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PROTEASOME ENHANCERS AND USES THERECQF

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001] This application claims the benefit of LS. Provisional Appl. Ser. No.
83/0184 262, filed August 11, 2020, the entirety of which is incorporated by reference
as if fully set forth herein,
STATEMENT OF GOVERNMENT SUPPORT
10002] This invention was made with government support under NS111347,
AGOET306 and GMO92715 awarded by the National Institbies of Heailth. The
governmant has certain rights in the invention.
BACKGROUND

[0003] The reguiation of protein synthesis, degradation, folding, trafficking and
aggregation within a cell are coliectively known as proteostasis. Proteostasis is
maintained by a wide array of cellular machinery that work to ensure that proteins are
presant in the propsr location, amounts and form to perform their respective functions.
When cne of the pathways involved with protecstasis bacomas dysregulated there ¢an
be disastrous effects on the cell and even on neighboring cells. One increasingly
prevalant exampie of this is seen in neurodegenerative dissases, such as Parkinson's
disease {PD), Alzhelimer's disease (AD), Huntingtor's disease (HD) and amyotrophic
lateral sclerosis (ALS). In these neurodegenerative diseases, accumulation of specific
agoregation-prone proteins (hereafier referred o as intrinsically disordered proteins
(IDPs)) leads fo toxic signaling and disruption of proteostasis caused by their
uncontrolled  aggregation and  oligomerization  (hereafter, aggregation and
oligomerization are used interchangeably}. For example, the IDP a-synuclein {a-syn)
and its oligomers are associated with the pathogenesis of PR, 1DPs are named for their
lack of tertiary structure allowing them to adopt numsrous conformations and interact
with muitiple binding partners. IDPs are generally short-lived signaling proteins or
transcription factors that are highly bound to other celivlar componenis keeping free
cytosolic levels low. Additionally, unbound IDPs are readily degraded by the 208
proteasems, the default protease respensible for 1BP digestion. The accumulation of
IDPs seen in neurcdegenerative diseasas can begin as a resull of ons of several
disruptions {e.g. mutations, changes in exprassion, oxidative stress, aging,
profeasoms impaimment, eie.) o their normal regulation. While a-syn may not be ths
sole cause of PD, thers is strong evidence supporting is key rolg in the dissase,
including familial forms of PD resulting from mutations in the SNCA gene. Elevalad
monomeric a-syn levels are also known to cause apoptosis-inducing aggregation in
neurons. Additionally, oligomeric forms of a-syn and other {DPs have recently been
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shown to directly inhibit the proteasome, further disrupting its ability 1o regulate IDPs
concentrations. These data collectively suggest that the accumulation of a-syn and
formation of oligomeric species of the 1DP play a critical rols in the progression of PD.
Dus to a lack of definsd binding pockets, 1DPs such as a-syn, and their aggregation
ars difficuli to target through traditional small molscule drug design. There are currently
rio effective treatments 1o hinder the progression of neurodegenerative diseases that
are associated with 1DP accumulation.
BRIEF DESCRIPTION OF THE FIGURES

{00043 The drawings illustrate generally, by way of example, but not by way of
imitation, various embodiments discussed herein.

{0005} FiG. 1A is the structure of astemizole, which iz referred to herein as
“‘compound 1,” and acy! astemizole, which is referred to herein as “compound 2.7
o008} FiG. 1B is a plot of percent fold activation over vehicle as a function of
log[M] astemizole and acyl astemizole and includes two iables describing each
compound’s increase activity by 200% (ACa0) and max fold increass.

{0007] FiG. 2A is a representative silver siain illustrating induced degradation
of a-synuclein by the 205 proteasome inthe presence of 1, 8, B, and 10 uM astemizole
{1

[0008] FIG. 2B is a bar graph showing psrcent a-synuclein remaining in the
presance of various concantrations of astemizole and the 205 proteasoms {n=3).
{00091 FIG. 2C is a table showing the guantification of a-synuclein remaining
after treatment with the 2085 proteasome and vancus concentrations of astemizole.
Error bars denote standard dsviation. Ordinary one-way ANQVA statistical analysis
was used to determine statislical significance {(hs=not significant, "p<0.05, "p<0.01,
<0001, T p<0.0001).

{0010} FIG. 3A is a representative silver siain illusirating induced degradation
of a-synuclein by the 208 proteasome in the presence of 1, 3, 5, and 10 uM acy!
astemizole (2.

o011} FIG. 3B is a bar graph showing percent a-synuclein remaining in the
presence of various concentrations of acyl astemizole and the 205 proteasome (n=3).
oo 2y FIG. 3C is a table showing the guantification of a-synuclein remaining
after treatment with the 208 proteasome and wvarious concentrations of acyl
astemizole. Error bars denote standard deviation. Ordinary one-way ANOVA statistical
analysis was used to determine statlistical significance {ns=not significant, "p<0.05,
*p<0.01, *p<0.001, " *p<0.0001).
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{00133 FiG. 4A is tables and accompanying plots of % luminascence as a
function of astemizole concentration.

{00143 FiG. 4B is tables and accompanying plots of % luminascence as a
function of acyl astemizole concantration.

{0015} FiG. 4C is tables and accompanying plots of % lumingscence as a
function of AV-1-10 concentration.

{og16] FIG. 5is the chemical structure of the compound AV-1-10 mentioned in
FiG. 4C.

SUMBMARY
03173 The disclosure refates o small molecules that enhance proteasome

function and resiore the activity of impaired proteasomes. Small molecule proteasome
enhancers prevent the toxic accumulation of aggregation-prone proteins and prevent
neuronal cell death caused by aggregation-prong proteins. The disclosure therefore
reiates o the use of small molecuies as therapeutic agenis to treal neurodegenerative
diseases. Neurodegenerative diseases include, but are nol limited to Alzheimer's
disease (AD) and other dementias, Parkinson's disease (PD) and PD-rslated
disorders, Prion disease, Motor neuron diseases (MND), Huntington's disease (HD),
Spinocerebsllar ataxda (8CA), Spinal muscular atrophy (SMA).

DESCRIPTION
{0018} Currgntly, there are no avallable therapsutics to prevent or slow down
the progression of neurodegenerative diseases, such as Alzheimer's and Parkinson’s.
The disclosure relaies to a chemotype that has been shown herein 1o be a biclogically
active enhancers of mammalian proteasomes. The chemotype described herein is
based on astemizole and derivatives thereof.
0019} The disclosure relates 1o astemizole and derivates thereof, and their
use o, amang other ihings, prevent or slow down ithe progression of
neurcdegensrative diseases. The disclosure therefore relates o compounds of the
formula (I}

R5
[

{H
or a pharmaceutically acceptable sall, polymorph, prodrug, solvats or dlathrats thersof,

whearein:
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B is aryl {(e.g., phenyl} or heteroaryl {8.g., an indolinyt group or a benzimidazolinyl
group);

R?is H, alkyl, aryi or heteroaryl;

X' iz alkyl {e.g., C-Cs alkyl) or alkenyi;

X2 iz N or CR®, wherein R? is absent {e.g., when X' is alkenyl), hvdrogen, alkyl,
heterocyclyl, or aryl;

Ris hydrogen, alkyl, cycloalkyl, heterocyelyl, aryl or heteroaryl; and

R°is hydrogen, alkyl, cycloalkyl, heterocyclyl, aryl or heteroaryl.

10020] Another example of a compound of formula (1) is a compound of the

formula (la):

{ta)
or a pharmaceutically acceptable salt, pelymorph, prodrug, soivate or clathrate thersof,
wharein:
R is aryi or heteroaryl (e.q., tricyclic heteroaryl, such as a phencthiazinyl group and a
carbazolyl group; and bicyclic hsterparyl, such as an indolinyl group or a
benzimidazoliny! group).
10021] Yet ancther example of a compound of formuia (I} are compounds of
the formulae {b) and (lc):

R5 RS
H i
R,&.—-N R4 N\/
/ [
N
: F
T ‘
:én ) i
R’ifx \RZ Rﬁ n
{1} {le)
or a pharmaceutically acceptable salt, pelymorph, prodrug, solvate or dathrate thersof,
wherein:
nisQ, 1orz
(0022} Also contemplated herein are compounds of the formulae:

PCT/US2021/045440
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvats or dlathrats thersof,
wharein:
R is aryl {e.g., phenyl) or hetercaryl {8.g., an indolinyl group or a benzimidazoliny
5 group);

R?is H, alkyl, aryi or heteroaryl;
X' iz alkyl or akenyl;
X2 is N or CR®, wherein B3 is absent {e.g., when X' is alkenyl), hydrogen, alkyl,
heterocyelyl, or aryl; and

10 B%is aryl or heteroaryl {e.g., tricyclic hetersary, such as a phenothiaziny! group and a
carbazolyl group; and bicyclic hetercaryl, such as an indolinyl group or a

benzimidazolinyl group), such as a compound of the formula:

1
Rg‘”x“N’%N
4
RQ”X“W‘\\N 4
4 g 1
o= (R SR
|
cRWa(‘& . N =
Ef\;\? &N> €R10}q/1¥ j
N /\7
/0 H
i =0 N
X! b St el
N 2.R? } ’.:f
R R 2
X
SN VRN
‘ X
(J}ﬁ RN "\\N
210y o e
{R¥)g 0 g NH \
K (R'Ei)}q,/ﬁ\}{\NH
*“N\/G ‘T"’\
X1 N cc
\XZ»RZ \f’
R1 g R‘”’XE 3
an

15 whersin:
qis 0,1, 20r3;
R®is alkyi, cycloalkyl aryl, heteroaryl, acyl, amide or carbamate; and

5
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gach R' is independently H, halo, alkyl, haloalkyl (e.g., CFs), alkoxy {e.g., -OR",
wherein R' is alkyl, cycloalikyl or aryl, hetercaryl, acyl, amide or carbamats) or
heterocyclyl {8.q., hetsroaryl); or

two R groups on adjacent carbon atoms, together with thoss carbon atams, can form
a cycloalkenyl, aryl or hetarocyelyl {e.q., hatergaryl); or

R® and an R'Y together with the aloms o which they are attached, can form a
heterocyivl group.

{0023} in the compounds of the formulae {8 and {a)-(ic), R can be aryl, such
as substituted aryl. For example, R' can be substituted or unsubstituted phenyl. In
addition or alternatively, R® can be H. In addition, or alternatively, X' can be alky!, such
as C-Cs alkyl, branched or unbranched, substituted or unsubstiuted.

