental pain, neuralgia, such as neuogenic or
neuropathic pain, nerve inflammation or damage, shingles, herniated disc, a torn

ligament, and diabetes.
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14, The method of any of claims 1 to 7, wherein the neurodegenerative
disease, disorder, or condition is associated with one or more injuries to the nervous

system.

15. The method of claim 14, wherein the one or more injuries to the
nervous system is related to nerve damage caused by exposure to one or more agents
selected from the group consisting of toxic compounds, heavy metals, industrial
solvents, drugs, chemotherapeutic agents, dapsone, HIV medications, cholesterol

lowering drugs, heart or blood pressure medications, and metronidazole.

16. The method of claim 14, wherein the one or more injuries to the
nervous system is related to nerve damage caused by one or more conditions selected
from the group consisting of burn, wound, surgery, accidents, ischemia, prolonged
exposure to cold temperature, stroke, intracranial hemorrhage, and cerebral

hemorrhage.

17.  The method of any of claims 1 to 7, wherein the neurodegenerative

disease, disorder, or condition comprises a psychiatric disorder.

18. The method of claim 17, wherein the psychiatric disorder is selected
from the group consisting of schizophrenia, delusional disorder, schizoaffective
disorder, schizopheniform, shared psychotic disorder, psychosis, paranoid personality
disorder, schizoid personality disorder, borderline personality disorder, anti-social
personality disorder, narcissistic personality disorder, obsessive-compulsive disorder,
delirium, dementia, mood disorders, bipolar disorder, depression, stress disorder,
panic disorder, agoraphobia, social phobia, post-traumatic stress disorder, anxiety

disorder, and impulse control disorders.

19.  The method of any of claims 1 to 7, wherein the method promotes or

stimulates neurite growth or regeneration from one or more neuronal cells.

20.  The method of any of claims 1 to 7, wherein the method comprises

treating one or more neuronal cells for a nerve transplantation procedure.

79



WO 2016/130460 PCT/US2016/016957

10

15

20

25

30

21. The method of claim 20, wherein the treating is before, during, or after

the transplantation procedure.

22.  The method of any of claims 1 to 7, wherein the method treats or

prevents a neuronal cell loss in the subject.

23.  The method of any of claims 1 to 7, wherein the method prevents

neuronal cell death in the subject.

24, The method of any of claims 1 to 7, wherein the method prevents

apoptosis of one or more neuronal axons in the subject.

25.  The method of any of claims 1 to 7, wherein an additional therapeutic

agent is administered to the subject.

26. The method of claim 25, wherein the additional therapeutic agent is
selected from the group consisting of a beta-blocker, an alpha-agonist, a carbonic
anhydrase inhibitor, a prostaglandin or a prostaglandin analog, a miotic or a
cholinergic agent, an epinephrine compound, forskolin, and one or more additional

neuroprotective compounds.

27.  The method of any of claims 1 to 7, wherein the compound of Formula
(D), or a pharmaceutically acceptable salt thereof, is administered to the subject by a

method selected from the group consisting of oral, topical, parenteral, and systemic.

28. A method for promoting retinal ganglion cell (RGC) or photoreceptor
cell survival, the method comprising contacting a RGC or photoreceptor cell with at
least one compound from any of claims 1 to 7 in an amount sufficient to promote

RGC or photoreceptor cell survival.

29.  The method of claim 28, wherein the method is performed in vitro, in

Vivo, Or ex vVivo.
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30.  The method of claim 1, wherein the compound is not one of the following

compounds shown in Figure 13.

31. A method of identifying a candidate drug for treatment of retinal degeneration,
comprising:

a. providing protein from at least two different protein kinases;

b. contacting the protein of step a with a compound;

¢. measuring the binding of the compound with the protein, or the activity of
the proteins before and after contact; and

d. correlating the compound’s binding or activity change of both proteins with

candidacy for a treatment of retinal degeneration.

32. The method of claim 31 wherein the compound is selected from the group
consisting of a compound of Formula (I), a compound of Formula (Ia), or a

combination thereof.

33. A method for enhancing photoreceptor survival in a subject following a
transplantation comprising administering an effective amount of a compound of
Formula (I), Formula (Ia), or a combination thereof, wherein the transplantation is a
type selected from the group consisting of human stem cell, iPS cell, retinal, or

progenitor-derived transplantation.
34, A method for protecting photorecptors in a subject having a photoreceptor
disease comprising administering an effective amount of a compound of Formula (1),

a compound of Formula (Ia), or a combination thereof.

35. The method of claim 34 wherein the photoreceptor disease is retinitis

pigmentosa or age-related macular degeneration.
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FIGURE 12 STRUCTURE OF GSK INHIBITOR XIII
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FIGURE 13 Arvo poster compounds.
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FIGURE 14: Photoreceptor Viability
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FIGURE 15: Toxicity Studies
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FIGURE 16: Viability Studies
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FIGURE 17: Viability Studies
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FIGURE 18: Protein Expression Studies
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