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1
PERK INHIBITORS AND USES THEREOF IN
TREATING DISEASES ASSOCIATED WITH
AGGREGATION-PRONE PROTEINS

RELATED APPLICATIONS

This application is a National Phase of PCT Patent
Application No. PCT/IL.2017/050655 having International
filing date of Jun. 13, 2017, which claims the benefit of
priority under 35 USC § 119(e) of U.S. Provisional Patent
Application No. 62/349,170 filed on Jun. 13, 2016. The
contents of the above applications are all incorporated by
reference as if fully set forth herein in their entirety.

FIELD AND BACKGROUND OF THE
INVENTION

The present invention, in some embodiments thereof,
relates to therapy, and more particularly, but not exclusively,
to compounds which inhibit pancreatic endoplasmic reticu-
lum kinase (PERK) activity and which are usable in treating
diseases associated with aggregation-prone proteins, such as
Huntington’s disease.

Protein aggregation is a biological phenomenon in which
misfolded proteins form, either intracellularly or extracel-
Iularly, aggregates which are often toxic. Aggregation-prone
proteins produce cellular stress, toxicity and death and are
the cause of many of the neurodegenerative diseases, includ-
ing, for example, ALS, Alzheimer’s, Parkinson’s and prion
disease.

Proteins fold into their native conformation and undergo
a series of post-translational modifications in the endoplas-
mic reticulum (ER) as part of the normal process of cellular
homeostasis. Disruption of cellular protein folding results in
ER stress. Cells respond to ER stress by activation of the
unfolded protein response (UPR) pathways to survive the
stress.

Pancreatic endoplasmic reticulum kinase (PERK), one of
the three identified UPR transducers, is a kinase that phos-
phorylates a single known substrate elF2a, leading to lower
levels of translation initiation, which in turn globally
reduces the load of newly synthesized proteins in the ER.
Reduction in the overall protein-folding load is an effective
response to reduce ER stress. In addition, PERK-mediated
elF2a phosphorylation also induces transcriptional activa-
tion to improve protein-folding capacity, thereby further
promoting cell survival in stressed cells. Among the group
of three prominent UPR transducers that includes also XBP1
and ATF6, PERK may have a broader range of cellular
effects than other transducers, perhaps because of its unique
role in regulating the general translation rate through the
phosphorylation of elF2c.. Indeed, elF2a phosphorylation
appears to account for the entire range of the protective
effects of PERK under ER stress. See, for example, Wang et
al. [Chem Biol Drug Des 2010, 76: 480-495], and references
cited therein.

Huntington’s disease (HD) is a neurodegenerative dis-
ease, which initially affects medium spiny neurons in the
brain striatum, and only later regions of the brain cortex. HD
is a progressive, fatal genetic disorder affecting cognition
and movement. HD is characterized by high sensitivity of
striatal cells, the reasons of which are unknown, though
mechanisms have been proposed involving proteins with
enhanced expression in these cells. A hallmark of Hunting-
ton’s disease is the pronounced sensitivity of striatal neurons
to polyglutamine-expanded huntingtin expression.
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HD arises from mutant forms of the huntingtin (Htt)
protein with expanded polyglutamine (polyQ) tracts (>35
amino acids). This mutation causes Htt aggregation, which
interferes with normal cell metabolism, leading to cytotox-
icity. One of the effects of the expression of mutant Htt is the
activation of the unfolded protein response (UPR) [Car-
nemolla et al., J Biol Chem 2009, 284: 18167-18173;
Duennwald & Lindquist, Genes Dev 2008, 22: 3308-3319;
Leitman et al., Nat Commun 2013, 4:2753; Reijonen et al.,
Exp Cell Res 2008, 314: 950-960].

Some of the present inventors have previously determined
that in cells expressing mutant Huntington, the causative
agent of Huntington’s disease (HD), there is a strong induc-
tion of endoplasmic reticulum (ER) stress, especially in
striatal cells, the cells that first degenerate in HD patients;
and have showed that huntingtin toxicity was reduced by
inhibiting PERK [Leitman et al., PLoS One 2014, 9(3):
€90803; Leitman et al., Nat Commun 2013, 4:2753].

Small molecules inhibitors of PERK, designed mainly for
treating cancet, but also in the context of neurodegenerative
diseases such as prion disease, have been described, for
example, in Wang et al. [Chem Biol Drug Des 2010, 76:
480-495]; Axten et al. [J Med Chem 2012, 55: 7193-7207];,
Axten et al. [ACS Med Chem Lett 2013, 4:964-968]; Moreno
etal. [Sci Transi Med 2013, 5(206):206ral138]; Radford et al.
[Acta Neuropathol 2015, 130:633-642]; and International
Patent Application Publications WO 2011/119663 and WO
2011/146748. These include, for example, the recently
developed GSK2606414 and GSK2656157, and a molecule
denoted A4, the structures of which are presented herein
below.

N O
~N X
4
N NH,
\—v CFs

GSK2606414
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/ N
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Ny CH;
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GSK2606414 and GSK2656157 have been reported to be
potent inhibitors of RIPK 1, which renders their use as PERK
inhibitors difficult to interpret [Rojas-Rivera et al., Cell
Death Differ 2017, 24:1100-1110].

Additional background art includes Atkins et al. [Cancer
Res 2013, 73:1993-2002]; Colla et al. [J Neurosci 2012,
32:3306-3320]; Costa-Mattioli et al. [Cell 2007, 129:195-
206]; Das et al. [Science 2015, 348:239-242]; Efrat [Ann NY
Acad Sci 1999, 875:286-293]; Guyenet et al. [J Vis Exp
2010, (39):1787]; Halliday et al. [Cell Death Dis 2015,
6:e1672]; Krishnamoorthy et al. [Cell Cycle 2014, 13:801-
806]; Li et al. [NeuroRx 2005, 2:447-464]; Ma et al. [Nat
Neurosci 2013, 16:1299-1305]; Mangiarini et al. [Cel/ 1996,
87:493-506]; Moreno et al. [Nature 2012, 485:507-511];
Sidrauski et al. [Elife 2013, 2:e00498]; Tsaytler et al. [Sci-
ence 2011, 332:91-94]; Vieira et al. [PloS One 2015; 10(8):
e0135570]; and U.S. Patent Application Publication No.
2009-0163545.

SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the
invention, there is provided a compound represented by
Formula I*:

Formula I[*
Ry
R
R
R3
wherein:
R, is H;
R, is OH;

R is OH or OR';
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R' is selected from the group consisting of alkyl,
cycloalkyl, heteroalicyclic, aryl and heteroaryl;

R; and R, are each hydrogen;

Ra is alkyl;

Rs-R,, are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl, heteroalicyclic, halo, hydroxy, alkoxy, sul-
fonate, sulfoxide, thiosulfate, sulfate, sulfite, thiosulfite,
phosphonate, thiohydroxy, thioalkoxy, cyano, nitro, azo,
sulfonamide, carbonyl, thiocarbonyl, C-carboxylate, O-car-
boxylate, N-thiocarbamate, O-thiocarbamate, acyl halide,
azide, urea, thiourea, N-carbamate, O-carbamate, C-amide,
N-amide, hydrazine and hydrazide,

for use in treating Huntington’s disease.

According to an aspect of some embodiments of the
invention, there is provided a compound represented by
Formula I:

Formula I

Ry
Ry

R;

wherein:
R, is H;
R, is OH;
R is OH or OR";

R' is selected from the group consisting of alkyl,
cycloalkyl, heteroalicyclic, aryl and heteroaryl;

R; and R, are each hydrogen;

Ra is alkyl;

Rs-R,, are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl, heteroalicyclic, halo, hydroxy, alkoxy, sul-
fonate, sulfoxide, thiosulfate, sulfate, sulfite, thiosulfite,
phosphonate, thiohydroxy, thioalkoxy, cyano, nitro, azo,
sulfonamide, carbonyl, thiocarbonyl, C-carboxylate, O-car-
boxylate, N-thiocarbamate, O-thiocarbamate, acyl halide,
azide, urea, thiourea, N-carbamate, O-carbamate, C-amide,
N-amide, hydrazine and hydrazide,

with the proviso that when R is OR', and R' is methyl, R,
and R, are each other than bromo,

for use in inhibiting an activity of PERK.

According to an aspect of some embodiments of the

invention, there is provided a compound represented by
Formula I:
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Formula I

R,
Ry

R3

wherein:

R, is H;

R, is OH;

R is OH or OR';

R' is selected from the group consisting of alkyl,
cycloalkyl, heteroalicyclic, aryl and heteroaryl;

R; and R, are each hydrogen;

Ra is alkyl;

R5-R,, are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl, heteroalicyclic, halo, hydroxy, alkoxy, sul-
fonate, sulfoxide, thiosulfate, sulfate, sulfite, thiosulfite,
phosphonate, thiohydroxy, thioalkoxy, cyano, nitro, azo,
sulfonamide, carbonyl, thiocarbonyl, C-carboxylate, O-car-
boxylate, N-thiocarbamate, O-thiocarbamate, acyl halide,
azide, urea, thiourea, N-carbamate, O-carbamate, C-amide,
N-amide, hydrazine and hydrazide,

with the proviso that when R is OR', and R' is methyl, R,
and R, are each other than bromo,

for use in treating a disease or disorder associated with
aggregation-prone proteins.

According to an aspect of some embodiments of the
invention, there is provided a compound represented by
Formula I:

Formula I

Ry
Ry

Rz

wherein:
R, is H;
R, is OH;
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6
R is OH or OR";

R' is selected from the group consisting of alkyl,
cycloalkyl, heteroalicyclic, aryl and heteroaryl;

R, and R, are each hydrogen;

Ra is alkyl;

Rs-R,, are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, heteroaryl, heteroalicyclic, halo, hydroxy, alkoxy, sul-
fonate, sulfoxide, thiosulfate, sulfate, sulfite, thiosulfite,
phosphonate, thiohydroxy, thioalkoxy, cyano, nitro, azo,
sulfonamide, carbonyl, thiocarbonyl, C-carboxylate, O-car-
boxylate, N-thiocarbamate, O-thiocarbamate, acyl halide,
azide, urea, thiourea, N-carbamate, O-carbamate, C-amide,
N-amide, hydrazine and hydrazide,

with the proviso that when R is OR', and R' is methyl, R,
and R, are each other than bromo,

for use in treating a disease or disorder in which down-
regulating an unfolded protein response is beneficial.

According to some embodiments of any of the embodi-
ments of the invention, the compound is for use in treating
a disease or disorder in which PERK inhibition is beneficial.

According to some embodiments of any of the embodi-
ments of the invention, R, and R,, are each other than
bromo.

According to some embodiments of any of the embodi-
ments of the invention, when R is OR', and R' is methyl, R,
and R, are each other than bromo.

According to some embodiments of any of the embodi-
ments of the invention, R, and R,, are each hydrogen.

According to some embodiments of any of the embodi-
ments of the invention, Ra is methyl.

According to some embodiments of any of the embodi-
ments of the invention, R5-R,, are each hydrogen.

According to some embodiments of any of the embodi-
ments of the invention, R;-R,, are each hydrogen.

According to some embodiments of any of the embodi-
ments of the invention, R is OR'.

According to some embodiments of any of the embodi-
ments of the invention, R' is methyl.

According to some embodiments of any of the embodi-
ments of the invention, the compound is Compound 1:

Compound 1
OH

CH;

According to some embodiments of any of the embodi-
ments of the invention, R is OH.

According to some embodiments of any of the embodi-
ments of the invention, the compound is Compound 3:
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Compound 3
OH

OH

According to an aspect of some embodiments of the
invention, there is provided the compound:

OH

CH;.

Unless otherwise defined, all technical and/or scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Although methods and materials similar
or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, exem-
plary methods and/or materials are described below. In case
of conflict, the patent specification, including definitions,
will control. In addition, the materials, methods, and
examples are illustrative only and are not intended to be
necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

Some embodiments of the invention are herein described,
by way of example only, with reference to the accompanying
drawings. With specific reference now to the drawings in
detail, it is stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of
embodiments of the invention. In this regard, the description
taken with the drawings makes apparent to those skilled in
the art how embodiments of the invention may be practiced.