{0024} in the compounds of the formulag () and (a)-(lc), the aryl and
heteroaryl groups of R’ can be unsubstituted or substituted as described herein. For
example, when the aryl or hetercaryl groups of R' are substituted, they can be
substituted with hale {e.g., I, Br, and F), aming, OR’, whergin R’ is hydrogen, akyl,
cycloalkyl, aryl or arylatkyl, S{O), wherein x is 0, 1 or 2, acyl, amido or heterocyclyl.
[0025] In the compounds of the formulae (B and {a)-(ic), the alkyl, aryl, and
hetercaryl groups of B® can be unsubstituted or substituted as described herein. For
example, when the alkyl, aryi or heteroaryl groups of B® are substituted, they can be
substituted with hale (e.g., Cl, Br, and F), aming, OR’, whergin R’ i3 hydrogen, alkyl,
cycloalkyl, aryl or arvlaikyl, S(O), wherein x is 4, 1 or 2, acyl, amido or heterocycivl
[0026] In the compounds of the formulae (1) and (la)-(Ic}. the alky!, cycloakyl,
heterocyclyl, aryl, and heteroary! groups of B* can be unsubstiluted or substituted as
described herein. For example, when the alkyl, cycloalkyl, heterocyclyl, aryl or
heteroaryl groups of R are substituted, they can be substituted with alkyl, cycloalkyl,
aryl, hetercaryl, halo {e.g., Cl, Br, and F), amino, OR’, wherein R’ is hydrogen, alkyl,
cycloalkyl, aryi or arvialkyl, S(0), wherein x is 4, 1 or 2, acyl, amide or heterocycivl
100271 in the compounds of the formulas () and {Ia)-(Ic), the alkyl, cycloalkyl,
heterocyclyl, aryl, and heteroary! groups of R can be unsubstituted or substituted as
described herein. For example, when the alkyl, cycloalkyl, heterocyclyl, aryl or
heterparyl groups of R® are substituted, they can be subsiituted with alkyl, cycloalkyl,
aryi, hetsroaryl, haio {e.g., Cl, Br, and F), amino, OR’, wherein R’ is hydrogen, alkyl,
cycloalkyl, aryl or arylatkyl, S{O)y, wherein x is 0, 1 or 2, acyl, amido or heterocyclyl.
{0028] In the compounds of the formulae (1) and (ia)-(Ic), the aryi or heteroaryl
groups of R® can be unsubstituled or substituted as described herein. For example,
when the aryl or heteroaryl groups of B are substituted, they can be substituied with

alkyl, cycloalkyl, aryl, heteroaryl, halo (e.g., Cl, Br, and F), aming, OR’, wherein R is

6
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hiydrogen, alkvl, cycloalkyl, arvl or arvialkyl, S{0O),, wherein x is 0, 1 or 2, acyi, amido
or heterocvelyl,

{00291 An exampis of a compound of the formulas (1) and (1a)-(I¢) includes, but
is not limited 10, a compound of the formula;

OMe 3nd
pharmaceutically acceptable salis, polymorphs, prodrugs, solvates or clathrates
thereof,

[00301 This disciosure also relates to compounds of the formula (1) and (lla)-
{lic):

1.p8 X! g
X=RE, R {l1a)
X’i
4 gy
Rg'ﬂx‘&/’\;\‘\;\é R jj\\/
~{
ZH ‘\ \W
g W R s HT¥
\X"’Nx\
@ Q
o] ” o
T ¥
X, X
RE (liby, R (lic) and

~§
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such as

(R, (R
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvats or dlathrats thersof,
wherain:
gis0, 1, 20r3;
gach X' is independently alkvl {e.g., -(CHb)-, whersin nis 0, 1, or 2) or akenyl;
5  BR® and R® are sach independsently alkyl, cycloalky! aryl, hetercaryl, acyl, amide or

carbamate; and
Wis Nor C-R% XisNoar C-R'% Y is Nor C-R': and Z is N or C-R'®; wherein each
R0 is independently H, halo, alkyl, haloalkyl {g.g., OFs), alkoxy {e.g., -OR", wherein
R ig alkyl, cycioalkyl or aryl, heteroaryl, acyi, amide or carbamate) or heterocyclyl

10 {e.g., hetsroaryl); or
two R° groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycioalkenyl, aryl or heterocyelyl {8.g., heteroaryl); or
RY and an R'° together with the atoms to which they are attached, can form a
hetarocyiyl group.

15 [0031) In one example, in the compounds of the formula (1), B® and R,

togather with the atoms to which they are altached, can form a hsterooylyi group such

2%
(Rm)q
5

e
HN o

1
N
L\j

4 .
RK'~R¥  Ancther variation on compounds of the formula (1)

inciude compounds of the formula:

~X
=
N
e
N o
7 N
N N
20 X-RE
{0032} This disclosurs also relates to compounds of the formula (IH):
W’ 12
\ i\E
‘f\ /L\ >_
X’E
RS (i
such as
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10
(Rh')q (R EQ\ (R’lﬁ)
o AR N 4
O S N &
e E«' " Pt o
9
RN RNy RQ\XVN 7 R E,g\;\,(
N~pi2 /N"R” Ntz Neg12
R’i?a R13 R‘E?.\ R1$
13 10
{R )q\ (Rm) {R )\ R
B 1 oM
n =N\
fi% j\f\%i\! /AN AN
N N
N TN N -
R N R8 N RY N RE N
R ~. - e Pl L S -
X \( X1 \\{ X 4 \{
/N“Rm /NNRQ /N\Rn /N\Rm
R1% ‘ g3 ! R13 or e

¢r a pharmaceutically acceptable salt, polymorph, prodrug, schvate or clathrate thereof,
whersin:
5 qisg 1,20r3;

X'is alkyl {e.g., {CHa)n-) or alkenyi;
Wis Nor C-RY: XisNor C-R'® Yis Nor C-R'% and 7 is N or C-R'%; wherein sach
R'¢ is independently H, halo, alkyl, halealky! {e.g., CFs), alkoxy {e.g., -OR", wherein
R is alkyl, cycloalkyl or aryl, hetercaryl, acyl, amide or carbamate) or heterocyciyl

10 {e.qg., hetercaryl); or
two R groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycicakenyl, arvl or heterocyclyl {e.g., heteroaryl); or
RY and an R together with the atoms to which they are attached, can form a
hetsrocylyl group; and

15 R'® and R™ are each independently alkyl, cycloalkyl aryi, heteroaryl, acyl, amide or
carbamate.
f0033] In one example, in the compounds of the formula (1), R® and R or R®
and R together with the atoms to which they are attached, can form a heterocylyl

group such as:

(R, ("1,
» ®
/N\R’(z ( Ntz

20 R13 and \’\v//

[0034] Examples of compounds of the formula (11} include:

10
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,

10035] This disclosure also relates to compounds of the formula (V)
W N
X7
! —R
YR\Z/ELN>
4
5 R? (v)
such as
10
(R’io)q (R )q\ N {Rﬂg)q
- PR J —N
N Oy O
\ﬁt\m \{;J\N ~ N /J\s\a
3 § 8 y 8 ;
R VN\/( R 1.‘5‘&\{* R\x,,/N\r{/ R\W,N\f{
Rt R4 R4 R4
(R% R, (R (=
L - Ga~N
AN AT A R
/
YA = = A
) N ] N ] LOON
B T (e S
Rm R’M R‘M ar RM'

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
10 wherein:

qis 0,1, 20r3;

X' ig alkyl {e.g., {CHa)x-) ar alkenyi;

Wis Nor C-RY: Xis Nor C-R'®: Yis Nor C-R'% and 7 is N or C-R'%; wherein sach

R'% is independently H, halo, akyl, haloalky! {e.q., CF3), alkoxy {e.g., -OR", wherein
15 R'is alkyl, cycloalkyl or aryi, heteroaryl, acyl, amide or carbamate) or heterocycivl

{e.g., hetercarvl}; o

11
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two R'C groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycloalkenyl, aryl or heterocyelyl {e.q., hetercaryl); or
RB® and an R'%, together with the aloms to which they ars attached, can form a
heterooyiyl group; and
5  R'igaryl {e.g., phenyl) or heterocyelyt {e.g., heteroaryl); or

R® and R™, togsther with the atoms to which they are attached, can forma an arylor a
hetorcyelyl.
[0038] In one example, in the compounds of the formula (IV), B and R or B°
and R, together with the atoms to which they are attached, can form a heterocylyl

10 group such as:

{0037] This disclosure also relates to compounds of the formula (V)

X‘i
g A
R (M)
such as
N ZhW r,N N jz“— " N 2w
(R “}qm\/lg\‘*j}—{ X (R HS— X @Y m\/:ﬂ:\}—\ X
Lz N Z Py
/X1 /‘)(1 /)@(1
15 RS : RQ ‘ RQ
AN S AN EEW
®RO4 [0 X @ O X
N 2 N~ N ZY
Xt X
4 4
re , R ,
NN 2% N Z:W
~ ~ A
®Yg B0 X w4 X
TN 2Y {2y
X X!
4 /
R? RY

b
[
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or a pharmaceutically acceptable salt, pelymorph, prodrug, solvate or clathrate

wharein:
gisQ, 1,20 3;
Xis alkyl {e.g., {CH)-) or alkenyi;

the

raof,



WO 2022/035898

10

Z'is absent, N or C-R'°;

cachWisNorC-R% cach XisNorC-R'W each YisNorC-R"W andeach Zis N or
C-R'% wherein each R'Y is independently H, halo, akyl, haloalkyt {s.g., CFs), alkoxy
{e.g., -ORY wherein R is alkyl, cycloakyl or aryl, heleroaryl, acyl, amide or
carbamate) or heterocyclyl (&.g., heteroaryl); and

two R groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycloalkenyl, aryl or heterocyelyl {e.q., hetercaryl); or

R® and an R'Y together with the aloms o which they are attached, can form a
heterocyivl group.

[0038] In one example, in the compounds of the formula V), R® and R,
together with the atoms to which they are attached, can form a hsterooyly! group such

as:
anIN\ = (R,
i
1
Ner® and X\J
0039} An example of a compound of the formula {V} includes:
e : N s //
- I N\>“ Y/ O
\
G
\

or a pharmaceutically acceptable salt, pelymorph, prodrug, soivate or clathrate thersof,

10040} Examples of compounds of the formulas (V) include:
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00423 This disclosure alsg contemplates pharmaceutical compositions
comprising one or more compounds and one or more pharmacsutically acceptable
excipigits. A ‘pharmaceutical composition” refers fg a chemical or biological
composition suitable for administration to a subject(s.g., mammal). Such compositions
can be spacifically formulataed for administration via one or more of a number of routes,
including but not limited i buccal, cutaneous, epicutanecus, epidural, infusion,
inhalation, intraarterial, intracardial, infracersbroventricular, intradermal,
inframuscular,  intranasal, intraccular, intraperitoneal, intraspinal, intrathecal,
infravenous, oral, parentsral, puimonary, rectally via an enema or suppository,
subcutaneous, subdermal, sublingual, transdsrmal, and transmucosal. In addition,
administration can by means of capsule, drops, foams, gel, gum, injection, liguid,
patch, pill, porous pouch, powdar, tablet, or other suitable means of administration.
00431 A “pharmaceutical excipient” or a “pharmaceutically acceptable
excipient” is a carrier, sometimes a liquid, in which an active therapeutic agent is
formulated. The excipient generally does not provide any pharmacological activity to
the formulation, though it can provide chemical and/or biological stability, and releass
characteristics. Examples of suitable formulations can be found, for example, in
Remington, The Science And Practice of Pharmacy, 20th Edition, (Gennaro, A, R,
Chist Editor), Philadeiphia Coliege of Pharmacy and Science, 2000, which is
incorporated by referencs in its entirety.

[0044] As ussed hergin “pharmacsutically accepiable carrisr” or “excipisnt”
includes, but is not limited 1o, any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotenic and absorption delaying agents that are
physiclogically compatible. in one embodiment, the carrier is suilable for parenteral

administration. Altermnatively, the carriar can be suitable for infravenous, intraperitoneal,
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intramuscular, sublingual, or oral administration. Pharmaceutically acceptable carriers
include sterile agueous solutions or dispersions and sterile powders for ths
gxiamporansous preparation of sterile injectable solutions or digpersion. The use of
such media and agents for pharmacsutically active substances is well known in the
art. Excapt insofar as any conventional media or agent is incompatible with the active
compound, use therecf in the pharmaceutical compositions of the invention is
contemplated. Supplemeniary active compounds can also be incorporated into the
compositions.

{0045} FPharmaceutical compositions can be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposeme, or other ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion medium containing, for
example, water, sthanol, polyol {e.g., glycerol, propvlene glycol, and liguid
polyethyleng glycol), and suifable mixtures therest The proper fluidity can be
maintained, for example, by the use of a coatling such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants.
[0046] In many cases, i will be preferable 1o include isolonic agents, for
example, sugars, polyaicohols such as mannitel, sorbilol, or sodium chiorids in the
composition. Prolonged absorption of injectable compositions can be brought about by
including in the compesition an agent which delays absorplion, for example,
monostearate salls and gelatin. Moregver, the compounds described hergin can be
formulated in a time release formulation, for exampie in a composition that includes a
slow release polymer. The active compounds can be prepared with carriers that will
protect the compound against rapid release, such as a conirolled release formulation,
including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polvanhydrides,
polyglyeolic acid, collagen, polvorthoesters, polyiactic acid and polyiactic, polyglyeolic
copolymers (PLG). Many msthods for the preparation of such formulations are known
to those skilled in the art.

{0047y Oral forms of administration are also contemplated hsrein. Ths
pharmaceutical compositions of the presant invention can be orally administered as a
capsule (hard or soft), tablet {(film coated, enteric coated or uncoated), powder or
granules {coated or uncoated) or quid (solution or suspension). The formulations can
be conveniently prepared by any of the methods wellbknown in the art. Ths
pharmaceutical compaositions of the present invention can include one or more suitable

production aids or excipients including fillers, bindars, disintegrants, lubricants,
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diluents, flow agenis, buffering agents, moistening agents, preservatives, colorants,
sweeteners, flavors, and pharmaceutically compatible carriers.

[0048] For each of the recited embodiments, the compounds can he
administered by a variely of dosage forms as known in the arl. Any biclogically-
acceptable dosage form known to persons of ordinary skill in the art, and combinations
thereof, are contemplated. Examples of such dosage forms include, without limitation,
chewable tablets, quick dissoive tablets, effervescent tablets, reconstifutabie powders,
elixirs, liguids, solutions, suspensions, emulsions, tablets, multi-layer tablets, bi-layer
tablets, capsules, soft gelatin capsules, hard gelatin capsules, caplets, lozenges,
chewabls lozenges, beads, powders, gum, granules, particles, microparticles,
dispersible granules, cachets, douches, suppositeries, creams, topicals, inhalanis,
aernsol inhalants, patches, particle inhalants, implants, depot implants, ingsstibles,
injectables {including subcutaneous, inframuscular, intravenous, and intradermal),
infusions, and combinations thersof.

00491 Other compounds which can be includsed by admixture are, for exampls,
medically inert ingredisnts {s.g., solid and liquid diluent), such as lacloss,
dextrosesaccharose, celiuiose, starch or calcium phosphate for tablets or capsules,
olive ol or ethyl oleate for soft capsules and water or vagetable ol for suspansions or
emulsions; lubricating agents such as silica, tale, stsaric acid, magnesium or calcium
stearate and/or polyethylene giveols; geliing agsents such as colicidal clays; thickening
agents such as gum tragacanth or sodium alginate, binding agenis such as starches,
arabic gums, gelatin, methylcellulose, carboxymethylcellulose or polyvinyipyrrolidons;
disintegrating agenis such as starch, alginic acid, alginates or sodium starch glycolate;
effervescing mixiures; dyestuff; sweeleners; wetlting agents such as lecithin,
polysorbates or laurylsulphates; and other therapeutically acceptable accessory
ingredients, such as humectanis, preservatives, buffers and antioxidants, which ars
known additives for such formulations.

[6050] Liguid dispersions for oral administration can be syrups, emulsions,
solutions, or suspensions. The syrups can coniain as a carrier, for example,
saccharose or saccharose with glycerol and/or mannitol and/or sorbitol, The
suspensions and the smulsions can cortain a carrier, for example a natural gum, agar,
sodium alginate, pectin, mathyicellulose, carboxymethyicellulose, or polyvinyt alcohol.
{00513 The amount of active compound in a therapeutic composition acecording
to various embodiments of the present invention can vary according to factors such as
the disesase state, age, gender, weight, patient history, risk factors, pradisposition to
disease, adminisiration route, pre-existing treatment regime {e.g., possible interactions
with other medications), and weight of the subject. Dosage regimens can be adjusted
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to provide the oplimum therapsutic response. For example, a single bolus can be
administered, several divided doses can be administered over time, or the dose can
be proportionally reduced or increasad as indicated by the exigencies of therapeutic
situation.

{00523 A “dosage unit form,” as used hergin, refers o physically discrete units
suited as unitary dosages for the mammalian subjects to be treated; sach unit
containing a predetermined quantity of active compound calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the invention are dictated by and directly
dependent on the unique characteristics of the active compound and the particular
therapeutic effect io be achisved, and the limitations inherent in the art of compounding
such an active compound for the treatment of sensitivity in subjects. In therapeutic use
for treatment of conditions in mammals {&.g., humans) for which the compounds of the
presant invention or an appropriate pharmaceutical compaosition thereof arg effective,
the compounds of the prasent invention can be administerad in an effsctive amount.
The dosages as suitable for this invention can be a compuosition, a pharmaceutical
composition or any other compositions described herein.

{0053] For sach of the reciied embodiments, the dosage is iypically
administered once, twice, or thrice a day, although more frequent dosing intervals are
possibie. The dosage can be administered evary day, avery 2 days, every 3 days,
every 4 days, every 5 days, every 6 days, and/or every 7 days (once a week), In one
embodiment, the dosage can be administered daily for up to and including 30 days,
preferably betwsen 7-10 days. In ancther embodiment, the dosage can be
administered twice a day for 10 days. If the patient requires treatment for a chronic
disease or condition, the dosage can be administered for as long as signs and/or
symptoms persist. The patient can require "maintenance treatment” whers the patient
is receiving dosages every day for months, years, or the remainder of their lives. In
addition, the composition of this invention can be fo sffect prophylaxis of racurring
symptoms. For example, the dosage can be administered once or twice a day to
pravent the onset of symploms in patients at risk, aspecially for asymptomatic patients.
{00543 The absolute weight of a given compound included in a unit dose for
administration 1o a subject can vary widsly. For example, about .0001 to about 1 g,
or about §.001 to about 0.5 g, of at least one compound of this disclosurg, or a plurality
of compounds can be administered. Altamatively, the unit dosage can vary from about
$.001 ¢ to about 2g, from about 0.005 g to about 0.5 g, from about 8.01 g to about 0.25
g, from about 0.02 g 1o about 0.2 g, from about 0.03 g to about 0.15 g, from about 0.04
g 1o about 0.12 g, or from about 0.05 g to about 0.1 ¢

]
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{00585} Daily dosas of the compounds can vary as well. Such daily doses can
rangs, for example, from about 0.01 g/day to about 10 g/day, from about 0.02 g/day to
about 3 g/day, from about 0.03 g/day o aboul 4 g/day, from about 0.04 g/iday 1o about
3 g/day, from about 0.05 g/day to about 2 g/day, and from about 0.05 g/day to about 1
g/day.

[0056] it will be appreciated that the amount of compound(s) for use in
treatment will vary not only with the particular carrier selected but also with the route
of administration, the nature of the condition being treated, and the age and condition
of the patient. Ultimately the altendant health care provider may determine proper
dosags.

{00571 The compositions describsd hersin can be administered in any of the
following routes: buccal, epicutanecus, epidural, infusion, inhalation, intraarterial,
intragardial, intracerebroventricuiar, intradermal, intramuscular, intranasal, intraccular,
intraperitonsal, intragpinal, intrathecal, intravenous, oral, parenteral, pulmonary,
rectally via an enema or suppository, subgculansous, subdermal, sublingual,
transdermal, and transmucosal. The preferred routes of administration are buccal and
oral. The administration can be local, where the composition is administered directly,
closs fo, in the locality, near, at, about, or in ths viginity of, the site{s) of dissase, e.g.,
inflammation, or systemic, whersin the compuosition is given io the patient and passes
through the body widely, thereby reaching the site{s) of disease. Local adminisiration
can be administration to, for exampls, tissue, organ, and/or organ system, which
encompasses and/or is affected by the disease, and/or where the disease signs and/or
symptoms are active or are lkely to occur. Administration can be topical with a local
effect, composition is applied directly where its action is desired. Administration can be
grieral whersin the desired effect is systemic {(non-local), composition is given via the
digestive tract. Administration can be parenteral, where the desired effect is systemic,
composition is given by other routss than the digestive tract.