In the drawings:

FIG. 1 (Background Art) is a scheme depicting the
regulation of phosphorylated elF2a levels by inhibition of
its phosphorylation, showing Htt cytotoxicity in striatal
neurons as concluded from studies described in Leitman et
al. [PLoS One 2014, 9(3):€90803]. Cytotoxic steps are in red
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and PERK and its activated form PERK-P are highlighted in
blue. The site of action of a PERK inhibitor is shown.

FIGS. 2A-D present bar graphs (FIGS. 2A-2B) and com-
parative plots (FIGS. 2C-D) showing the regulation of
phosphorylated elF2ca levels by inhibition of its phospho-
rylation and rescue of STHdhQ111/111 cells. FIG. 2A is a
bar graph showing that ER stress-mediated elF2a phospho-
rylation in STHAh?”” cells treated with Tun (5 ug/ml for 48
hours) is inhibited by A4 (50 uM) and not by PKRi (1 uM).
FIG. 2B is a bar graph showing that PKR activity (induced
with poly-1:C) was inhibited by PKRi and not A4. FIGS.
2C-D present comparative plots showing that A4 rescued
STHdhQ111/111 cells from UPR-induced cell death (Tun
for 48 hours, FIG. 2C), whereas PKRi had no effect (FIG.
2D). Apoptosis was measured by cell cycle progression
using propidium iodide (PI), considering the fraction
beneath GO/G1.

FIGS. 3A-3B present comparative plots showing the
rescue of STHdhQ111/111 cells by exemplary PERK inhibi-
tors according to the present embodiments. FIG. 3A shows
comparative data obtained for A4, MPGL1 (Compound 1)
and MK-28 (Compound 3) in rescuing STHdhQ111/111
cells from UPR-induced cell death (Tun for 48 hours), as
described for FIGS. 2C-D, whereby in FIG. 3B comparative
data is shown for cells incubated for 48 hours in DMEM
without serum and without Tun. In this assay, A4 shows a
minimal effect, compared to the strong rescue effect of
MK-28.

FIG. 4 presents a comparative analysis of toxicity in
pancreatic beta cells. A conditionally transformed mouse
pancreatic islet beta-cell line (betaTC-tet) was used. MK-28
was compared to the ER stressor tunicamycin (Tun). At the
tested concentration range, MK-28 had very low toxicity,
whereas Tun was toxic.

FIG. 5 Analysis of Pharmacokinetics (PK) and blood
brain barrier (BBB) penetration was done in WT mice using
a method based on LC/MS/MS. The results showed very
good brain bioavailability of the compound, the peak of
MK-28 concentration (105 ng/ml) was detected in plasma
after 40 minutes, T,,=30 minutes, following 10 mgkg
MK-28 by IP injection. BBB penetration showed a peak of
more than 50% of the concentration in plasma, (57 ng/ml)
achieved after 40 minutes, T,,,=80 minutes.

FIG. 6 is a bar graph demonstrating an increase in blood
glucose levels in R6/2 mice and compensation thereof by
MK-28 treatment. Animals were treated for 4 weeks starting
at 4 weeks of age with 1 mg/ml MK-28 or with vehicle
(DMSO/PEG400 1:1), delivered using Alzet pumps. TG
mice (HD model R6/2 strain (Jackson laboratories stock
#002810)) showed an increase in glucose levels, which was
reduced with MK-28 treatment and remained low (7 weeks
after start of treatment, 3 weeks after the end of adminis-
tration of the compound). MK-28 did not affect glucose
levels in the WT, suggesting no significant toxicity in the
pancreas. N=13 TG, 13 TG+MK28, 16 WT, 15 WT+MK28,
15 None.

FIG. 7 presents comparative plots presenting data
obtained in the Rotarod test and showing a significant
improvement in motor function upon treatment of R6/2 mice
with MK-28. TG mice showed a strong motor deficit, which
was significantly reduced with MK-28 treatment, continuing
after the end of administration of the compound. N=13 TG,
13 TG+MK28, 16 WT, 15 WT+MK28, 15 None. *p<0.05
Anova Newman-Keuls post hoc.

FIG. 8 presents comparative plots presenting data
obtained in a combined motor function test, showing a
significant improvement upon treatment of R6/2 mice with
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MK-28. Animals were treated as described in FIG. 6.
Combined phenotype was measured, including ledge, clasp-
ing, gait and kyphosis. TG mice showed a strong deficiency,
which was significantly reduced with MK-28 treatment.
N=13 TG, 13 TG+MK28, 16 WT, 15 WT+MK28, 15 None;
*p<0.05 Anova Newman-Keuls post hoc.

FIG. 9 is a bar graph demonstrating that ultrasonic vocal-
izations of R6/2 mice are improved by treatment with
MK-28. Mice were treated as described in FIGS. 7 and 8.
Transgenic mice receiving (MK-28 TG+) or vehicle (TG)
were analyzed for vocalization as number of syllables in 5
minutes intervals. (n=3-4, p=0.059).

FIG. 10 presents comparative plots demonstrating that
survival of R6/2 mice is significantly increased upon treat-
ment with MK-28. Animals were treated as described in
FIGS. 7-9. Transgenic mice receiving MK-28 (blue) or
vehicle (red) were analyzed for mice survival (n=13/group).
Gehan-Breslow-Wilcoxon Test for comparisons of Kaplan-
Meier survival curves indicated a significant increase in the
survival of MK-28 treated mice compared to untreated
littermates (median survival 97 and 89 days, respectively,
p=0.0469). Ratio 1.887, 95% CI of ratio 0.7726 to 4.611.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

The present invention, in some embodiments thereof,
relates to therapy and, more particularly, but not exclusively,
to novel compounds which are capable of inhibiting pan-
creatic endoplasmic reticulum kinase (PERK) activity and
which are usable in treating diseases associated with aggre-
gation-prone proteins, such as Huntington’s disease.

Before explaining at least one embodiment of the inven-
tion in detail, it is to be understood that the invention is not
necessarily limited in its application to the details set forth
in the following description or exemplified by the Examples.
The invention is capable of other embodiments or of being
practiced or carried out in various ways.

Phosphorylation of elF2c. by PERK in response to ER
stress has two opposing effects, protective in the short-term
and cytotoxic in the long-term. Therefore, both, the long-
term inhibition of protein synthesis by phosphorylation of
elF2a and the total lack of its phosphorylation and conse-
quent absence of transient translation inhibition, can be
cytotoxic, as shown, for example, in Background Art FIG. 1.

Consequently, in principle, two opposite strategies for
therapy could be used in diseases that cause ER stress;
partial inhibition and partial enhancement of elF2a phos-
phorylation. The latter approach is controversial, as it has
been shown that inhibition of GADD34 (PPP1R15A, the
UPR-induced regulatory subunit of the phosphatase that
dephosphorylates elF2c) was neuroprotective in mouse
models of prion disease, Parkinson’s disease and ALS [Colla
et al., J Neurosci 2012, 32:3306-3320; Das et al., Science
2015, 348:239-242; Tsaytler et al., Science 2011, 332:91-
94]; yet it was shown as detrimental in prion disease and
ALS models in other studies [Moreno et al., Nature 2012,
485:507-511; Vieira et al., PloS One 2015; 10(8):0135570].

Given the benefits of partial PERK inhibition, but the
possible toxicity of total inhibition in some tissues, the
protective activity of inhibitors can be measured by the
rescue of cells from apoptosis.

The dephosphorylated state of elF2a has been shown to
regulate memory and long-term potentiation, possibly by
maintaining high translation rates [ Costa-Mattioli et al., Cell
2007, 129:195-206; Sidrauski et al., Elife 2013, 2:e00498].
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Therefore, ER stress and the consequent increase in elF2a-P
levels in neurodegenerative diseases could be directly linked
to cognitive impairment.

The present inventors have conceived that small molecule
inhibitors of PERK can reduce the level of elF2a phospho-
rylation in response to pathogenic huntingtin.

A4 is a small molecule reported to inhibit PERK activity
in vitro [Wang et al., Chem Biol Drug Des 2010, 76:480-
495]. The present inventors have designed and successfully
prepared structural analogs of A4 and have found that these
compounds exhibit a much stronger effect than A4 in reduc-
ing huntingtin-mediated cytotoxicity in striatal cells in cul-
ture.

While reducing the present invention to practice, the
inventors have demonstrated that PERK inhibitors exhibit
exceptional activity both in striatal neurons in culture and in
the R6/2 HD model mice, as shown in FIGS. 3A-10. Given
the harsh phenotypic consequences of mutant Htt expression
in this mouse model, the improvement seen in a variety of
motor and behavioral parameters, and the increase in sur-
vival by the herein disclosed treatment, are remarkable.

The most active compound, MK-28 (Compound 3), was
further tested in HD model mice and significantly amelio-
rated the symptoms of disease in these mice, prolonging
their lifespan.

The data presented herein demonstrates the potential
efficacy of PERK inhibitors, and of the novel PERK inhibi-
tors disclosed herein in particular, in HD therapy. Given the
similar ER stress pathways involved, the novel PERK
inhibitors disclosed herein are also candidates for therapy of
many other neurodegenerative and other diseases associated
with aggregation-prone proteins.

According to an aspect of some embodiments of the
present invention, there is provided a compound having the
general Formula I:

Formula I

R,

for use in inhibiting an activity of PERK and/or for use in
treating a disease or disorder as described herein, wherein
Ra, R and R, |, are as defined hereinafter in any of the
respective embodiments and any combination thereof.

Compounds:

The compounds described in some embodiments of any of
the aspects of the present embodiments are collectively
represented by Formula I:
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Formula I

R,

wherein:

R;, R, and R are each independently H, OH or OR', with
R'being alkyl, cycloalkyl, heteroalicyclic, aryl or heteroaryl,
as defined herein;

R; and R, are each independently hydrogen, substituted or
unsubstituted alkyl (e.g., unsubstituted alkyl, hydroxyalkyl
or trihaloalkyl), substituted or unsubstituted alkenyl, substi-
tuted or unsubstituted alkynyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted het-
eroalicyclic, halo, hydroxy, alkoxy, sulfonate, sulfoxide,
thiosulfate, sulfate, sulfite, thiosulfite, phosphonate, thiohy-
droxy, thioalkoxy, cyano, nitro, azo, sulfonamide, carbonyl,
thiocarbonyl, C-carboxylate, O-carboxylate, N-thiocarbam-
ate, O-thiocarbamate, acyl halide, azide, urea, thiourea,
N-carbamate, O-carbamate, C-amide, N-amide, hydrazine
or hydrazide, as these terms are defined hereinafter;

Ra is H or a substituted or unsubstituted alkyl;

R5-R,, are each independently hydrogen, substituted or
unsubstituted alkyl (e.g., unsubstituted alkyl, hydroxyalkyl
or trihaloalkyl), substituted or unsubstituted alkenyl, substi-
tuted or unsubstituted alkynyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted het-
eroalicyclic, halo, hydroxy, alkoxy, sulfonate, sulfoxide,
thiosulfate, sulfate, sulfite, thiosulfite, phosphonate, thiohy-
droxy, thioalkoxy, cyano, nitro, azo, sulfonamide, carbonyl,
thiocarbonyl, C-carboxylate, O-carboxylate, N-thiocarbam-
ate, O-thiocarbamate, acyl halide, azide, urea, thiourea,
N-carbamate, O-carbamate, C-amide, N-amide, hydrazine
or hydrazide (optionally hydrogen, alkyl or halo), as these
terms are defined hereinafter.

According to the present embodiments, Formula I can
otherwise be presented as follows:
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R,

In some embodiments of any of the embodiments
described herein, R' is alkyl.

In some embodiments, the alkyl is unsubstituted. In some
embodiments, R' is C, ,-alkyl, optionally unsubstituted
C, _4-alkyl. In exemplary embodiments, R' is methyl.

In some embodiments of any of the embodiments
described herein, R, is OH.

In some embodiments of any of the embodiments
described herein, R, is H or OR'. In some embodiments, R,
is H. In some embodiments, R' is methyl.

In some embodiments of any of the embodiments
described herein, R, is OH and R, is H or OR'. In some such
embodiments, R' is methyl.

In some embodiments of any of the embodiments
described herein, R, is OH and R, is H.

In some embodiments of any of the embodiments
described herein, R is OH or OR'. In some embodiments, R
is OH or OR' and R, is OH.