[0058] The compositions can include the compounds described herein in a
“therapeutically effective amount.” Such a therapeutically effective amount s an
amount sufficient o oblain the desired physiological effect, such as a reduction of at
least one symptom of cancer or an inflammatory dissase or condition.

[0059] The compositions contemnplated herein can contain other ingredients
such as chemoctherapeutic agents, anti-inflammatory agents, anii-viral agents,
antibacterial  agents, antimicrobial agenis, immunomodulatory  drugs, such as
lenalidomide, pomalidomide or thalidomide, histone deacetylase inhibitors, such as

panohinosial, preservatives or combinations theraof.
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{0080} This disclosurs also includes methods for treating neurodegenearative
diseases, such as Parkinson's disease, Alzheimer's disease, Hunilington's dissass,
and ALS, comprising administering a therapeutically effective amount of at least one
of the compounds described harein {e.q., astemizole or compounds of the formulas
{0, dajk-(ic), (1, dlay-(idy, (HDH-(V), and (Va)} to a subject in need thereof. This
disclosure alsg includes methods for reducing, substantially eliminating or eliminating
dysreguiation of proteostasis comprising administering a therapeutically effective
amount of at least one of the compounds described herein (e.g., astemizole or
compeunds of the formuiae (), (a)-{c), (1-{V}, and (Va)}) i a subject in need thereof.
This disclosure also includes methods for reducing, substantially eliminating or
eliminating the accumulation of intrinsically disordered proteins {8.g., G-syn)
comprising administering a therapeutically effective amournt of at least one of the
compounds described herain {(e.g., astemizole or compounds of the formulae (1), (a)-
iy, (Ih-{V), and {Va)) to a subject in nead thereof.

o081 As used hergin, the terms “real” and “treating” are not limited o the
case where the subject (e.g. patient) is curaed and the disease is eradicaled. Rathar,
treatment that merely reduces sympioms, and/or delays disease progression is also
contemplated.

0082} The pharmaceutical compuositions disclosed hergin can have the ability
o effectively treat new patlent segments where profsasome inhibilion and reduced
toxicity is desired or warrantad.

[0063] The compounds and methods described herein can be used
prophylactically or therapeutically. The term “prophyiaciic” or “therapeutic” treatment
refers 1o administration of a drug 1o a host before or after onset of a disease or
condition. If it is administered prior to clinical manifestation of the unwanted condition
{e.g., disease or ather unwanied state of the host animal) then the treatment is
prophylactic, i.e., it protects the host against developing the unwanted condition,
whereas i administered aiter manifestation of the unwantsd condition, the treatment
iz therapeutic {ie., it is intended o diminish, ameliorate or maintain the existing
unwaniad condition or side effects therafrom). Administering the compounds describad
herein (including enantiomers and salits thersof) is contemplated in both a prophylactic
treatmant {e.g. to patients at risk for disgase, such as elderly patients who, because of
their advancing ags, are af risk for arthritis, cancer, and the like) and therapeutic
treatment (g.g. to patisnts with symptoms of disease or o patients diagnosed with
disease).

{00843 The tarm “therapeutically effective amount” as used herein, refers o

that amount of one or more compounds of the various examples of the present
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invantion that elicits a biclogical or medicinal response in a tissue system, animal or
human, that is being sought by a researcher, velerinarian, medical doctor or other
clinician, which includes alleviation of the symptoms of the disease or disorder beaing
treated. In some examples, the therapeutically effective amount is that which can treat
or alleviate the dissase or symploms of the disease at a reasonable benefit/risk ratio
applicable to any medical treatment. However, itis to be undersiood that the total daily
usage of the compounds and compositions described herein can be decided by the
attending physician within the scope of sound medical judgmeni. The specific
therapeutically-effective dose level for any particular patient will depend upon a variely
of factors, including the condition being itreated and the severity of the condition;
activity of the specific compound employed; the specific composition employed; the
age, body weight, general health, gender and dist of the palient: the ime of
adminisiration, rouie of administration, and rate of excretion of the gpecific compound
emploved; the duration of the treatment; drugs used in combination or coincidentally
with the specific compound smployed; and ke factors wsll known o the ressarchar,
veterinarian, medical doctor or other cdlinician. 1 is alsg apprecialed that the
therapeutically effective amount can be selected with reference to any toxicity, or ather
undesirable side effact, that might ocour during administration of one or more of the
compounds dascribed herain.

[0065] The term “alkyl” as used herein refers to substituted or unsubstituted
straight chain, branched and cyclic, saturated mono- or bi-valent groups having from
1 1o 20 carbon atoms, 10 o 20 carbon atomns, 12 to 18 carbon atoms, 8 o about 10
carbon atoms, 1 1to 10 carbons atoms, 1 1o 8 carbon atoms, 2 1o 8 carbon atoms, 3 to
8 carbon atoms, 4 to 8 carbon atoms, 5 1o 8 carbon atoms, 1 to 6 carbon atoms, 2 to
6 carbon atorns, 3 to € carbon atoms, or 1 1o 3 carbon atoms. Examples of straight
chain mono-vaient {C.-Cugi-akyl groups include those with from 1 to 8 carbon atoms
such as methyl {i.e., GHa), ethyi, n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octy!
groups. Examples of branched mono-valent {(C-Cogl-alkyl groups include isopropyl,
iso-butyl, sec-bubtyl, t-butyl, neopentyl, and isopsniyl. Examples of straight chain bi-
valent (Gi-Caolalkyl groups includs thoss with from 1 1o 6 carbon aloms such as -CHp-

. CHCHe-,
~CHoCHoCHo-, ~CHoCHOHCHe-, and -CH2CHCHCHCHs-. Examiples of branched
bi-valent alkyl groups include —~CH{CH3) CHe- and

~CHCH(CH)CH,-. Examples of cyclic alkyl groups include cyclopropyl, cyciobutyl,
cyclopently, cyclohexyl, cyclooctyl, bicycloft.1 1]pentyl, bicycleo[2.1.1]hexyl, and
bicvclo[2.2 tTheptyl. Cycloalkyl groups further include polycyclic cyclealkyl groups
such as, but not limited o, norbornyl, adamanty!, bomyl, campheny!, isocamphenyl,

3
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and carenyl groups, and fused rings such as, but not limited to, decalinyl, and the like.
In some embodiments, alkyl includes a combination of substituted and unsubstituted
alkyl. As an example, alkyl, and also {Coalkyl, includes methyl and substituted methyl.
As a particular example, (Chalkyl includes benzyl. As a further example, alkyl can
inciude methyi and substituted {C-Celalkyl. Alkyl can aiso include substituted methy!
and unsubstituted (C.-Cylalkyl. In some embodiments, alky! can be methyl and Co-Cq
linear akkyl. In some embodiments, alkyl can be methyl and C.-Cg branched alkyl. The
term methvl is understood to be -CHs, which is not substituted. The term methylene is
undersiood to be -CHy-, which is not substituted. For comparison, the term {Cralkyl is
undersiood © be a substituted or an unsubstituted -CHs or a substituted or an
unsubstituted -CHo-. Representative substituted alkyl groups can be substituted one
or more times with any of the groups listed hersin, for example, cycloalkyl, heterocyciyl,
aryl, aming, halcalkyl, hydroxy, cyano, carboxy, nitro, thio, alkoxy, and halogen groups.
As further example, reprasentative substituted altkyl groups can be substituted one or
more fluorn, chioro, bromo, iodo, aming, amido, alkyl, alkoxy, alkylamido, alkenyi,
alkynyl, atkoxycarbonvt, acyl, formvi, arvicarbonyl, arvicxycarbonyl, arvloxy, carboxy,
haloalkyl, hydroxy, cyano, nitroso, nitro, azido, trifluoromethyl, trifluoromethoxy, thio,
alkyithio, aryithiol, alkylsulfonvl, alkylsulfingt, dialkylaminesulfonyl, sulfonic acid,
carboxylic acid, dialkylaming and dialkylamido. In some embodimeants, representative
substituted alkyl groups can be substituted from a set of groups including aming,
hydroxy, cyano, carboxy, nitro, thio and alkoxy, but not including halogen groups. Thus,
in some embodiments alkyl can be substituied with a non-halogen group. For example,
representative substituted alkyl groups can be substituled with a fluoro group,
substituted with a bromo group, substituted with a halogen other than bromo, or
substituted with a halogen other than fluoro. In some embodiments, representative
substituted alkyl groups can be substituted with one, two, three or more Hluore groups
or they can be substituted with one, two, three or mere non-fiuoro groups. For exampie,
alky! can be riflugromethyl, diffucromethyl, or fluoremethyl, or alkyl can be subsiituted
alkyl other than trifluoromethyl, diffuoromethyl or fluoromethyi. Alkyl can be haloalky!
or alkyl can be substituted alkyl other than haloalkyl. The term "alkyl” also generally
rafers 1o alkyl groups that can comprise one or more hsiercaioms in the carbon chain.
Thus, for example, “alkyl” alao encompasses groups such as —~[{CH:)0OlH and the
liks.

[0066] The term “alkenyl” as used hergin refers 1o substituted or unsubstituted
straight chain, branched and cyclic, saturated mono- or bi-valent groups having at least
ong carbon-carbon double bond and from 2 1o 20 carbon atoms, 10 to 20 carbon

atoms, 12 to 18 carbon atoms, 6 10 about 10 carbon atoms, 2 10 10 carbons atoms, 2
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to 8 carbon atoms, 3 to 8 carbon atoms, 4 1o 8 carbon atoms, 5 to 8 carbon atoms, 2
to 6 carbon atomns, 3 to 6 carbon atoms, 4 1o 6 carbon atoms, 2 to 4 carbon atoms, or
2 to 3 carbon atoms. The double bonds can be be trans or ¢is origntation. The double
bonds can be terminal or intemal. The alkenyi group can be attached via the portion of
the alkeny! group coniaining the double bond, s.g., vinyl, propen-1-y! and buten-1-yl,
or the alkenyl group can be atiached via a porlion of the alkenyl group that does not
contain the double bond, e.¢., penten-4-yl. Examples of mono-valent (Co-Copi-alkenyl
groups include those with from 1 1o 8 carbon atoms such as vinyl, propenyl, propen-1i-
vi, propen-2-vi, butenyl, buten-1-yl, buten-Z-yl, sec-buten-i-yl, sec-buten-3-vi,
pentanyt, hexanyl, heptenyt and octenyl groups. Examples of branched mono-valent
{Go-Cop)-atkenyl groups inciude isopropenyi, isc-butenyl, sec-butenyl, tbutenyi,
necpentenyl, and isopenienyl. Examples of straight chain bi-valent {(Co-Coslaikenyl
groups include those with from 2 to 6 carbon atoms such as -CHCH-, -CHOHCH,-, -
CHOHCHCHg-, and -CHCHCHCHCHe-. Examples of branched bi-valent alkyl
Qroups includs ~G{CH3)YCH- and
~CHC(CH)CH:-.  Examples of cyclic alkenyl groups include  cyclopentenyl,
cyclohexenyl and cyclooctenyl. |t is envisaged that alkenyl can also include masked
alkenyt groups, precursars of alkenyt groups or other related groups. As such, where
alkenyt grouns are describad i, compounds are also envisaged where a carbon-
carbon double bond of an alkenyl i3 replaced by an epoxide or azivdine ring.
Substituted alkenyl also includes alkeny! groups which are substantially tautomeric
with a non-alkenyl group. For example, substituted alkenyl can be 2-aminoalkenyl, 2-
alkylaminoalkenyl,  2-hydroxyalkenyl, 2-hydroxyvinyl,  2-hydroxypropenyl,  bud
substituted alkenyl is also understood to include the group of substituted alkenyl
groups other than alkeny! which are tautomeric with non-alkeny! containing groups. In
soms embodiments, alkenyl can be understood to include a combination of substituted
and unsubstituted alkenyl. For example, alkenyl can be viny! and substituted vinyl. For
gxample, alkeny! can be viny! and substituted {Ca-Celalkenyl Alkenyl can alsg include
substituted viny! and unsubstituted (C:-Calalkenyl. Representative substituled alkenyl
groups can be substituted one or mors times with any of the groups listed herein, for
axample, monocalkylamine, diatkylamino, cvano, acetyt, amido, carboxy, nitrs, alkyithio,
alkoxy, and halogen groups. As further example, representative substituted alkenyl
groups can be substituted one or more fluore, chilore, bromg, icdo, amino, amido, alkyl,
alkoxy, alkylamido, alkenyl, alkynyl, alkoxycarbonyl, acyl, formyl, arvicarbonyl,
arvioxycarbonyl, aryloxy, carboxy, haloalkyl, hydrosty, cyano, nitroso, nilro, azidoe,
trifiuoromethyl, trifluoromethoxy, thio, alkylthio, arylihiol, alkylsulfonyl, alkylsulfiny,
dialkkylaminosulfonyl, sulfonic acid, carboxylic acid, diatkylamine and dialkylamido. In
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some embodiments, represerntative substituled alkenyl groups can be substituied from
a set of groups including monoalkylaming, dialkylaming, cyano, acetyl, amido, carboxy,
nitre, alkyithio and alkoxy, but not including halogen groups. Thus, in some
ambodiments alkenyl can be substituted with a non-halogen group. In some
ambodiments, representative substituted alkenyl groups can bhe substituted with a
fluore group, substituted with a bromo group, substituted with a halogen other than
bromo, or substituted with a halogen other than flucro. For example, alkenyl can be 1-
fluorovinyl,  2-fluorovinyl, 1,2-diffucrovinyl, 1,2, 2-trifluorovinyl,  2,2-diffuorovinyl,
triflucropropen-2-yl, 3,3, 3-triflucropropenyl,  1-fluoropropenyl, 1-chlorovinyl, 2-
chlorovinyl, 1.2-dichlorovinyl, 1.2 2-trichioroviny! or 2,2-dichiorovinyl.  In some
embodiments, represeniative substituted alkenyl groups can be substituted with ons,
two, three or more fluore groups or they can be substituted with one, two, three or more
non-fluoro groups.

00871 The term “alkynyl” as used harein, refers to substituted or unsubstituted
straight and branched chain alkyl groups, except that at least one triple bond exists
between two carbon atoms. Thus, alkynyl groups have from 2 to 50 carbon atoms, 2
to 20 carbon atoms, 10 fo 20 carbon atoms, 12 to 18 carbon atoms, 6 to about 10
carbon atems, 2 1o 10 carbons atoms, 2 1o 8 carbon aloms, 3 10 8 carbon atoms, 4 {o
& carbon atoms, 5 to 8 carbon atoms, 2 1o 6 carbon atoms, 3 to 8 carbon atoms, 4 1o
& carbon atoms, 2 {0 4 carbon atoms, or 2 o 3 carbon atoms. Examples include, but
are not imited to ethynyl, propyrvl, propyn-1-yi, propyn-2-yi, bubynyt, butyrn-1-yl, butyn-
2-yl, butyn-3-yl, butyn-4-yi, pentynyl, pentyn-1-yl, hexynyl, Examples inciude, but are
not limited 1o -C=CH, -C=C{CH;), -C=C{CHCHs), -CHC=CH, -CHC=C{CHa),
and -CHyC=C{CH:CHg) among others.

[o068] The tarm "aryl” as used hergin refers o substituted or unsubstituted
univalent groups that ars derived by removing a hydrogen atom from an arene, which
is a cyclic aromatic hydrocarbon, having from 8 10 20 carbon atoms, 10 o 20 carbon
atoms, 12 to 20 carbon atoms, 8 fo about 10 carbon aloms or 8 1o 8 carbon atoms.
Examples of {Ce-Cularyl groups include phenyl, napthalenyl, azulenyl, biphanyiyl,
indacenyl, fluorenyl, phenanthrenyl, triphenylenvi, pyrenyl, naphthacenyl, chrysenyl,
anthracenyl groups. Examples include substituted phenyl, substituted napthalenyl,
substituted  azulenyl, substituted biphenylyl, substituted indacenyl, substituted
fluorenyl, substituted phenanthrenyl, substituled triphenvienyl, substituted pyrenyl,
substituted naphthacenyl, substituted chrysenyl, and substituted anthraceny! groups.
Examples also include unsubstituted phenyl, unsubstituted napthalenyl, unsubstituted

azulenyt, unsubstituted biphenylyl, unsubstitiied indacenyl, unsubstituted flucrenyi,
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unsubstituted phenanthranyl, unsubstituted  triphenvienyl, unsubstiiuted pyrenyl,
unsubstituted naphthacenyl, unsubstituted chrysenyl, and unsubstituted anthraceny!
groups. Aryl includss phenyl groups and ailse non-phanyl aryl groups. From thess
axamples, i is claar that the term {Ce-Caslary! encompasses mono- and polyeyelic {(Cs
Coglary! groups, including fused and non-fused polyoyclic (Ce-Caglary! groups.

{0069} The term “heterocyclyl” as used herein refers {o substituted aromatic,
unsubstituted aromatic, substituied non-aromatic, and unsubstituted non-aromatic
rings containing 3 or more atoms in the ring, of which, one or more s a heteroatom
such as, but notiimited 1o, N, G, and 3. Thus, a heterccvclyl can be a cyclohetercalkyl,
or a hetercaryl, or if polycyclic, any combination thereof. In some embodiments,
hetsrocyelyl groups include 3 to about 20 ring membsrs, whersas other such groups
have 3 o about 15 ring members. In some embodiments, heterocyclyl groups include
hetsrocyalyl groups that include 3 to 8 carbon atoms {Gs-Cs), 3 1o 8 carbon atoms {Cs-
Ce} or € 10 8 carbon atoms {Cs-Ca). A hsterooyclyl group designated as a Co-
hetsrocyclyl can be a 5-membered ring with two carbon aloms and three helsroatoms,
a B-membared ring with two carbon atoms and four hetercatoms and so forth, Likewise
a Cs-heterocyelyl can be a 5-membered ring with one heleroatom, a 8-membered ring
with two hetercatoms, and so forth. The number of carbon atoms plus the number of
hetsroatoms squals the total number of ring atoms. A heterocyalyl ring can also include
one or more double bonds. A heternary! ring is an embodiment of a heterocyelyl group.
The phrase “heterocyclyl group” inciudes fused ring species including those that
include fused aromatic and non-aromatic groups. Representative heterocyclyl groups
include, but are not limited to piperidynyl, piperaziny!, morpholinyd, furany!, pyrrolidinyl,
pyridinyl, pyrazinyl, pyrimidinyd, triazinyl, thicphenyl, tetrahydrofuranyl, pyrrolyl,
oxazolyl, imidazolyl, triazyoiyl, tetrazolyl, benzoxazolinyl, and benzimidazolinyl groups.
For examnple, heterocyclyl groups include, without imitation:

§ ; ¢ : o
I e s H
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Copialkyl, (Ce-Cogiaryl or an amine protecting group {e.g., a t-butvioxycarbony! group)

, whereiﬂ X* represents H, (Or-

and whersin the heterooyelyl group can be substituted or unsubstituted. A nitrogen-
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containing heterocycly! group is a heterocyclyl group containing a nitrogen atom as an
atom in the ring. In some embodiments, the heterocyciyl is other than thiophene or
substituted thiophene. iIn some embodimants, the heterocyelyl s other than furan or
substituted furan.

{00703 The termy "alkkoxy” as used herain refers to an oxygen atom connectad
to an alky! group, including a cycloalkyl group, as are defined herein. Examples of
linear alkoxy groups include but are not limited to methoxy, ethoxy, propoxy, butoxy,
pentyloxy, hexyloxy, and the like. Exampies of branched alkoxy include but are not
limited to isopropoxy, sec-butaxy, tert-butoxy, isopentyioxy, ischexyioxy, and the lika.
Examples of cyclic alkoxy include but ars not imited 1o cyclopropyloxy, cyclobutyloxy,
cyclopentyloxy, cyclohexyloxy, and the like. An alkoxy group can includs one o about
12-20 or about 12-40 carbon atoms bonded 1o the oxygen atom, and can further
inciude double or triple bonds, and can also include heteroatoms. Thus, alkyoxy also
inciudes an oxygen atom connected to an atkyenyi group and oxygsn atom connected
o an alkynyl group. For exampls, an aliylowy group iz an alkoxy group within the
meaning hergin. A msthoxyethoxy group is alse an akoxy group within the meaning
herein, as is a methylenedioxy group in a context where two adjacent atoms of a
structure are substituted therewith.