In some embodiments of any of the embodiments
described herein, R is OH or OR' and R, is H or OR'". In some
such embodiments, R, is H. In some such embodiments, R’
is methyl.

In some embodiments of any of the embodiments
described herein, R is OH or OR', R, is OH and R, is H or
OR'. In some such embodiments, R' is methyl.

In some embodiments of any of the embodiments
described herein, R is OH or OR', R, is OH and R, is H. In
some such embodiments, R' is methyl.

In some embodiments of any of the embodiments
described herein, R; and R, are each hydrogen or alkyl. In
some embodiments, R, and R, are each hydrogen.

In some embodiments of any of the embodiments
described herein, R, is other than bromo. In some such
embodiments, R, is other than halo.

It is to be understood that limitations regarding any of the
variables R5-R,, apply also to other variables which are at
equivalent positions in Formula 1. For example, as R, and
R,, are at equivalent positions in Formula I, the limitation
“R, is other than bromo” (or halo) is to be understood as
meaning that “neither R, nor R, is bromo” (or halo), and
vice versa; and “R, is hydrogen” is to be understood as
meaning that “R, and R,, are each hydrogen”, and vice
versa.

Without being bound by any particular theory, it is
believed that the enhanced activity of the exemplary com-
pound Compound 1 (MPGL1)—relative to the compound
A4—may be attributed to the elimination of the bulky
bromo substituent of A4, e.g., by reducing its steric hin-
drance.
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In some embodiments of any of the embodiments
described herein, when R is OR', R' is methyl, Ra is methyl,
and R;-R4 and Rs-R,, are each hydrogen, neither R, norR |,
is bromo. In some such embodiments, neither R, nor R, , is
halo.

In some embodiments of any of the embodiments
described herein, when R is OR', and R' is methyl, neither R,
nor R, is bromo. In some such embodiments, neither R, nor
R, is halo.

In some embodiments of any of the embodiments
described herein, when R is OR', neither R, nor R, is
bromo. In some such embodiments, neither R, nor R, is
halo.

In some of any of the embodiments described herein
wherein R, (and/or R, ,) is other than bromo, R, (and/or R ,)
is a halo other than bromo, for example, chloro or fluoro
(e.g., halogen substituents less bulky than bromo).

In some embodiments of any of the embodiments
described herein, R, is hydrogen. In some embodiments, R
is OR’, and R, is hydrogen. In some embodiments, R is OR',
and Rs-R,, are each hydrogen.

In some embodiments of any of the embodiments
described herein, Rs-R;, are each hydrogen. In some
embodiments of any of the embodiments described herein,
R;-R,, are each hydrogen.

In some embodiments of any of the embodiments
described herein, Ra is alkyl. In some embodiments, the
alkyl is unsubstituted. In some embodiments, Ra is C, ,-
alkyl, optionally unsubstituted C, ,-alkyl. In exemplary
embodiments, Ra is methyl.

Compound 1 (also referred to herein interchangeably as
MPGL1) is an exemplary compound wherein R is OR' (e.g.,
wherein R' is methyl):

Compound 1
OH

CH;

OH

OH
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Compound 3 (also referred to herein interchangeably as
Compound MK-28) is an exemplary compound wherein R is
OH:

Compound 3
OH

OH

As exemplified herein, Compound 3 features enhanced
activity relative to the structurally related compounds Com-
pound 1 and A4.

Without being bound by any particular theory, it is
believed that the presence of two hydroxy groups in Com-
pound 3, as opposed to one hydroxy group in Compound 1
and A4, enhances activity, for example, by increasing hydro-
gen bond interactions with the activation loop of PERK.

According to an aspect of some embodiments of the
invention, there is provided a compound represented by
Formula I, wherein R is OR' and R, and R, are each
hydrogen (according to any of the respective embodiments
described herein). In some such embodiments, Rs-R,, are
each hydrogen (according to any of the respective embodi-
ments described herein). In some such embodiments, R;-R, ,
are each hydrogen (according to any of the respective
embodiments described herein). In some embodiments, the
compound is referred to herein as Compound 1 or as
MPGLI1.

Compounds (according to any of the aspects described
herein) in which one or more of R, R; and R, is OH are
presented herein as an “enol” tautomer, but can undergo
keto-enol tautomerization. Some embodiments of the pres-
ent invention therefrom encompass also the “keto” tautomer
of these compounds.

Exemplary keto-enol tautomers are presented in the fol-
lowing scheme for Compound 3.

OH
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In some embodiments, compounds which present keto-
enol tautomerization are in a form of the “enol” tautomer.

For any of the embodiments described herein, the com-
pound described herein may be in a form of a salt, for
example, a pharmaceutically acceptable salt, and/or in a
form of a prodrug.

As used herein, the phrase “pharmaceutically acceptable
salt” refers to a charged species of the parent compound and
its counter-ion, which is typically used to modify the solu-
bility characteristics of the parent compound and/or to
reduce any significant irritation to an organism by the parent
compound, while not abrogating the biological activity and
properties of the administered compound.

In the context of some of the present embodiments, a
pharmaceutically acceptable salt of the compounds
described herein may optionally be a base addition salt
comprising at least one acidic (e.g., phenol) group of the
compound which is in a negatively charged form (e.g.,
wherein the acidic group is deprotonated), in combination
with at least one counter-ion, derived from the selected base,
that forms a pharmaceutically acceptable salt.

The base addition salts of the compounds described herein
may therefore be complexes formed between one or more
acidic groups of the drug and one or more equivalents of a
base.

The base addition salts may include a variety of organic
and inorganic counter-ions and bases, such as, but not
limited to, sodium (e.g., by addition of NaOH), potassium
(e.g., by addition of KOH), calcium (e.g., by addition of
Ca(OH),, magnesium (e.g., by addition of Mg(OH),), alu-
minum (e.g., by addition of AI(OH); and ammonium (e.g.,
by addition of ammonia). Each of these acid addition salts
can be either a mono-addition salt or a poly-addition salt, as
these terms are defined herein.

Alternatively or additionally, a pharmaceutically accept-
able salt of the compounds described herein may optionally
be an acid addition salt comprising at least one basic (e.g.,
nitrogen-containing) group of the compound which is in a
positively charged form (e.g., wherein the basic group is
protonated), in combination with at least one counter-ion,
derived from the selected acid, that forms a pharmaceuti-
cally acceptable salt.

The acid salts of the compounds described herein may
therefore be complexes formed between one or more basic
groups of the drug and one or more equivalents of an acid.

The acid addition salts may include a variety of organic
and inorganic acids, such as, but not limited to, hydrochloric
acid which affords a hydrochloric acid addition salt, hydro-
bromic acid which affords a hydrobromic acid addition salt,
acetic acid which affords an acetic acid addition salt, ascor-
bic acid which affords an ascorbic acid addition salt, ben-
zenesulfonic acid which affords a besylate addition salt,
camphorsulfonic acid which affords a camphorsulfonic acid
addition salt, citric acid which affords a citric acid addition
salt, maleic acid which affords a maleic acid addition salt,
malic acid which affords a malic acid addition salt, meth-
anesulfonic acid which affords a methanesulfonic acid (me-
sylate) addition salt, naphthalenesulfonic acid which affords
a naphthalenesulfonic acid addition salt, oxalic acid which
affords an oxalic acid addition salt, phosphoric acid which
affords a phosphoric acid addition salt, toluenesulfonic acid
which affords a p-toluenesulfonic acid addition salt, succinic
acid which affords a succinic acid addition salt, sulfuric acid
which affords a sulfuric acid addition salt, tartaric acid
which affords a tartaric acid addition salt and trifluoroacetic
acid which affords a trifluoroacetic acid addition salt. Each
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of these acid addition salts can be either a mono-addition salt
or a poly-addition salt, as these terms are defined herein-
above.

Depending on the stoichiometric proportions between the
charged group(s) in the compound and the counter-ion in the
salt, the acid or base additions salts can be either mono-
addition salts or poly-addition salts.

The phrase “mono-addition salt”, as used herein, refers to
a salt in which the stoichiometric ratio between the counter-
ion and charged form of the compound is 1:1, such that the
addition salt includes one molar equivalent of the counter-
ion per one molar equivalent of the compound.

The phrase “poly-addition salt”, as used herein, refers to
a salt in which the stoichiometric ratio between the counter-
ion and the charged form of the compound is greater than 1:1
and is, for example, 2:1, 3:1, 4:1 and so on, such that the
addition salt includes two or more molar equivalents of the
counter-ion per one molar equivalent of the compound.

As used herein, the term “prodrug” refers to a compound
which is converted in the body to an active compound (e.g.,
the compound of the formula described hereinabove). A
prodrug is typically designed to facilitate administration,
e.g., by enhancing absorption. A prodrug may comprise, for
example, the active compound modified with ester groups,
for example, wherein any one or more of the hydroxyl
groups of a compound is modified by an acyl group,
optionally (C, ,)acyl (e.g., acetyl) group to form an ester
group, and/or any one or more of the carboxylic acid groups
of the compound is modified by an alkoxy or aryloxy group,
optionally (C,_,)alkoxy (e.g., methyl, ethyl) group to form
an ester group.

Further, each of the compounds described herein, includ-
ing the salts thereof, can be in a form of a solvate or a
hydrate thereof.

The term “solvate” refers to a complex of variable stoi-
chiometry (e.g., di-, tri-, tetra-, penta-, hexa-, and so on),
which is formed by a solute (the heterocyclic compounds
described herein) and a solvent, whereby the solvent does
not interfere with the biological activity of the solute.

The term “hydrate” refers to a solvate, as defined here-
inabove, where the solvent is water.

The present embodiments further encompass any iso-
morph thereof.

The terms “hydroxyl” or “hydroxy”, as used herein, refer
to an —OH group.

The term “thiohydroxy”, as used herein, refers to an —SH
group.

As used herein, the term “amine” describes a —NR'R"
group where each of R' and R" is independently hydrogen,
alkyl, cycloalkyl, heteroalicyclic, aryl or heteroaryl, as these
terms are defined herein. An amine in which one of R' and
R" is other than hydrogen may also referred to herein as
“modified amine”.

As used herein, the term “alkyl” describes an aliphatic
hydrocarbon including straight chain and branched chain
groups. The alkyl may have 1 to 20 carbon atoms, or 1-10
carbon atoms, and may be branched or unbranched. Accord-
ing to some embodiments of the present invention, the alkyl
is a low (or lower) alkyl, having 1-4 carbon atoms (namely,
methyl, ethyl, propyl and butyl).

Whenever a numerical range; e.g., “1-10”, is stated
herein, it implies that the group, in this case the alkyl group,
may contain 1 carbon atom, 2 carbon atoms, 3 carbon atoms,
etc., up to and including 10 carbon atoms. In some embodi-
ments, the alkyl is a lower alkyl, including 1-6 or 1-4 carbon
atoms.
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An alkyl can be substituted or unsubstituted. When sub-
stituted, the substituent can be, for example, one or more of
a cycloalkyl, aryl, heteroaryl, heteroalicyclic, halo (e.g.,
forming a trihaloalkyl, as defined herein), hydroxy, alkoxy,
sulfonate, sulfoxide, thiosulfate, sulfate, sulfite, thiosulfite,
phosphonate, thiohydroxy, thioalkoxy, cyano, nitro, azo,
sulfonamide, carbonyl, thiocarbonyl, C-carboxylate, O-car-
boxylate, N-thiocarbamate, O-thiocarbamate, oxo, thiooxo,
oxime, acyl halide, azide, urea, thiourea, N-carbamate,
O-carbamate, C-amide, N-amide, hydrazine or hydrazide, as
these terms are defined herein. An alkyl substituted by aryl
is also referred to herein as “alkaryl”, an example of which
is benzyl.

In any of the embodiments described herein wherein an
“alkyl” is described, it is to be understood that the alkyl may
optionally be replaced by alkenyl or alkynyl. Thus, term
“alkyl” as used herein, also encompasses saturated or
unsaturated hydrocarbon, thereby encompassing alkenyl and
alkynyl, unless indicated otherwise (e.g., wherein alkenyl
and/or alkynyl are explicitly listed as alternatives to alkyl).