00713 The term "arvioxy” as used herein refers 1o an oxygen atom connected
o an aryl group as are defined herein.

00723 The term “aralkyl” and “arylalkyl” as used herein refers to alkyl groups
as defined herein in which a hydrogen or carbon bond of an alkyl group is replaced
with a bond to an aryl group as defined herein. Representative aralkyl groups include
benzyl, biphenylimethyl and phenyiethy! groups and fused (cycloalkylaryilalkyl groups
such as 4-ethyl-indanyl. Aralkenyl groups are alkenyl groups as defined hersin in which
a hydrogen or carbon bond of an alky! group is replaced with a bond 1o an aryl group
as defined herein.

[0073] The terms “halo,” “halogen,” or “halide” group, as used hersin, by
themselves or as part of another substituent, mean, unless otherwise stated, a fluoring,
chloring, bromine, gr icdine alom,

{0074} The term “aming” and "aming” as ussd herain refers 10 a substituent ¢
the form -NH;, -NHR, -NR., -NRs", wherein each R is independently selected, and
profonated forms of sach, except for -NRs*, which cannot be protonated. Accordingly,
any compound substitutad with an amino group can be viswed as an amine. An “aming
group” within the meaning herein can be a primary, secondary, tertiary, or quatemary
amine group. An “alkylaming” group includes a monoalkylaming, dialkylamino, and

trialkylamino group.
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{0075] The term “acyl” as used herain refers {o a group containing a carbonyl
moiety wherein the group is bonded via the carbony! carbon atom. The carbonyl carbon
atom is also bonded o another carbon alom, which can be part of a substifuted or
unsubstituted alkyl, alkenyl, alkynyl, aryl, cycloalkyl, helerocyclyl, group or the like.
{0078] The ferm “ormyl” as used herain refers o a group containing a carbonyl
moiety wherein the group is bonded via the carbony! carbon atom. The carbonyl carbon
atom is also bonded to a hydrogen atom.

[0077] The term “alkoxycarbony!” as used herein refers fo a group containing
a carbonyl moiely wherein the group is bonded via the carbonyl carbon atom. The
carbony! carbon atom is also bondad to an oxygen atom which is further bonded 1o an
alkyi group. Alkoxycarbonyt alse includes the group where a carbony! carbon atom is
also bonded v an oxygen atom which is further bonded to an alkyenyl group.
Alkoxycarbonyl also includes the group where a carbonyt carbon atom is also bonded
to an oxygen atom which is further bondad to an alkynyl group. In a further case, which
is included in the definition of alkoxycarbony! as the ferm is defined herein, and is also
inciuded in the term “aryloxycarbonyl)” the carbonyl carbon atom is bonded o an
oxygen atormn which is bonded to an ary! group instead of an akyl group.

{0078} The term “arylcarbonyl” as used herein refers to a group containing a
carbonyl moiety wherein the group is bonded via the carbony! carbon atom. The
carbonvt carbon atom is also bonded to an aryl group.

[0079] The term “alkylamido” as used herein refers 1o a group containing a
carbonyl moiety wherein the group is bonded via the carbony! carbon atom. The
carbony! carbon atom is also bonded to a nitrogen group which is bonded to one or
more atkyl groups. In a further case, which is also an alkylamido as the term is defined
herein, the carbonyi carbon atom is bonded to a nitrogen atom which is bonded to one
or more aryl group instead of, or in addition e, the one or more alky! group. in a further
case, which is also an alkylamido as the term is defined herain, the carbonyi carbon
atom is bonded to an nitrogen atom which is bonded fo one or merg alkeny! group
instead of, or in addition {g, the one or more alkyl and ov/aryt group. In a further case,
which is also an alkylamido as the term is defined herein, the carbonyl carben alom s
bonded to a nitrogen atorm which is bonded o one or maore alkynyl group instsad of, or
in addition tg, the one or more alkyl, alkenyl and/or ary! group.

{0080} The term “carboxy” as used herein refers o a group coniaining a
carbonyl moisty wherein the group s bonded via the carbony! carbon atom. The
carbonyl carbon atom is also bonded to a hydroxy group oF oxygen anion 30 as to

rasull in a carboxylic acid or carboxyviats. Carboxy aiso includes both the protonated
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form of the carboxylic acid and the salt form. For example, carboxy can be understood
as COOH or CO:H.

{0081} The term “amide” as used harein refers 1o a group having the formula
C{OINRR, wherein B is defined herein and can each indapendently be, a.g., hydrogen,
alkyl, aryl or each R, togethar with the nitrogen atom to which they are atiached, form
a heterocyclyl group.

{0082} The term “alkyithio” as used herein refers to a sulfur atom connected to
an alkyl, alkenyl or alkynyl group as defined herein.

{0083} The term “arylthio” as used herein refers to a suifur atom connecied o
an aryl group as definad harein.

{0084} The term “alkylsulfonyl” as used hersin refers 1o a8 sulfonyl group
connactad to an alkyl, alkenyl,or alkynyl group as defined herain.

fo08s] The tern “alkylsulfiny?” as used hergin rafers o a sulfinyl group
connectad to an alkkyl, alkeny!, or alkyny! group as defined herein,
o086} The term “dialkyiaminosuifonyl?” as used herein refars 1o a suifonyl

group connected o a nitrogen further connected to two alkyl grouns, as defined herein,
and which can opticnally be linked together 1o form a ring with the nitrogen. This term
also includes the groun whears the nitrogen is further connecied o one or two alkenyl
groups in place of the alkyl groups.

o087} The term “diakvlaming” as used herein refers 1o an aming group
connected 16 two alkyl groups, as defined herein, and which can optionally be linked
together to form a ring with the nitrogen. This term also inciudes the group where the
nitrogen is further connected o one or two alkenyl groups in place of the alkyl groups.
fooaa] The term “dialkyviamido™ as used herein refers to an amido group
connected 16 two alkyl groups, as defined herein, and which can optionally be linked
together to form a ring with the nitrogen. This term alsc inciudes the group whers the
nitrogen is further connecied o one or two alkenyl groups in place of the alkyl groups.
{0089} The term “substituted” as used hersin refers to a group that is
substituted with one or more groups including, but not limited {o, the following groups:
halogsn {e.g., F, G, Br,and ), R, OR, ROH {(a.g., CHOH), OC{OIN{R),, CN, NO, NG,
ONO2, azido, CFs, OCFs, mathylenedioxy, ethvienedioxy, {Ca-Casthetercaryl, N{R}z,
Si{R}s, SR, SOR, SOG:R, SCN(R),, SGsR, P{O)}OR), OPOHOR) CGOR,
C{OICIOR, C{O)CHC{OR, C(SIR, C(OIOR, OC(OR, COIN(R), C{OINR)OH,
OCIOIN{R)z, C{SIN(R)z, (CHaoNRICIOIR, (CH2)oN{RIN{R)2, N{RN(RIC(OR,
NRIN(RICIOIOR, NEWNRICON(R),, NEISOR, NRSO:N(RL, NRCOOR,
N{RIC{O)R, NR)CSIR, NRICOINR), N{RICSN(R),, N(CORJCOR, N{OR)R,
C{=NHIN{R), CIOINORIR, or C{=NOR)R wherein R can be hydrogen, (Ci-Caplalkyl,
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{Cs-Coglaryl, hetsrocyelyl or polyalkylene oxide groups, such as polyalkylens oxide
Groups of the formula
H{CHCHO0-R-OR,  -{CHCHCH:0)-B-OR,  «{CHaCHOR(CHRCHCHLO),-R-OR
gach of which can, in turn, be substituted or unsubstituted and wherein f and ¢ are
gach independantly an integer from 1 10 80 {eg., 11010, 1105, 11 3 or 2 10 B).
Substituted also includes a group that is substituted with one or more groups including,
but not limited 1o, the following groups: fluoro, chloro, brome, iodo, amino, amido, alkyl,
hydroxy, alkoxy, alkylamido, alkenyl, alkynyi, alkoxvcarbonyl, acyl, formyil,
arylcarbonyi, aryloxycarbonyl, aryloxy, carboxy, halcalkyl, hydroxy, cyano, nitroso,
nitrg, azido, tritlucromethyl, rifluoromsthoxy, thio, alkylihio, arylthiol, alkyisulfonyl,
alkyisulfinyl, dialkylaminosuifonyl, sulfonic acid, carboxylic acid, diakylamine and
dialkylamido. Where therg ars two or more adjacent substitugnts, the substituents can
be linkad to form a carbocyalic or heteroseovelic ring. Such adjacent groups can have a
vicinal or germinal relationship, or they can be adiacent on a ring in, e.g., an ortho-
arrangement. Each instance of substitutad is undersiood o be independent. For
example, a substituted aryl can be substituted with bromo and a substiluted
heterocycle on the same compound can be substituted with alkyl. tis envisaged that
a substituted group can be substitited with one or more non-fluoro groups. As another
example, a substituted group can be substituted with one or more NonN-cyano groups.
As another example, a substituted group can be substituted with one or more groups
other than haloalkyl, As yet ancther example, a substituted group can be substituted
with one or more groups other than eri-bulyl. As yet a further example, a substituted
group can be substituted with one or more groups other than triflucromethyl. As yet
even further exampies, a subsiituied group can be substituted with one or more groups
other than nitro, other than methyl, other than methoxymethyl, other than
dialkylaminosulfonyl, other than bromo, other than chicro, other than amido, other than
halo, other than benzodioxepiny!, other than polycyclic heterooyclyl, other than
polyeyolic substituted aryl, other than msthoxycarbonyl, other than alkexycarbonyl,
other than thiophenyl, or other than nitrophenyl, or groups meeling a combination of
such descriptions. Further, substituted is also understood to include flugro, cyano,
haloalkyl, tert-butyl, iriflucromethyi, nitro, methyl, methoxymaethyl,
diatkkylaminosulfonyl, bromo, chiore, amido, halo, benzodioxepinyl, polycyclic
heterooyclyl, polyeyelic substitutad arvl, methoxycarbonyl, alkoxycarbonyl, thiophenyl,
and nitropheny! groups.