The term “alkenyl” describes an unsaturated alkyl, as
defined herein, having at least two carbon atoms and at least
one carbon-carbon double bond, e.g., allyl, vinyl, 3-butenyl,
2-butenyl, 2-hexenyl and i-propenyl. The alkenyl may be
substituted or unsubstituted by one or more substituents, as
described hereinabove.

The term “alkynyl”, as defined herein, is an unsaturated
alkyl having at least two carbon atoms and at least one
carbon-carbon triple bond. The alkynyl may be substituted
or unsubstituted by one or more substituents, as described
hereinabove.

The term “halo” as used herein refers to F, Cl, Br and 1
atoms as substituents.

The term “cycloalkyl” refers to an all-carbon monocyclic
or fused ring (i.e., rings which share an adjacent pair of
carbon atoms), branched or unbranched group containing 3
or more carbon atoms where one or more of the rings does
not have a completely conjugated pi-electron system, and
may further be substituted or unsubstituted. Exemplary
cycloalkyl groups include, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, or cyclododecyl. The
cycloalkyl can be substituted or unsubstituted. When sub-
stituted, the substituent can be, for example, one or more of
an alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, het-
eroalicyclic, halo, hydroxy, alkoxy, sulfonate, sulfoxide,
thiosulfate, sulfate, sulfite, thiosulfite, phosphonate, thiohy-
droxy, thioalkoxy, cyano, nitro, azo, sulfonamide, carbonyl,
thiocarbonyl, C-carboxylate, O-carboxylate, N-thiocarbam-
ate, O-thiocarbamate, oxo, thiooxo, oxime, acyl halide,
azide, urea, thiourea, N-carbamate, O-carbamate, C-amide,
N-amide, hydrazine or hydrazide, as these terms are defined
herein below.

The term “aryl” describes an all-carbon monocyclic or
fused-ring polycyclic (i.e., rings which share adjacent pairs
of carbon atoms) groups having a completely conjugated
pi-electron system. The aryl group may be unsubstituted or
substituted by one or more substituents. When substituted,
the substituent can be, for example, one or more of an alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, heteroalicy-
clic, halo, hydroxy, alkoxy, sulfonate, sulfoxide, thiosulfate,
sulfate, sulfite, thiosulfite, phosphonate, thiohydroxy, thio-
alkoxy, cyano, nitro, azo, sulfonamide, carbonyl, thiocarbo-
nyl, C-carboxylate, O-carboxylate, N-thiocarbamate,
O-thiocarbamate, acyl halide, azide, urea, thiourea, N-car-
bamate, O-carbamate, C-amide, N-amide, hydrazine or
hydrazide, as these terms are defined herein below.
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The term “heteroaryl” describes a monocyclic or fused
ring (i.e., rings which share an adjacent pair of atoms) group
having in the ring(s) one or more atoms, such as, for
example, nitrogen, oxygen and sulfur and, in addition,
having a completely conjugated pi-electron system.
Examples, without limitation, of heteroaryl groups include
pyrrole, furane, thiophene, imidazole, oxazole, thiazole,
pyrazole, pyridine, pyrimidine, quinoline, isoquinoline and
purine. Representative examples are thiadiazole, pyridine,
pyrrole, oxazole, indole, purine and the like. The heteroaryl
group may be unsubstituted or substituted by one or more
substituents. When substituted, the substituent can be, for
example, one or more of an alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, heteroalicyclic, halo, hydroxy,
alkoxy, sulfonate, sulfoxide, thiosulfate, sulfate, sulfite, thio-
sulfite, phosphonate, thiohydroxy, thioalkoxy, cyano, nitro,
azo, sulfonamide, carbonyl, thiocarbonyl, C-carboxylate,
O-carboxylate, N-thiocarbamate, O-thiocarbamate, oxo,
thiooxo, oxime, acyl halide, azide, urea, thiourea, N-car-
bamate, O-carbamate, C-amide, N-amide, hydrazine or
hydrazide, as these terms are defined herein below.

The term “heteroalicyclic”, as used herein, describes a
monocyclic or fused ring group having in the ring(s) one or
more atoms such as nitrogen, oxygen and sulfur. The rings
may also have one or more double bonds. However, the
rings do not have a completely conjugated pi-electron sys-
tem. Representative examples are morpholine, piperidine,
piperazine, tetrahydrofurane, tetrahydropyrane and the like.
The heteroalicyclic may be substituted or unsubstituted.
When substituted, the substituent can be, for example, one
or more of an alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heteroalicyclic, halo, hydroxy, alkoxy, sulfonate,
sulfoxide, thiosulfate, sulfate, sulfite, thiosulfite, phospho-
nate, thiohydroxy, thioalkoxy, cyano, nitro, azo, sulfona-
mide, carbonyl, thiocarbonyl, C-carboxylate, O-carboxylate,
N-thiocarbamate, O-thiocarbamate, oxo, thiooxo, oxime,
acyl halide, azide, urea, thiourea, N-carbamate, O-carbam-
ate, C-amide, N-amide, hydrazine or hydrazide, as these
terms are defined herein below.

The term “alkoxy” refers to an —O-alkyl, —O-cy-
cloalkyl, —O-heteroalicyclic, —O-aryl or —O-heteroaryl
group, as defined herein.

The term “thioalkoxy” refers to an —S-alkyl, —S-cy-
cloalkyl, —S-heteroalicyclic, —S-aryl or —S-heteroaryl
group, as defined herein.

The term “hydroxyalkyl” as used herein, refers to an alkyl
group, as defined herein, substituted with one or more
hydroxy group(s), e.g., hydroxymethyl, 2-hydroxyethyl and
4-hydroxypentyl.

The term “trihaloalkyl” refers to —CX;, wherein X is
halo, as defined herein. An exemplary haloalkyl is CFj;.

A “guanidino” or “guanidine” or “guanidinyl” group
refers to an —RaNC(—NRd)-NRbRc group, where each of
Ra, Rb, Re and Rd can be as defined herein for R' and R".

A “guanyl” or “guanine” group refers to an R'R"NC
(=NR"")— group, where R', R" and R"™ are as defined
herein.

In some of any of the embodiments described herein, the
guanidine group is —NH—C(—NH)—NH,.

In some of any of the embodiments described herein, the
guanyl group is H,N—C(—NH)— group.

Any one of the amine (including modified amine), guani-
dine and guanine groups described herein is presented as a
free base form thereof, but is meant to encompass an ionized
form thereof at physiological pH, and/or within a salt
thereof, e.g., a pharmaceutically acceptable salt thereof, as
described herein.
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The term “cyano” describes a —C=N group.

The term “nitro” describes an —NO, group.

The term “sulfate” describes a —O—S(—0),—OR’
group, where R' is as defined hereinabove.

The term “thiosulfate” describes a —O—S(—S)(—0)—
OR' group, where R' is as defined hereinabove.

The term “sulfite” describes an —O—S(—0)—O—R'
group, where R' is as defined hereinabove.

The term “thiosulfite” describes a —O—S(—S)—O—R'
group, where R' is as defined hereinabove.

The term “sulfinate” describes a —S(—0)—OR' group,
where R' is as defined hereinabove.

The term “sulfoxide” or “sulfiny]l” describes a —S(—0)
R' group, where R' is as defined hereinabove.

The term “sulfonate” describes a —S(—0),—R' group,
where R' is as defined herein.

The term “S-sulfonamide” describes a —S(—0),—
NR'R" group, with R' and R" as defined herein.

The term “N-sulfonamide” describes an R’S(—0),—
NR"— group, where R' and R" are as defined herein.

The term “phosphonate” describes a —P(OR')(OR")OR™
group, where R', R" and R™ are as defined herein.

The term “carbonyl”, “carbonate” or “acyl” as used
herein, describes a —C(—O)—R' group, with R' as defined
herein.

The term “acyl halide” describes a —(C—O)R"" group
wherein R™" is halide.

The term “thiocarbonyl” as used herein, describes a
—C(=S)—R' group, with R' as defined herein.

The term “ox0” as used herein, describes a (—O) group,
wherein an oxygen atom is linked by a double bond to the
atom (e.g., carbon atom) at the indicated position.

The term “thiooxo” as used herein, describes a (—S)
group, wherein a sulfur atom is linked by a double bond to
the atom (e.g., carbon atom) at the indicated position.

The term “oxime” describes a —N—OH group.

The term “azo” or “diazo” describes an —N—NR' group,
with R' as defined hereinabove.

The term “azide” describes an —N group.

The term “carboxylate” as used herein encompasses
C-carboxylate and O-carboxylate.

The term “C-carboxylate” describes a —C(—O)—OR'
group, where R' is as defined herein.

The term “O-carboxylate” describes a —OC(—O)R’
group, where R' is as defined herein.

A carboxylate can be linear or cyclic. When cyclic, R' and
the carbon atom are linked together to form a ring, in
C-carboxylate, and this group is also referred to as lactone.
Alternatively, R' and O are linked together to form a ring in
O-carboxylate.

The term “carbamate” as used herein encompasses N-car-
bamate and O-carbamate.

The term “N-carbamate” describes an R"OC(—O0)—
NR'— group, with R' and R" as defined herein.

The term “O-carbamate” describes an —OC(—0)—
NR'R" group, with R' and R" as defined herein.

A carbamate can be linear or cyclic. When cyclic, R' and
the carbon atom are linked together to form a ring, in
O-carbamate. Alternatively, R' and O are linked together to
form a ring in N-carbamate.

The term “thiocarbamate” as used herein encompasses
N-thiocarbamate and O-thiocarbamate.

The term “O-thiocarbamate” describes a —OC(—S)—
NR'R" group, with R' and R" as defined herein.

The term “N-thiocarbamate” describes an R"OC(—S)
NR'— group, with R' and R" as defined herein.
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Thiocarbamates can be linear or cyclic, as described
herein for carbamates.

The term “dithiocarbamate™ as used herein encompasses
S-dithiocarbamate and N-dithiocarbamate.

The term “S-dithiocarbamate” describes a —SC(—S)—
NR'R" group, with R' and R" as defined herein.

The term “N-dithiocarbamate™ describes an R"SC(—S)
NR'— group, with R' and R" as defined herein.

The term “urea” describes a —NR'C(—O)—NR"R"
group, where R' and R" are as defined herein and R™ is as
defined herein for R' and R".

The term “thiourea” describes a —NR—C(—S)—
NR"R"™ group, with R', R" and R"™ as defined herein.

The term “amide” as used herein encompasses C-amide
and N-amide.

The term “C-amide” describes a —C(—O)—NR'R"
group, where R' and R" are as defined herein.

The term “N-amide” describes a R'C(—O)—NR"—
group, where R' and R" are as defined herein.

The term “hydrazine” describes a —NR'—NR"R™ group,
with R', R", and R™ as defined herein.

As used herein, the term “hydrazide” describes a
—C(—0)—NR'—NR"R" group, where R', R" and R" are
as defined herein.

According to an aspect of some embodiments of the
invention, there is provided a process of preparing a com-
pound according to any of the embodiments described
herein, the process comprising reacting a first precursor
compound comprising a diphenylpyridyl hydrazine (with
suitable Ra and Rs_,, groups) and a second precursor which
is a benzaldehyde with suitable R and R, _, groups (attached
to the phenyl moiety of the benzaldehyde). The process may
optionally be effected using procedures exemplified in
Example 1 described herein.

Uses and Indications:

A compound according to any of the embodiments
described herein (e.g., in the section relating to compounds)
may optionally be used in the context of any one or more of
the uses, indications and/or methods described as follows.

In some embodiments, the compound according to any
one of the embodiments described herein is a compound
capable of inhibiting PERK.

In some embodiments, the compound according to any
one of the embodiments described herein is for use in
inhibiting an activity of PERK.

Herein and in the art, the term “PERK” refers to a protein
also known as “PKR-like endoplasmic reticulum kinase”
and “elF20K3” (elF2a kinase 3).

An exemplary activity of PERK (which may be inhibited
according to some embodiments described herein) is phos-
phorylation of elF2q.

In some of any of the embodiments described herein
relating to PERK inhibition, the PERK inhibition is partial,
e.g., an activity of PERK is reduced by about 20%, 30%,
40%, 50%, 60% or 70%, or 80%, including any intermediate
value therebetween, in the presence of a compound as
described herein.

In some of any of the embodiments described herein
relating to PERK inhibition, the PERK inhibition is such that
improves viability of cells exerting imbalanced PERK activ-
ity.