{0080} In some instances, the compounds described herein {&.g., compounds

of the formulae (8}, (a)-(lo), (), (a)-(id), (iD-(V), and {Va)) can contain chiral centars.

PCT/US2021/045440



WO 2022/035898

10

15

25

30

35

All diastereomers of the compounds described herein are coniempiated herein, as well
as racemaies.

fooeyl As used herain, the term "salis” and “pharmaceutically acceptable salts”
rafer o derivatives of the disclosed compounds whergin the parent compound is
modified by making acid or base salls thersol. Examples of pharmaceutically
acceptable salts include, but are not limited 1o, mineral or organic acid salts of basic
groups such as amines; and alkali or organic salls of acidic groups such as carboxylic
acids. Pharmaceutically accepiable salls include the conventional non-ioxic salts or
the guaternary ammonium salts of the parent compound formed, for example, from
non-toxic inorganic or organic acids. For example, such conventional non-toxic salts
include those derived from inorganic acids such as hydrochloric, hydrobromic, sulfuric,
sulfamic, phosphoric, and nitric; and the salts prepared from organic acids such as
acetic, propionic, succinic, glycolic, stearie, lactic, malic, tartaric, citric, ascorbic,
pamuaic, maleic, hydroxymalgic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-
acetoxybenzoic, fumaric, toluanesulfonic, methanesulfonic, ethane disulfonic, oxalic,
and isethionic, and the like.

[0092} Pharmaceutically acceptable salts can be synthesized from the parent
compound which containg a basic or acidic moisty by convsntional chemical methods.
In some instances, such salts can be prepared by rsacting the free acid or bass forms
of these compounds with a stoichiometric {(or larger) amount of the appropriate hase
or acid in water or in an organic sclvent, or in a mixlure of the two; generally,
nonagueocus media like ether, ethyl acetate, sthanol, isopropano!, or acetonitriie are
preferred. Lists of suilable salls are found in Beminglon's Pharmaceutical Sciences,
17th ed., Mack Publishing Company, Easton, Pa., 1985, the disclosure of which is
hereby incorporated by reference.

[0093] The term “solvate” means a compound, or a salt thersof, that further
inciudes a stoichiometric or non-stoichiometric amount of soivent bound by non-
covalent intermiclecular forces. Whers ths solvent is water, the sclvate is a hydratls.
{0084} The term “prodrug” means a derivative of a compound that can
hydrolyze, oxidize, or otherwise react under biclogical conditions (in vitro or in vivo} fo
provide an active compound, particularly a compound of the invention. Examples of
prodrugs includs, but are not limited to, derivatives and metabolites of a compound of
the invention that include biohydrolyzable moisties such as bichydrolyzable amides,
biohydrolyzable esters, bhivhvdrolyzable carbamates, biohydrolyzable carbonates,
biohydrolyzable ureides, and bichydrolyzabis phosphate analogues. Specific prodrugs
of compounds with carboxyl functional groups are the lower alkyl asters of the
carboxylic acid. The carboxylate esters are conveniently formed by esterifying any of
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the carboxylic acid muoieties present on the moleculs. Prodrugs can typically be
prepared using well-known methods, such as those described by Burger's Medicinal
Chemistry and Drug Discovery 8th ed. {(Donald J. Abraham ed., 2001, Wiley) and
Design and Application of Prodrugs (M. Bundgaard sd., 1885, Harwood Academic
Publishers GmbH).

[0095] As used herein, the term “subject” or “patient” refers to any organism o
which a composition described herein can be administered, e.g., for experimenial,
diagriostic, prophylactic and/or therapeutic purposes. Subject refers to a mammal
receiving the compositions disclosed herein or subject ¢ disciosed methods. it is
undersiood and hersin contemplated that “mammal” includes but is not limited {o
humans, non-human primates, cows, horsss, dogs, cats, mics, rats, rabbits, and
guines pigs.

{0098] Each embodiment described above is envisaged {o be applicable in
each combination with other embodimenis described herein. For axample,
embodiments corresponding to formula ) are equally envisaged as being applicable
o formulae {{a)-(f). Likewise, embodiments corresponding to formula (1) are equally
envisaged as being applicable to compounds of the formulas (1), {a)-(ic), (Ha)-(lid),
(HN-{V), and (Va) and so forth.

00871 Values expressad in a range format should be interprated in a flexible
manner o includs not only the numerical values explicitly recited as the limits of the
range, but also fo inciude all the individual numerical values or sub-ranges
encompassed within that range as if each numerical value and sub-range were
explicitly recited. For example, a range of “about 0.1% to about 5% or "about 0.1% to
5% should be interpreted o include not just about 0.1% 1o about 5%, but also the
individual valuss {8.g., 1%, 2%, 3%, and 4%} and the sub-ranges {(a.g., 0.1% 15 0.5%,
1.1% 10 2.2%, 3.3% {0 4.4%:; within the indicated range. The statement "about X0 Y
hias the same meaning as “about X to about Y,” unless indicated otherwise. Likewise,
the statement “about X, Y, or about 27 has the same meaning as “about X, about Y, or
about Z)” unless indicaled cotherwise.

[ooes] in this document, the terms "a,” “an,” or “the” are used o include one or
maorg than one uniess the context clearly dictates otherwise. The term “or” is used fo
rafer 1o a nonexclusive “or” unless otherwise indicaled. In addition, it is to bs
understood that the phrassology or terminology employed herein, and not otherwise
defined, is for the purpose of description only and not of limitation. Any use of section
headings is intended to aid reading of the document and is not o be interprated as
limiting; information that is relevant to a section heading may occur within or outside of
that particular section. Furthermore, all publications, patenis, and patent documenis
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raferred to in this document are incorporated by refersnce herein in their sniirety, as
though individually incorporated by reference. In the event of inconsisient usages
betwaean this document and those documenis 5o incorporated by reference, the usage
in the incorporated reference should be considered supplementary 1o that of this
document; for irreconcilable inconsistencies, the usage in this document controls.
{00991 The term “about” as used herein can allow for a degree of variability in
a value or range, for example, within 10%, within 5%, or within 1% of a stated value or
of a stated limit of a range.
f00100] The term “substantiaily” as used herein refers 10 a majority of, or mostly,
as in at least about 80%, 60%, 70%, 80%, 90%, 85%, 96%, 97%, 88%. 99%, 99.5%,
898.9%, 89.98%, or at lsast about 88.8949% or more.
[00101] The terms and expressions that have been employed ars used as terms
of description and not of imitation, and there is no intention in the use of such terms
and exprassions of excluding any equivalents of the features shown and described or
portions thereof, but it is recognized that various modifications are possible within the
scope of the embodiments of the present disclosura. Thus, it should be understood
that although the present disclosure has been specifically disclosed by specific
embodiments and optional features, modification and variation of the concepts herein
disclosed can be resoried o by those of ordinary skill in the art, and that such
modifications and variations are considared (o be within the scope of embodiments of
the present disclosure
[00102] The invention is now described with reference to the following
Examples. The foliowing working examples therefore, are provided for the purpose of
ilustration only and specifically point out certain embodiments of the present invention,
and are not 1o be construed as limiting in any way the remainder of the disclosure.
Thereforg, the examples shouid be construed o encompass any and all variations
which become svident as a result of the teaching provided herein.

EXAMPLES
[60103] The prasent disciosure can be better undarstood by reference 1o the
following exampiles which are offered by way of illustration. The disclosure is not limited
to the exampies given hergin.
introduction
{00104 The human proteasome is part of the callular machinery that regulales
profgin degradation. Most proteins are degraded by the 268 proteasome via a
ubiguitin-dependent  mechanism, howsver intringically  disordered  proising
{unstructured) proteins can also be degraded the 205 isoform of the proteasome via a
ubigquitin-independent mechanism. Intrinsically disordered proteins (IDPs) are named
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for their lack of tertiary structure aliowing them 1o adopt numercus conformations and
interact with muitiple binding pariners. When the synthesis of IDPs outpaces their rate
of degradation, they accumulate and induce foxic signaling avents that drive many
human diseases.

[00105] Arguably the most infamous IDP asgsociated with cancer initiation,
progression and relapse is the pro-oncogenic franscription factor, ¢-MYC. Over-
expression of ¢-MYC is the driving force in an astonishing 80-70% of all human cancers
including mulliple myeloma, histiocytic sarcoma, myeloid leukemia, glioblastoma,
melanoma, breast cancer, colon cancer, cervical cancer, small-cell iung carcinoma,
and ostecsarcoma. Small molecule 208 proteasome activators can reduce ¢-MYC
protein levels and therefore prevent the initiation progression and rslapse in ¢-MYC
driven cancers.

{631 08] The disclosure relates o small molscule 208 proteasome activators of
the formulae (D), ({a)-(cy, (IH-{V), and (Va) as therapeutic agents to treat amyloidogenic
diseases including nsurodegensrative  diseases and  type 1 diabsles.
Neurodegenerative diseases include: Alzheimer’s disease (AD) and other demeniias,
Parkinson’s dissase (PD) and PD-related disorders, Prion diseass, Motor nsuron
diseases (MND}, Huntington’s dissase (HD), Spinocarebeliar ataxia (S8CA) and Spinal
muscular atrophy {SMA). Overwhelming svidencs points towards the accumulation
and subssquent oligomerization of intrinsically disordered proteins (IDPs) such as
amyloid-b, a-synuclein, polyQ, and dipeptide repeat (DPR) units as the driving causes
of these diseases. Thess soluble oligomeric forms are also responsible for impairing
proteasome  function, which further drives disease progression. Hobust data
demonstrates that enhancing proteasome aclivity prevenis the accumulation of [DPs,
reduce brain damage, prevent dementia and may be a new therapeutic strategy fo
treat neurcdegenerative diseases.

identification

[00107] The antihistamine drug astemizole (FIG. 1A, 1) as a promising new
scaffold for the development of 208 activators due o its strong enhancement of 205
profeclysis. To assass astemizole’s 208 proteasome activity, a series of assays werg
pariormead using each of three fluorogenic peplide subsirates. Thase subsirates were
a chymotryptic-like (CT-L), a trypsin-like (T-L) and a caspase-like {Casp-L) substrate,
ong for each of the catalviic sites of the proteasome. I has been shown that the
profgasoms’s active sites allosterically regulate gach other in the prasence of their
individual substrates. Therefore, a combination of the three probes 1o represent the
overall activity of a 208 activator more accurately in a system in which all catalylic sites
are interacting. Astemizole activates all three cafalytic sites of the 208 proteasome
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{FIG. 18) and achieved a doubling of activity {(hereafier referred {0 as ACzxq) using the
combination of probes at 3.3 uM (i.e. ACzc0 3.3 uM), with a maximum foid enhancement
of nearly 7-fold (i.e. 700%).