According to an aspect of some embodiments of the
present invention, there is provided a method of inhibiting
an activity of PERK, the method comprising contacting the
PERK with a compound according to any of the embodi-
ments described herein.
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In some embodiments of any of the embodiments relating
to a use and/or method for inhibiting an activity of PERK,
the use and/or method is effected in vivo, for example, by
administering a therapeutically effective amount of the com-
pound to a subject in need thereof.

As used herein, the phrase “therapeutically effective
amount” describes a dose of an active ingredient or a
composition comprising the active ingredient that will pro-
vide the therapeutic effect for which the active ingredient is
indicated (for example, inhibiting or partially inhibiting an
activity of PERK), optionally by relieving to some extent
one or more of the symptoms of a condition being treated
(e.g., according to any of the respective embodiments
described herein.

In some embodiments, the use and/or method for inhib-
iting an activity of PERK is effected ex vivo (e.g., in vitro),
for example, in research.

In some embodiments, the compound according to any
one of the embodiments described herein is for use in
treating a disease or disorder in which inhibition of PERK is
beneficial.

Herein, the term “treating” refers to inhibiting, preventing
or arresting the development of a pathology (disease, dis-
order or condition) and/or causing the reduction, remission,
or regression of a pathology. Those of skill in the art will
understand that various methodologies and assays can be
used to assess the development of a pathology, and similarly,
various methodologies and assays may be used to assess the
reduction, remission or regression of a pathology.

As used herein, the term “preventing” refers to keeping a
disease, disorder or condition from occurring in a subject
who may be at risk for the disease, but has not yet been
diagnosed as having the disease.

As used herein, the term “subject” includes mammals,
preferably human beings at any age which suffer from the
pathology. Preferably, this term encompasses individuals
who are at risk to develop the pathology.

According to an aspect of some embodiments of the
present invention, there is provided a use of a compound
according to any one of the embodiments described herein
in the manufacture of a medicament for inhibiting an activity
of PERK.

According to an aspect of some embodiments of the
present invention, there is provided a use of a compound
according to any one of the embodiments described herein
in the manufacture of a medicament for treating a disease or
disorder in which inhibition of PERK is beneficial.

According to an aspect of some embodiments of the
present invention, there is provided a method of treating a
disease or disorder in which inhibition of PERK is benefi-
cial, the method comprising administering to a subject in
need thereof a therapeutically effective amount of a com-
pound according to any one of the embodiments described
herein.

Diseases in which such inhibition of PERK is beneficial
(in the context of any of the respective embodiments
described herein) include, for example, neurodegenerative
diseases and disorders.

Examples of neurodegenerative diseases and disorders
treatable by a compound described herein include, without
limitation, Huntington’s disease; Alzheimer’s disease; Par-
kinson’s disease; amyotrophic lateral sclerosis (ALS); prion
disease (e.g., Creutzfeldt-Jakob disease, scrapie); Lewy-
body dementia; spongiform encephalopathies; multiple scle-
rosis; glutamate neurotoxicity; motor neuron disease; rest-
less legs syndrome (RLS) migraine; neurodegenerative
disease or disorder associated with traumatic injury (e.g.,
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concussion, blast injury and/or combat-related injury), bac-
terial and/or viral infection, ischemia and/or hypoxia (e.g.,
cerebral ischemia, ischemic/reperfusion injury in stroke,
myocardial ischemia and/or renal ischemia); platelet aggre-
gation, heart attack, cardiac hypertrophy, atherosclerosis
and/or arteriosclerosis; spinal cord injury (e.g., partial or
total spinal cord transection); frontotemporal dementias;
AlIDS-associated dementia; ataxias; and memory deficien-
cies (e.g., long-term memory impairment).

Without being bound by any particular theory, it is
believed that compounds disclosed herein are cell-perme-
able small molecules, capable of reducing cytotoxicity
induced by causes of ER stress—for example, pathogenic
huntingtin mutant—to thereby rescue cells (e.g., striatal
cells). It is further believed that such rescue is capable of
ameliorating cognitive and motor dysfunctions in diseased
subjects.

In some embodiments, the compound according to any
one of the embodiments described herein is for use in
downregulating an unfolded protein response (UPR), for
example, in a cell.

Herein, the terms “unfolded protein response” and “UPR”
refer to a cellular stress response associated with endoplas-
mic reticulum (ER) stress, which includes at least three
components that counteract ER stress: stress gene expres-
sion, translational attenuation, and ER-associated protein
degradation (ERAD). UPR typically includes activity by the
transducer proteins XBP1, ATF6 and PERK.

Herein, “downregulating” an unfolded protein response
means reducing a degree of any (optionally all) of the
processes and/or protein activities encompassed by an
unfolded protein response, for example, by reducing an
amount of a protein involved in the unfolded protein
response and/or by inhibiting the protein. Downregulating
may optionally be effected on the genomic and/or the
transcript level by interfering with transcription and/or trans-
lation of one or more proteins involved in an unfolded
protein response; and/or on the protein level by inactivating
one or more proteins involved in an unfolded protein
response (e.g., by phosphorylation/dephosphorylation,
antagonism, cleavage of the protein, and the like).

Downregulation of a UPR may optionally be determined
as a reduction in phosphorylation of elF2a, for example, in
the presence of a condition or compound (e.g., tunicamycin)
which induces EPR (e.g., as exemplified herein).

According to an aspect of some embodiments of the
present invention, there is provided a method of downregu-
lating an unfolded protein response in a cell, the method
comprising contacting the cell with a compound according
to any of the embodiments described herein.

In some embodiments of any of the embodiments relating
to a use and/or method for downregulating an unfolded
protein response in a cell, the use and/or method is effected
in vivo, for example, by administering a therapeutically
effective amount of the compound to a subject in need
thereof.

In some embodiments, the use and/or method for down-
regulating an unfolded protein response in a cell is effected
ex vivo (e.g., in vitro), for example, in research.

In some embodiments, the compound according to any
one of the embodiments described herein is for use in
treating a disease or disorder in which downregulating an
unfolded protein response is beneficial.

According to an aspect of some embodiments of the
present invention, there is provided a use of a compound



US 10,723,706 B2

23

according to any one of the embodiments described herein
in the manufacture of a medicament for downregulating an
unfolded protein response.

According to an aspect of some embodiments of the
present invention, there is provided a use of a compound
according to any one of the embodiments described herein
in the manufacture of a medicament for treating a disease or
disorder in which downregulating an unfolded protein
response is beneficial.

According to an aspect of some embodiments of the
present invention, there is provided a method of treating a
disease or disorder in which downregulating an unfolded
protein response is beneficial, the method comprising
administering to a subject in need thereof a therapeutically
effective amount of a compound according to any one of the
embodiments described herein.

Examples of diseases or disorders in which downregulat-
ing an unfolded protein response is beneficial include,
without limitation, Alzheimer’s disease, Parkinson’s dis-
ease, Huntington’s disease and prion disease (e.g.,
Creutzfeldt-Jakob disease).

In some embodiments, the compound according to any
one of the embodiments described herein is for use in
treating a disease or disorder associated with ER (endoplas-
mic reticulum) stress and/or aggregation-prone proteins.

According to an aspect of some embodiments of the
present invention, there is provided a use of a compound
according to any one of the embodiments described herein
in the manufacture of a medicament for treating a disease or
disorder associated with ER stress and/or aggregation-prone
proteins.

According to an aspect of some embodiments of the
present invention, there is provided a method of treating
disease or disorder associated with ER stress and/or aggre-
gation-prone proteins, the method comprising administering
to a subject in need thereof a therapeutically effective
amount of a compound according to any one of the embodi-
ments described herein.

Herein and in the art, the term “ER stress” relates to any
internal or external cellular stimulus that compromises ER
(endoplasmic reticulum) homeostasis by stressing the pro-
tein folding capacity of the ER. Cells typically cope with ER
stress by activating the unfolded protein response (UPR), as
described herein. The cellular response to ER stress may
optionally include formation of protein aggregates referred
to in the art as stress granules (SGs), typically 100-200 nm
in size, not surrounded by a membrane and associated with
the endoplasmic reticulum. Stress granules can be identified
using methods known in the art.

A cell may optionally be regarded as being in stress if
there is presence of stress granules, or if there is an elevation
of at least 5%, 10%, 20%, 30%, 40%, 50% or more in stress
granules in the cell as compared to another cell of the same
species, type, developmental stage and growth conditions
only not subjected to conditions associated with stress.

Examples of aggregation-prone proteins (also referred to
herein and in the art as aggregation-forming proteins)
include, but are not limited to, Z alphal-antitrypsin, alpha-
synuclein, tau, beta amyloid, SODI1, prion protein (prp),
neuroserpin, islet amyloid protein (IAPP), ataxins (1-7),
androgen receptor, atrophin 1, huntingtin and other polyglu-
tamine repeat proteins, HOXD13 (synpolydactyly) and other
polyalanine repeat proteins.

Examples of diseases or disorders associated with aggre-
gation-prone proteins include, without limitation, Hunting-
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ton’s disease, amyloidosis, cataract, type II diabetes, cancer
and memory deficiency (e.g., long-term memory impair-
ment).

In some embodiments, the compound according to any
one of the embodiments described herein is for use in
treating Huntington’s disease.

According to an aspect of some embodiments of the
present invention, there is provided a use of a compound
according to any one of the embodiments described herein
in the manufacture of a medicament for treating Hunting-
ton’s disease.

According to an aspect of some embodiments of the
present invention, there is provided a method of treating
Huntington’s disease, the method comprising administering
to a subject in need thereof a therapeutically effective
amount of a compound according to any one of the embodi-
ments described herein.

Further examples (in addition to Huntington’s disease) of
diseases or disorders that are treatable by compounds
described herein (according to any of the respective embodi-
ments described herein) include, without limitation, other
neurodegenerative diseases and disorders such as, but not
limited to, Alzheimer’s disease, Parkinson’s disease, amyo-
trophic lateral sclerosis (ALS), prion disease, Lewy-body
dementia, spongiform encephalopathies, frontotemporal
dementias, and ataxias; as well as other conditions involving
protein aggregation such as, for example, amyloidosis, cata-
ract, type 1I diabetes, cancer and memory deficiency (e.g.,
long term memory impairment).

Formulation:

The compounds described herein can be used per se or as
a part of a pharmaceutical composition which further com-
prises a pharmaceutically acceptable carrier.

As used herein, a “pharmaceutical composition” refers to
a preparation of one or more of the active ingredients
described herein with other chemical components such as
physiologically suitable carriers and excipients. The purpose
of a pharmaceutical composition is to facilitate administra-
tion of a compound to an organism.

Hereinafter, the phrases “physiologically acceptable car-
rier” and “pharmaceutically acceptable carrier” which may
be interchangeably used refer to a carrier or a diluent that
does not cause significant irritation to an organism and does
not abrogate the biological activity and properties of the
administered compound. An adjuvant is included under
these phrases.

Herein the term “excipient” refers to an inert substance
added to a pharmaceutical composition to further facilitate
administration of an active ingredient. Examples, without
limitation, of excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose
derivatives, gelatin, vegetable oils and polyethylene glycols.

Techniques for formulation and administration of drugs
may be found in “Remington’s Pharmaceutical Sciences,”
Mack Publishing Co., Easton, Pa., latest edition, which is
incorporated herein by reference.

Suitable routes of administration may, for example,
include oral, rectal, transmucosal, especially transnasal,
intestinal or parenteral delivery, including intramuscular,
subcutaneous and intramedullary injections as well as
intrathecal, direct intraventricular, intracardiac, e.g., into the
right or left ventricular cavity, into the common coronary
artery, intravenous, intraperitoneal, intranasal, or intraocular
injections.
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In some embodiments, the compound and/or pharmaceu-
tical composition are administered via systemic administra-
tion (according to any of the respective embodiments
described herein).

Alternatively, one may administer the compound and/or
pharmaceutical composition in a local rather than systemic
manner, for example, via injection of the pharmaceutical
composition directly into a tissue region of a patient.

The term “tissue” refers to part of an organism consisting
of cells designed to perform a function or functions.
Examples include, but are not limited to, brain tissue, retina,
skin tissue, hepatic tissue, pancreatic tissue, bone, cartilage,
connective tissue, blood tissue, muscle tissue, cardiac tissue
brain tissue, vascular tissue, renal tissue, pulmonary tissue,
gonadal tissue, hematopoietic tissue.

Pharmaceutical compositions of some embodiments of
the invention may be manufactured by processes well
known in the art, e.g., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsi-
fying, encapsulating, entrapping or lyophilizing processes.

Pharmaceutical compositions for use in accordance with
some embodiments of the invention thus may be formulated
in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries,
which facilitate processing of the active ingredients into
preparations, which can be used pharmaceutically. Proper
formulation is dependent upon the route of administration
chosen.

For injection, the active ingredients of the pharmaceutical
composition may be formulated in aqueous solutions, pref-
erably in physiologically compatible buffers such as Hank’s
solution, Ringer’s solution, or physiological salt buffer. For
transmucosal administration, penetrants appropriate to the
barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art.

For oral administration, the pharmaceutical composition
can be formulated readily by combining the active com-
pounds with pharmaceutically acceptable carriers well
known in the art. Such carriers enable the pharmaceutical
composition to be formulated as tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspensions, and the
like, for oral ingestion by a patient. Pharmacological prepa-
rations for oral use can be made using a solid excipient,
optionally grinding the resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries if
desired, to obtain tablets or dragee cores. Suitable excipients
are, in particular, fillers such as sugars, including lactose,
sucrose, mannitol, or sorbitol; cellulose preparations such
as, for example, maize starch, wheat starch, rice starch,
potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carboxymethylcel-
Iulose; and/or physiologically acceptable polymers such as
polyvinylpyrrolidone (PVP). If desired, disintegrating
agents may be added, such as cross-linked polyvinyl pyr-
rolidone, agar, or alginic acid or a salt thereof such as
sodium alginate.

Dragee cores are provided with suitable coatings. For this
purpose, concentrated sugar solutions may be used which
may optionally contain gum arabic, tale, polyvinyl pyrroli-
done, carbopol gel, polyethylene glycol, titanium dioxide,
lacquer solutions and suitable organic solvents or solvent
mixtures. Dyestuffs or pigments may be added to the tablets
or dragee coatings for identification or to characterize dif-
ferent combinations of active compound doses.

Pharmaceutical compositions which can be used orally
include push-fit capsules made of gelatin as well as soft,
sealed capsules made of gelatin and a plasticizer, such as
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glycerol or sorbitol. The push-fit capsules may contain the
active ingredients in admixture with filler such as lactose,
binders such as starches, lubricants such as talc or magne-
sium stearate and, optionally, stabilizers. In soft capsules,
the active ingredients may be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added.
All formulations for oral administration should be in dos-
ages suitable for the chosen route of administration.

For buccal administration, the compositions may take the
form of tablets or lozenges formulated in conventional
manner.

For administration by nasal inhalation, the active ingre-
dients for use according to some embodiments of the inven-
tion are conveniently delivered in the form of an aerosol
spray presentation from a pressurized pack or a nebulizer
with the use of a suitable propellant, e.g., dichlorodifluo-
romethane, trichlorofluoromethane, dichloro-tetrafluoroeth-
ane or carbon dioxide. In the case of a pressurized aerosol,
the dosage unit may be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of, e.g.,
gelatin for use in a dispenser may be formulated containing
a powder mix of the compound and a suitable powder base
such as lactose or starch.

The pharmaceutical composition described herein may be
formulated for parenteral administration, e.g., by bolus
injection or continuous infusion. Formulations for injection
may be presented in unit dosage form, e.g., in ampoules or
in multidose containers with optionally, an added preserva-
tive. The compositions may be suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or
dispersing agents.

Pharmaceutical compositions for parenteral administra-
tion include aqueous solutions of the active preparation in
water-soluble form. Additionally, suspensions of the active
ingredients may be prepared as appropriate oily or water
based injection suspensions. Suitable lipophilic solvents or
vehicles include fatty oils such as sesame oil, or synthetic
fatty acids esters such as ethyl oleate, triglycerides or
liposomes. Aqueous injection suspensions may contain sub-
stances, which increase the viscosity of the suspension, such
as sodium carboxymethyl cellulose, sorbitol or dextran.
Optionally, the suspension may also contain suitable stabi-
lizers or agents which increase the solubility of the active
ingredients to allow for the preparation of highly concen-
trated solutions.

Conventional approaches for drug delivery to the central
nervous system (CNS) include: neurosurgical strategies
(e.g., intracerebral injection or intracerebroventricular infu-
sion); molecular manipulation of the agent (e.g., production
of a chimeric fusion protein that comprises a transport
peptide that has an affinity for an endothelial cell surface
molecule in combination with an agent that is itself inca-
pable of crossing the BBB) in an attempt to exploit one of
the endogenous transport pathways of the BBB; pharmaco-
logical strategies designed to increase the lipid solubility of
an agent (e.g., conjugation of water-soluble agents to lipid or
cholesterol carriers); and the transitory disruption of the
integrity of the BBB by hyperosmotic disruption (resulting
from the infusion of a mannitol solution into the carotid
artery or the use of a biologically active agent such as an
angiotensin peptide). However, each of these strategies has
limitations, such as the inherent risks associated with an
invasive surgical procedure, a size limitation imposed by a
limitation inherent in the endogenous transport systems,
potentially undesirable biological side effects associated
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with the systemic administration of a chimeric molecule
comprised of a carrier motif that could be active outside of
the CNS, and the possible risk of brain damage within
regions of the brain where the BBB is disrupted, which
renders it a suboptimal delivery method.

As exemplified herein, compounds according to some
embodiments described herein are naturally capable of
crossing the BBB (e.g., upon systemic administration), for
example, such that higher concentrations are of the com-
pound are achieved in the CNS (e.g., brain) than in plasma.

Alternatively, the active ingredient may be in powder
form for constitution with a suitable vehicle, e.g., sterile,
pyrogen-free water based solution, before use.

The pharmaceutical composition of some embodiments of
the invention may also be formulated in rectal compositions
such as suppositories or retention enemas, using, e.g., con-
ventional suppository bases such as cocoa butter or other
glycerides.

Pharmaceutical compositions suitable for use in context
of' some embodiments of the invention include compositions
wherein the active ingredients are contained in an amount
effective to achieve the intended purpose. More specifically,
a therapeutically effective amount means an amount of
active ingredients (a compound as described herein) effec-
tive to prevent, alleviate or ameliorate symptoms of a
disorder (e.g., Huntington’s disease) or prolong the survival
of the subject being treated.

Determination of a therapeutically effective amount is
well within the capability of those skilled in the art, espe-
cially in light of the detailed disclosure provided herein.

For any preparation used in the methods of the invention,
the therapeutically effective amount or dose can be esti-
mated initially from in vitro and cell culture assays. For
example, a dose can be formulated in animal models to
achieve a desired concentration or titer. Such information
can be used to more accurately determine useful doses in
humans.

Toxicity and therapeutic efficacy of the active ingredients
described herein can be determined by standard pharmaceu-
tical procedures in vitro, in cell cultures or experimental
animals. The data obtained from these in vitro and cell
culture assays and animal studies can be used in formulating
a range of dosage for use in human. The dosage may vary
depending upon the dosage form employed and the route of
administration utilized. The exact formulation, route of
administration and dosage can be chosen by the individual
physician in view of the patient’s condition. (See e.g., Fingl,
et al., 1975, in “The Pharmacological Basis of Therapeu-
tics”, Ch. 1 p. 1).

Dosage amount and interval may be adjusted individually
to provide levels of the active ingredient at the diseased
tissue that are sufficient to induce or suppress the biological
effect (minimal effective concentration, MEC). The MEC
will vary for each preparation, but can be estimated from in
vitro data. Dosages necessary to achieve the MEC will
depend on individual characteristics and route of adminis-
tration. Detection assays can be used to determine plasma
concentrations.

Depending on the severity and responsiveness of the
condition to be treated, dosing can be of a single adminis-
tration or a plurality of administrations, with course of
treatment lasting from several days to several weeks or until
cure is effected or diminution of the disease state is
achieved.

The amount of a composition to be administered will, of
course, be dependent on the subject being treated, the
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severity of the affliction, the manner of administration, the
judgment of the prescribing physician, etc.

Compositions of some embodiments of the invention
may, if desired, be presented in a pack or dispenser device,
such as an FDA approved kit, which may contain one or
more unit dosage forms containing the active ingredient. The
pack may, for example, comprise metal or plastic foil, such
as a blister pack. The pack or dispenser device may be
accompanied by instructions for administration. The pack or
dispenser may also be accommodated by a notice associated
with the container in a form prescribed by a governmental
agency regulating the manufacture, use or sale of pharma-
ceuticals, which notice is reflective of approval by the
agency of the form of the compositions or human or vet-
erinary administration. Such notice, for example, may be of
labeling approved by the U.S. Food and Drug Administra-
tion for prescription drugs or of an approved product insert.
Compositions comprising a preparation of the invention
formulated in a compatible pharmaceutical carrier may also
be prepared, placed in an appropriate container, and labeled
for treatment of an indicated condition, as is further detailed
above.

Treatment of any of the conditions described herein with
a compound described herein (according to any of the
respective embodiments described herein) may optionally
be further comprise co-administration of one or more addi-
tional agent for treating the condition (e.g., an agent known
in the art to be useful in treating the condition). The
additional agent can be co-administered prior to, concomi-
tantly or subsequent to administering the compound of the
present invention.

A pharmaceutical composition according to some
embodiments of any of the embodiments described herein
further comprises, in addition to a compound and carrier
described herein, one or more additional agent useful for
treating a condition described herein (according to any of the
respective embodiments).

As used herein the term “about” refers to £10%, and in
some embodiments the term “about” refers to +5%.

The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

The term “consisting of” means “including and limited
to”.

The term “consisting essentially of” means that the com-
position, method or structure may include additional ingre-
dients, steps and/or parts, but only if the additional ingre-
dients, steps and/or parts do not materially alter the basic and
novel characteristics of the claimed composition, method or
structure.

As used herein, the singular form “a”, “an” and “the”
include plural references unless the context clearly dictates
otherwise. For example, the term “a compound” or “at least
one compound” may include a plurality of compounds,
including mixtures thereof.

Throughout this application, various embodiments of this
invention may be presented in a range format. It should be
understood that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to
have specifically disclosed all the possible subranges as well
as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should
be considered to have specifically disclosed subranges such
as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from
2 to 6, from 3 to 6 etc., as well as individual numbers within
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that range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Whenever a numerical range is indicated herein, it is
meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals ther-
ebetween.

As used herein the term “method” refers to manners,
means, techniques and procedures for accomplishing a given
task including, but not limited to, those manners, means,
techniques and procedures either known to, or readily devel-
oped from known manners, means, techniques and proce-
dures by practitioners of the chemical, pharmacological,
biological, biochemical and medical arts.

It is appreciated that certain features of the invention,
which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable subcombination or as suitable in any other
described embodiment of the invention. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.

Various embodiments and aspects of the present invention
as delineated hereinabove and as claimed in the claims
section below find experimental support in the following
examples.

EXAMPLES

Reference is now made to the following examples, which
together with the above descriptions illustrate some embodi-
ments of the invention in a non-limiting fashion.

Materials and Methods

Materials:

Tunicamycin (Tun), PKR inhibitor (PKRi), poly-1:C and
other common reagents were obtained from Sigma.

PERK inhibitor A4 [Wang et al., Chem Biol Drug Des
2010, 76: 480-495] was obtained from ChemBridge Chemi-
cal Store.

Antibodies:

Rabbit anti-phospho-elF2a. (Ser51) and mouse anti-total
elF2a were obtained from Cell Signaling.

Mouse anti-GAPDH was obtained from Chemicon Inter-
national.

Goat anti-rabbit and anti-mouse IgG conjugated to HRP
were obtained from Jackson Labs.

Cell Culture and Transfections:

STHdhQ7/7 and STHdhQ111/111 cells were grown as
described in Leitman et al. [PLoS One 2014, 9(3):e90803].

Treatments and Immunoblotting:

Cells were treated with Tun (5 ag/ml) or with A4, PKRi,
poly-I:C or exemplary PERK inhibitors of the present
embodiments, by adding the tested compound to the cell
medium at the indicated concentrations and times. Cell lysis
and immunoblotting was performed as described in Leitman
et al. [PLoS One 2014, 9(3):¢90803].
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Cell Cycle FACS Analysis:

After the indicated treatment times in full medium or in
DMEM without serum, cells were incubated with propidium
iodide (PI) solution (10 ag/ml) and read by flow cytometry
as described in Leitman et al. [PLoS One 2014, 9(3):
€90803]. Cells in sub-GO/G1 were counted as apoptotic/
dead cells.

Mouse HD Model:

The HD mouse model used was the R6/2 transgenic mice
model B6CBA-R6/2 (CAG 160) Jackson Lab USA. R6/2
mice express only the exon 1 of the human Htt gene,
including 150 CAG repeats driven by the human Htt pro-
moter directly influencing the transgene expression levels
and thereby the development of HD-like pathology. Out of
all the existing mouse models of HD, the R6/2 mouse is one
that develops symptoms the most rapidly and has the most
widespread occurrence of Htt inclusions in the brain. Fur-
thermore, these lines are the most widely used in therapeutic
trials. In these animals, the initial signs of motor symptoms
commence around 3 weeks of age. The mice display loco-
motor hyperactivity and shortly thereafter, they exhibit the
first signs of impairments of learning and memory, which
gradually become worse up to the age of 7 weeks. While
R6/2 mice are initially hyperactive, they gradually reduce
their motor activity and become hypoactive around 8 weeks
of age. Their motor function and coordination progressively
deteriorate, and can be detected as a reduction in the time
they can stay on a rotating rod, the so-called Rotarod.
Typically, R6/2 mice are severely impaired by 8-12 weeks of
age and most colonies die at around 13-16 weeks of age.

Study Groups: Treated R6/2 mice were compared with
untreated and with treated and untreated control WT (wild-
type) littermates, in four groups of 18 mice/each. A group of
WT without the Alzet pump was also added.

Rotarod Test:

Motor activity was assessed by the rotarod test using the
San Diego Instrument, Rotor-Rod (San Diego Instruments,
CA, USA) (0-25 RPM). R6/2 mice and controls were tested
every week after pump transplantation. Each test consisted
of 3 consecutive measurements of 5 minutes on 4 rpm, 60
minutes of rest, 3 times 0-40 rpm. The latency to fall was
recorded.

Limb Clasping:

Hind-limb clasping behavior was scored on a scale from
0 to 3: O=normal; 1=clasps hind limbs within 30 seconds of
being suspended in the air; 2=clasps hind limbs within 5
seconds but recovers quickly when released after 30 sec-
onds; 3=clasps hind limbs within 5 seconds and has diffi-
culty recovering when released after 30 seconds.

Ledge Test:

The ledge test is a direct measure of coordination. Mice
were lifted from the cage and placed on the cage’s ledge.
Mice will typically walk along the ledge and attempt to
descend back into the cage. Walking along the ledge without
losing its balance is assigned a score of 0. If the mouse loses
its footing while walking along the ledge, it receives a score
of 1. If it does not effectively use its hind legs, or lands on
its head rather than its paws when descending into the cage,
it receives a score of 2. If it falls off the ledge, or nearly so,
while walking or attempting to lower itself, or shakes and
refuses to move at all despite encouragement, it receives a
score of 3.

Gait:

Gait is a measure of coordination and muscle function. If
the mouse moves normally, with its body weight supported
on all limbs, with its abdomen not touching the ground, and
with both hindlimbs participating evenly, it receives a score
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of 0. If it shows a limp while walking, it receives a score of
1. If it shows a severe limp, lowered pelvis, it receives a
score of 2. If the mouse has difficulty moving forward and
drags its abdomen along the ground, it receives a score of 3.

Kyphosis:

Kyphosis is a characteristic dorsal curvature of the spine
that is a common manifestation of neurodegenerative dis-
ease in mouse models. It is caused by a loss of muscle tone
in the spinal muscles secondary to neurodegeneration. If the
mouse is able to easily straighten its spine as it walks, and
does not have persistent kyphosis, it receives a score of 0. If
the mouse exhibits mild kyphosis but is able to straighten its
spine, it receives a score of 1. If it is unable to straighten its
spine completely and maintains persistent but mild kypho-
sis, it receives a score of 2. If the mouse maintains pro-
nounced kyphosis as it walks or while it sits, it is assigned
a score of 3.

Statistical Analysis:

Generally, the results are expressed as meanzstandard
error unless otherwise stated. Student’s t-test was used to
compare the means of two groups. Comparisons between
several groups were performed using ANOVA with Scheffe
post hoc analysis. Repeated tests (weekly rotarod) were also
analyzed using the repeated measurement ANOVA test.

Example 1
Chemical Syntheses

Derivatives of the previously reported A4 PERK inhibitor
[Wang et al., Chem Biol Drug Des 2010, 76: 480-495] were
designed and synthesized, using, as starting materials, com-
pounds structurally related to the compounds used for pre-
paring A4 (vanillin, an aromatic aldehyde, and a 1,1-disub-
stituted hydrazine, bearing a diarylpyrimidine substituent)
while forming the hydrazone bond of A4.

The designed compounds included elimination of the
bulky bromo substituent present in A4 as a means to increase
activity (see, Compound 1; MPGL1). Other substitutions
were made as detailed hereinafter, producing a series of
compounds, denoted herein Compounds 2-5, as depicted
below. High yields of over 80% were obtained for most
compounds.

General Procedure for the Preparation of Compounds 1-5:

CHO

i-PrOH
AcOH (pH = 4), 85-90° C.

R, R

R,
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-continued
NZ

|
NYN\
= N

R,

Ry

To a suspension of 2-(N-methylhydrazino)-4,6-diphe-
nylpyrimidine (1 equivalent) in isopropyl alcohol (7-8 mL)
was added the corresponding substituted benzaldehyde (2
equivalents). Acetic acid was then added until pH 4 was
reached, and the reaction mixture was refluxed for 2 hours,
until TLC (using dichloromethane; DCM, as eluent) indi-
cated disappearance of the starting materials and the forma-
tion of the product. After cooling the reaction mixture in
refrigerator overnight, the resultant yellow precipitate was
filtered off, washed with cold isopropanol and dried under
high vacuum.

Synthesis of 2-{N-methyl-N'-(3-methoxy-4-hy-

droxybenzylidene)hydrazinyl}-4,6-diphenylpyrimi-
dine (Compound 1; MPGLJ)

CHO

i-PrOH
AcOH (pH = 4), 85-90° C.

H OMe

OMe

OH

Compound 1 (MPGL1) was synthesized by refluxing
2-(N-methylhydrazino)-4,6-diphenylpyrimidine (0.13 gram,
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0.45 mmol, 1 equivalent) and 3-methoxy-4-hydroxybenzal-
dehyde (vanillin) (0.14 gram, 0.9 mmol, 2 equivalents) in 8
ml isopropanol in the presence of the AcOH, as described
under the general procedure hereinabove. The yield of light
yellow crystals of Compound 1 was 0.15 gram (80%).

'H NMR (400 MHz, DMSO-d®) &: 9.36 (br s, 1H), 8.45
(d, 1=5.8 Hz, 4H), 8.10 (s, 1H), 7.95 (s, 1H), 7.58 (m, 6H),
7.17 (d, J=8.1 Hz, 1H), 6.86 (d, J=8.0 Hz, 1H), 3.93 (s, 3H),
3.79 (s, 3H).

13C NMR (100 MHz, DMSO-d®) 8: 165.7, 149.4, 148.7,
138.7, 138.1, 132.2, 129.9, 128.3, 122.5, 56.4, 32.8, 26.7.

Synthesis of 2-{N-methyl-N'-(3,5-dimetoxyben-
zylidene)hydrazinyl}-4,6-diphenylpyrimidine (Com-
pound 2; MK-26)

NH,

i-PrOH
AcOH (pH = 4), 85-90° C.

OMe

OMe

OMe

Compound 2 (MK-26) was synthesized from 2-(1-meth-
ylhydrazino)-4,6-diphenylpyrimidine (0.1 gram, 0.36 mmol,
1 equivalent) and 3,5-dimethoxybenzaldehyde (0.12 gram,
0.72 mmol, 2 equivalents) in 8 ml isopropanol in the
presence of AcOH, as described under the general procedure
hereinabove. The yield of white crystals of Compound 2 was
0.13 gram (86%).

'H NMR (400 MHz, DMSO-d®) 8: 8.45 (m, 4H), 8.15 (s,
1H), 7.90 (s, 1H), 7.58 (dd, J=2.0 Hz, J=5.4 Hz, 6H), 7.11
(d, J=2.2 Hz, 2H), 6.50 (t, I=2.2 Hz, J=4.7 Hz, 1H), 3.84 (s,
6H), 3.83 (s, 3H).

13C NMR (100 MHz, DMSO-d®) §: 165.9, 161.1, 137.3,
131.5, 129.3, 127.6, 104.6, 101.6, 55.5, 31.4.
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Synthesis of 2-{N-methyl-N'-(3,4-dihydroxyben-
zylidene)hydrazinyl}-4,6-diphenylpyrimidine (Com-
pound 3; MK-28)

CHO

i-PrOH
AcOH (pH = 4), 85-90° C.

OH

OH

OH

Compound 3 (MK-28) was synthesized from 2-(1-meth-
ylhydrazino)-4,6-diphenylpyrimidine (0.1 gram, 0.36 mmol,
1 equivalent) and 3,4-dihydroxybenzaldehyde in 8 mL iso-
propanol in the presence of AcOH, according to the general
procedure described hereinabove. The yield of Compound 3
was 0.12 gram (84%).

11 NMR (400 MHz, DMSO-d®) 8: 9.24 (br s, 11), 8.41
(m, 4H), 8.06 (s, 1H), 7.90 (s, 1H), 7.60 (dd, I=1.9 Hz, J=5.8
Hz, 6H), 7.39 (d, I=1.9 Hz, 1H), 7.07 (dd, J=1.9 Hz, J=8.2
Hz, 1H), 6.81 (d, 1=8.1 Hz, 1H), 3.79 (s, 3H).

13C NMR (100 MHz, DMSO-d®) &: 165.9, 147.9, 146.7,
140.0, 138.2, 132.0, 128.8, 128.4, 120.9, 116.7, 114.1,
104.9, 63.2, 32.4, 26.6.
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Synthesis of 2-{N-methyl-N'-(3-hydroxy-4-
methoxybenzylidene)hydrazinyl}-4,6-diphenylpy-
rimidine (Compound 4)

CHO

i-PrOH
AcOH (pH = 4), 85-90° C.

HO H

OMe

OMe

OH

Compound 4 was synthesized from 2-(1-methylhy-
drazino)-4,6-diphenylpyrimidine (0.1 gram, 0.36 mmol, 1
equivalent) and 3-hydroxy-4-methoxybenzaldehyde (0.115
gram, 0.72 mmol, 2 equivalents) in 8 mL isopropanol in the
presence of AcOH, as described under the general procedure
hereinabove. The yield of yellow crystals of Compound 4
was 0.1 gram (68%).

'H NMR (400 MHz, DMSO-d®) 8: 9.29 (br s, 1H), 8.42
(m, 4H), 8.08 (s, 1H), 7.94 (s, 1H), 7.58 (m, 6H), 7.42 (d,
J=5.1 Hz, 1H), 7.20 (dd, J=2.6 Hz, J=9.1 Hz, 1H), 7.01 (d,
J=10.2 Hz, 1H), 4.39 (d, J=5.1 Hz, 1H), 3.82 (d, J=1.7 Hz,
6H).

3CNMR (100 MHz, DMSO-d%) 8: 165.9, 162.0, 150.6,
147.9, 140.6, 138.1, 132.1, 130.0, 128.4, 121.2, 114.1,
114.0, 105.7, 63.9, 56.9, 32.8, 26.6.
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Synthesis of 2-{N-methyl-N'-(3,5-dimethoxy-4-
hydroxybenzylidene)hydrazinyl}-4, 6-diphenylpy-
rimidine (Compound 5)

CHO

i-PrOH
AcOH (pH = 4), 85-90° C.
MeO OMe
OMe
i
N
OH

T\

OMe

Compound 5 was synthesized from 2-(1-methylhy-
drazino)-4,6-diphenylpyrimidine (0.1 gram, 0.36 mmol, 1
equivalent) and 3,5-dimethoxy-4-hydroxybenzaldehyde
(0.13 gram, 0.72 mmol, 2 equivalents) in 8 mL isopropanol
in the presence of AcOH, as described under the general
procedure hereinabove. The yield of yellow crystals of
Compound 5 was 0.13 gram (82%).

'"H NMR (400 MHz, DMSO-d®) 8: 8.71 (br s, 1H), 8.43
(m, 4H), 8.09 (s, 1H), 7.93 (s, 1H), 7.56 (dd, I=1.8 Hz, J=5.2
Hz, 6H), 7.22 (s, 2H), 3.89 (s, 6H), 3.81 (s, 3H).

13C NMR (100 MHz, DMSO-d°) 8: 165.8, 149.3, 138.6,
132.2, 129.9, 128.3, 113.3, 104.9, 56.8, 2.0.

Example 2

Reduction of Cytotoxicity in an HD Striatal Cell
Model Reduction of Cytotoxicity by the A4
Inhibitor in an HD Striatal Cell Model

Results from previous experiments demonstrated that
murine striatal cells (STHdh?””) were more sensitive to ER
stress-inducing drugs than other cell types and expression of
Htt111Q (STHdhC' ! cells) further increased this stress
sensitivity [Leitman et al., PLoS One 2014, 9(3):e90803]. As
the activity of PERK was particularly affected in the Hun-
tington’s disease (HD) models [Leitman et al., PLoS One
2014, 9(3):e90803], the therapeutic capacity of a PERK
inhibitor named A4 [Wang et al., Chem Biol Drug Des 2010,



US 10,723,706 B2

37

76:480-495] was tested in cells expressing polyQ-expanded
Htt, as depicted in Background art FIG. 1. The results are
presented in FIGS. 2A-2D.

As shown in FIGS. 2A and 2B, A4 was able to diffuse
through the cell membrane and specifically inhibit PERK
(elF2aK3) upon its induction by tunicamycin (FIG. 2A),
and not inhibit cytosolic PKR (elF2aK2), another kinase of
elF2a, upon its induction by poly-1:C (FIG. 2B).

As shown in FIG. 2C, the cytotoxicity in STHdh@! /11!
cells was specifically reduced by A4, which rescued the cells
in a dose-dependent manner. In contrast, as shown in FIG.
2D, no effect was displayed by a PKR inhibitor on cytotox-
icity in STHAhQ'""*!* cells. Each inhibitor was used at its
normal inhibitory range.

Effect of the Novel PERK Inhibitors on the HD Cellular
Model:

The activity of the novel inhibitors, compared to A4, in
preventing cytotoxicity induced by pathogenic Htt, was then
tested. A stable murine striatal cell line expressing full-
length polyQ-expanded Htt, STHdhQ''""*!!, was used. The
results are presented in FIGS. 3A-3B.

As shown in FIG. 3A, MPGL1 (Compound 1) was more
potent than A4 in inhibiting ER stress-induced cell death in
cells expressing mutant Httll1Q upon exposure to tunicamy-
cin, especially at the low concentration range. As further
shown in FIG. 3A, Compound 3 (MK-28) was significantly
more potent than A4 (>3 fold lower IC50 for inhibition of
cytotoxicity in the STHdh?'' /11! cells) in the presence of
additional ER stress caused by tunicamycin.

As shown in FIG. 3B, Compound 3 (MK-28) had a strong
protective effect, in the low micromolar range, in cells
incubated without serum without addition of an ER stressor;
whereas A4 showed almost no protection under such con-
ditions.

Furthermore, neither MPGL1 nor MK-28 exhibited intrin-
sic cytotoxicity on cells.

Toxicity:

MK-28 toxicity was tested in pancreatic beta cells, the
type of cell that is most sensitive when ER stress response
pathways are affected. A conditionally transformed mouse
pancreatic islet beta-cell line (betaTC-tet), such as described
by Efrat [Ann NY Acad Sci 1999, 875:286-293], was used.
These cells produce high amounts of insulin, resulting in a
high protein load in the ER, making them very sensitive to
ER stress and other stimuli, such as cytokine effects. Com-
promising any of the UPR branches leads to cytotoxicity in
these cells. MK-28 was compared to the ER stressor tuni-
camycin (Tun).

As shown in FIG. 4, MK-28 had very low toxicity
throughout the tested concentration range (up to 500 nm),
whereas Tun was toxic.

Example 3
HD Mouse Model

To test the therapeutic potential of the PERK inhibitors,
an HD mouse model was used. Specifically, the R6/2 trans-
genic mice model was used. R6/2 mice express only exon 1
of'the human Htt gene, including 150 CAG repeats driven by
the human Htt promoter directly influencing the transgene
expression levels and thereby the development of HD-like
pathology [Mangiarini et al., Cell 1996, 87:493-506; Li et
al.,, NeuroRx 2005, 2:447-464].

Toxicity:

MK-28 (Compound 3) toxicity was tested in wild type
(WT) mice and no toxic effects were observed after admin-
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istration of 6 mg/kg (6 times the dose used for the thera-
peutic experiment) for 2 weeks using continuous dosing
with a subcutaneous implantation of an Alzet pump model
1002, with a rate of 0.11 pl/hour.

Pharmacokinetics (PK) and Blood Brain Barrier (BBB)
Penetration:

Pharmacokinetics (PK) and blood brain barrier (BBB)
penetration were analyzed in WT mice.

As shown in FIG. 5, the peak of MK-28 plasma concen-
tration (105 ng/ml) was detected 40 minutes after adminis-
tration of 10 mg/kg MK-28 by IP injection, witha T, , value
of 30 minutes. As further shown therein, BBB penetration
showed a peak of more than 50% of the concentration in
plasma (57 ng/ml) achieved 40 minutes after administration,
with a T, ,, value of 80 minutes (FIG. 5), indicating very
good brain bioavailability of the compound.

Motor and Behavioral Tests:

For the therapeutic assessment of MK-28 delivery, Alzet
pumps model 1004, with a rate of 0.11 pl/hour and 28 days
compound delivery were used. Five groups of mice were
studied: (1) Transgenic (TG) treated with MK-28, (2) TG
without treatment (pumps with vehicle), (3) Wild-type (WT)
treated with MK-28, (4) WT without treatment (pumps with
vehicle), (5) WT without pumps.

Alzet pumps were implanted at 4 weeks of age and
MK-28 was administered at 1 mg/kg with continuous dosing
for 28 days. This concentration is in a typical clinical dose
range. The mice’s motor function and coordination were
tested by Rotarod, and limb clasping, ledge, gait and kypho-
sis were also tested. Vocalization tests were also performed
and survival was assessed. Tests were performed in two
independent blind experiments.

Weight evaluation during 7 weeks after pump implanta-
tion showed no significant differences between animals that
received MK-28 or vehicle, being TG or their WT litter-
mates, supporting the lack of inherent toxicity associated
with the MK-28 delivery (not shown).

As shown in FIG. 6, blood glucose levels were increased
in the TG mice and reduced by treatment with MK-28;
whereas the compound had no effect on the glucose levels in
the WT mice.

As in PERK knockout mice, pancreatic beta cells are
affected and glucose levels altered, suggesting that at the
administered levels, MK-28 inhibition is not so extreme as
to affect pancreatic function.

Rotarod analysis was performed by assessing the maxi-
mum performance of each animal during three consecutive
trials at different time points. The analysis evaluated the
motor behavior of animals starting one week after the pump
implantation (equivalent to the mice fifth week of life) and
ending by seven weeks after first MK-28 delivery.

Data analysis showed no significant differences between
the five groups during the first three weeks after the treat-
ment initiation. However, eight weeks old mice (4 weeks
after pump implantation) showed significant differences in
performance between R6/2 TG mice and their control WT
littermates.

Moreover, as shown in FIG. 7, MK-28 treated TG mice
showed significant improvement in general motor perfor-
mance as compared to TG mice without treatment (p<0.05).
This improvement was effectively sustained for three weeks
after the end of MK-28 administration, until both TG groups
met at week 7 after pump implantation, due to severe motor
deficits associated with the R6/2 strain. WT mice without
any intervention performed similarly to those that received
pumps filled with vehicle or MK-28 compound, showing no
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significant differences between groups and no compromised
motor performance associated with MK-28 treatment.

In parallel to the Rotarod analysis motor function and
disease severity were evaluated using a simple composite
phenotype that includes the combined analysis of hind limb
clasping, ledge walk, gait and kyphosis [Guyenet et al., J Vis
Exp 2010, (39):1787]. This test has the ability to effectively
discriminate between affected and non-affected individuals,
while also quantifying the temporal progression of neuro-
degenerative disease phenotypes such as HD.

As shown in FIG. 8, TG and WT mice performed differ-
ently starting from week four after pump implantation, in
concordance with the results of the abovementioned rotarod
test. From week 6 until the end of the analysis, TG mice
treated with MK-28 showed lower scores than those without
treatment, indicating a significant positive effect of the
treatment on gait, clasping and general motor function
(p<0.05). These results validate the model and test potency.

As further shown in FIG. 8, WT animals with or without
pump or MK-28 performed similarly, again with no detri-
mental effect exerted by the tested compound in healthy
animals (p>0.05), in agreement with results of the above-
mentioned rotarod test.

Vocalization was evaluated, as it reflects motor and cog-
nitive abilities.

As shown in FIG. 9, while WT mice emit high number of
syllables (230 in 5 minutes), the R6/2 mice produce few if
any syllables (4.3 in 5 minutes). The MK-28-treated mice
produced 13.75 syllables in 5 minutes. The effect of the
MK-28 was very robust (three fold difference).

Survival:

As shown in FIG. 10, mice survival analysis showed a
significant positive impact of MK-28 delivery in the lifespan
of TG animals, considering that the drug was delivered only
between age weeks 4 to 8. Median survival was increased by
8 days in treated TG mice (97 days) in comparison to their
untreated counterparts (89 days). Moreover, death initiation
in the TG MK-28 group was also delayed by almost 10 days
when comparing them to animals treated with vehicle.

Although the invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims.

All publications, patents and patent applications men-
tioned in this specification are herein incorporated in their
entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent
application was specifically and individually indicated to be
incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as neces-
sarily limiting.
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What is claimed is:
1. A compound represented as Compound 1:

Compound 1
OH

CH;

or a salt thereof.

2. A method of alleviating a symptom of Huntington’s
disease, the method comprising administering to a subject
suffering from a symptom of Huntington’s disease a thera-
peutically effective amount of a compound represented by
Formula I*:

Formula I*

Ry

R3

or a pharmaceutically acceptable salt thereof,
wherein:

R, is H;

R, is OH;

R is OH or OR";

R' is selected from the group consisting of alkyl,
cycloalkyl, heteroalicyclic, aryl and heteroaryl;

R; and R, are each hydrogen;

Ra is alkyl;

Rs-R,, are each independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, heteroalicyclic, halo,
hydroxy, alkoxy, sulfonate, sulfoxide, thiosulfate,
sulfate, sulfite, thiosulfite, phosphonate, thiohy-
droxy, thioalkoxy, cyano, nitro, azo, sulfonamide,
carbonyl, thiocarbonyl, C-carboxylate, O-carboxy-
late, N-thiocarbamate, O-thiocarbamate, acyl halide,
azide, urea, thiourea, N-carbamate, O-carbamate,
C-amide, N-amide, hydrazine and hydrazide,
wherein R7 and R12 are each other than bromo,

thereby alleviating the symptom of Huntington’s dis-
ease.
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3. The method of claim 2, wherein when R is OR', and R’
is methyl, R, and R, , are each other than bromo.

4. The method of claim 2, wherein Ra is methyl.

5. The method of claim 2, wherein R, and R, are each
hydrogen.

6. The method of claim 2, wherein Rs-R,, are each
hydrogen.

7. The method of claim 2, wherein R;-R,, are each
hydrogen.

8. The method of claim 2, wherein R is OR".

9. The method of claim 8, wherein R' is methyl.

10. The method of claim 2, wherein the compound is
Compound 1:

Compound 1
OH

CH;.
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11. The method of claim 2, wherein R is OH.

12. The method of claim 2, wherein the compound is
Compound 3:

Compound 3
OH

OH.