Design of analogues

[60108] Astemizole is a potent antihistaming as an H1i recepior antagonist. As
such, it has good drug-iike properties and penetraies the blood brain barrier (BBE)
effectively, which makes it a promising scafiold for the development of novel 208
activators. On the other hand, due to its activity and side-effects (QTc interval
profongation and related arrhythmias due to hERG channel blockade) it cannot be
repurposed therapeutically without modification. Therefore, structural modifications
known to reduce its H1- receptor activity and possible side effects were prepared. N-
acyiated astemizole {2}, was designed to eliminate fluspirilensg’s Hi receptor activity.
in this scafiold, the basicity of the piperiding’s amine has been raduced through its
conversion to an amide. Molecular docking studies were parformead using Autodock
Vina. Astemizole and iis analogues found to preferentially bind to the at-2 intersubunit
pockel (FIG. 2A and FIG. 2B). This mode of binding is different from our previgusly
reported 208 proteasome activators which, when docked, preferentially bind 1o the a1-
2 intersubunit pocket of the 208 proteasome.

Synthasis
f00109] N-acyl astemizole (2} was prepared as described in Scheme 1).
4 \
s
ot = a j
7 s
H a \J b i\_<N /\} C )\ o‘
c—4 jl/j " / T \w\,/ N\/ {
N u--{ j (} ___/> Hpi <N/\j .
Y N - Q=
o= ( b, D;
‘ 4" 5 /f::::/
3 (\ 4 -j} ¥
MeO
Scheme 1
[00110] Benzylation of compound 3 was accomplished using KOH and 4-

fluorcbenzyl bromide. Various substitusnis can be incorporated into the C-2 position

using different nucleophiles. For example, compound 4 was prepared by heating 3 with
agthyl 4-aminopiperidinacarboxyiate. Deprotection of the ethyl carbamate using HBr

providad compound 7. Acylation of the piperidine with 4-methoxyphenviacetyl chloride

rendered N-acyl astemizoles (2).

In vitro testing, 208 activation

[00111] The 205 aclivity of astemizoles and N-acylastemizole (compound 2)
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was further assesssed in the fluorcgenic peplide assay, using sach of the individual
substrates as well as the combination of the three (FIG. 1B). When compared to
astemizole, the N-acviated analog performs similarly using the combination of the
three peptide substrate probes, with an AC200 of 3.2 uM. The N-acvlated analog
achieved similar max fold increases for each substrate/combination (>800% increase
over vehicle).

In vitro testing, IDP degradation

[00112] Purified human 208 proteasome was incubated with the compounds,
astemizoles (1) and N-acviated astemizole {2), at various concentrations, and human
a-syn substrate was subsequently added to the mixturss. The resulting digestions
were visualized using sitver stains. Enhanced 205 activily is msasured as a reduction
of remaining o-syn when compared 1o the vehicle contrel. As shown in FIG. 2A, both
astemizole and N-acvialsd astemizole were able o effectively enhance the
degradation of a-syn by the 208 protsasome in vitro. Both compounds displayed a
significant (FIG. 2B, »50%, p<0.001) concentration-dependsad dsacrease in a-syn at
values near their AC200. These results grant confidence in this novel 205 activator
scaffold to induce the degradation of IDPs and prevent their accumulation.

Mye reporier assay

f00113] The ability of the compounds o modulate MYC-mediated gene
transcription was svaluated using a luciferase reporter assay in HCT116 cells with a
stably transfected MYC-luciferase gene, HCT-118 cells stable transfected Myc-Luc
reported cells were seeded in a white, clear bottom, 96-well microplate at 25,000
celis/well, in McCoy's 5A media supplemented with 10% FBS and 1%
Penicillin/Streplomycin. The plate was incubated at 37°C with 5% CO2 gvermnight. The
next day, cells were treated with 0.0 uM, .1 ub, 1.6 uM, 2.5 uM, 5.0 uM, 10 uM, or
20 uM TOH-165, in Opti-MEM | supplemented with 0.5% FBS, 1% Non-essential
amine acids, 1mM Sodium Pyruvate and 1% Penicillin/Streplomycin. The plate was
incubated at 37°C with 5% CO2 for 16 hours. Firefly luminescence was measursed
using the One-Step Luciferase Assay Systern from BPS Bioscisnces. Data reportad
as a n=3 and the 1050 valuss wers calculated using the equation for the sigmoidal
curve for variable slope. Compound 1 had an EC50 of 21.8 microM for inhibition of ¢-
MYC and compound 2 had an ECE0 of 19 microM. For a dose responss see FIG. 4A
for compeund 1 and FIG. 48 for compound 2.

NF-xB reporter assay

[00114] HCT-116 stable transfected NF-kappaB-luc reporter cells were seaded
into in a white, clear botlomn, 96-well microplate at 5,000 csilsfwsll, in McCov's 5A
media supplemented with 10% FBS and 1% Penicilliin/Streptomyein.  The plate was
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incubatad at 37°C with 5% GO2 overnight. The next day, celis wers pretreated with
0.0 uM, 0.1 pM, 1.0 1M, 2.5 uM, 5.0 ub, 10 uM, or 20 ud TCH-1865, in Opti-MEM |
supplemented with 0.5% FBS, 1% Non-sssential amino acids, 1mbd Sodium Pyruvats
and 1% Peniclllin/Streptomyein, for 1 hour. TNF-alpha (Gibeo, REF2 PHC3018) was
added 1o a final concaniration of 2 ng/ml and the samples were further incubated for
16 hours at 37°C in 5% CO2. Firefly luminescence was measured using the One-Siep
Luciferase Assay System from BPS Biosciences. HCT-116 cells stable transfected NF-
kappaB-Luc reported cells were exposed 1o various concenirations of the compounds
{0.1-20 microM) for 16 hours after which luminescence was measured and compared
to vehicls control. Data reported as a n=3 and the IC50 values were calculated using
the equation for the sigmoidal curve for variable siope. Bata reported as an=8 and the
ICB0 values were calculated using the equation for the sigmoidal curve Tor variable
siope. Compound 1 had an EC50 of 15.8 microM for inhibition of NF-kB transcription
and compound 2 had an ECB0 of 18 uM. For a dose response see FIG. 4A for
compound 1 and FIG. 48 for compound 2.

Materials and Reagenis

[00115) Human 208 proteasome and fluorogenic substrates N-succinyi-Leu-
Leu-Val-Tyr-7-amido-4-methylcoumarin {(Suc-LLVY-AMC), carboxy! benzyl-Leu-Leu-
Glu-7-amido-d4-methylecoumarin  (Z-LLE-AMC), tert-butvloxycarbonyl-Leu-Arg-Arg-7-
amido-4-methylcoumarin (Boc-LRR-AMC), and bortezomib were obtained from Boston
Biochem, Inc. (Cambridge, MA). The PVDF meambrane, Clarity wesiern ECL reagent,
blocking grade milk, and precast sodium dodecyl sulfate gels were from Big-Rad
{Hercules, CA). The recombinant wild fype a-synuclein was obtained from Abcam
{Cambridge, MA). Rabbit polyclonal anti-a-synuclein, mouse monoclonal anti-o-
synucigin and goat anti-rabbit HRP-linked antibody were purchased from Santa Cruz
Biotechnologies {Dailas, TX). The anti-mouse HRP-linked antibody was purchased
from Cell Signaling Technology {Danvers, MA). The a-synuclein aggregates wers
obtained from Novus Biologicals {Littleton, CO). Unless otherwise noted, chamicals
were purchased from commercial suppliers and used without further purification.
Molecular docking studiss

[00116] Docking was perlormed using AuloDock Vina, supported through
computational resources and services provided by the Institute for Cyber-Enabled
Research at Michigan State University. The crystal structure of the closad gate human
proteasoms (h208) was obiained from the PDB database (PDB ID: 4R30). Molecules
were generated in Perkin Elmsr's Chem3D, minimized using the MM2 force fisid, and
converted to PDE. These molecules were uploaded to PyRx and converted to ligand
pdbgt files. Small molecule ligands were then docked against the entirety of the h205
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proieasome (grid box 153.2 x 138.0 x 1894 A) three times with exhaustiveness set to
1000Q. Individual poses were manually inspected using Pymol and BIOVIA Uiscovery
Studio 2020.

Flusrogenic peptide degradation 208 proteasome activity assay.

[00117] Activity assavs wers carried gut in a 100 L reaction volume. Different
concentrations (1-80 uM) of test compounds were added to a black flat/clear bottom
96-well plate containing 1 nM of human constitutive 208 proteasome, in 50 mM Tris-
HCl at pH 7.8, 100 mM NaCl and allowed to incubate for 15 min at 37°C. Fluorogenic
subsirates were then added and the enzymalic activity measured at 37°C on a
SpectraMax MSe spectrometer by measuring the change in fluorescence unit per
minute for 1 hour at 380-460 nm. The flucrescence units for the vehicle control were
set at a 100%, and the ratio of drug-treated sample set to that of vehicle control was
used to calcuiate the iold change in enzymatic activity. Ths Huorogsnic subsiraies used
werg one of the following: Suc-LLVY-AMC (CT-L activity, 20 M), Z-LLE-AMC (Cazp-
L activity, 20 uM), Boo-LRRB-AMC (T-L activity, 40 uM) or a combination of the three
subsiraies each at 6.67 uM.

General Experimental information

f60118] Reactions werg carried out under a nitrogen atmosphere in flame-dried
glassware. Solvents and reagenis were purchased from commercial suppliers and
used without further purification. Anhvdrous THF was distiled over sodium and
benzophenone directly before use. Magnetic slirring was used for all reactions. Yields
refer to chromatographically and spectroscopically pure compounds unless otherwise
noted. infrared spectra were recorded on a Jasco Series 8800 FTIR specirometer. 'H
and 13C NMR spectra were recorded on a Varian Unity Plus-500 or 800
spectrometers. Chemical shifis are reported relative o the residue peaks of the solvent
(CDCly: 7.26 ppm for 1H and 77.0 ppm for 13C) (BMSO-dg: 2.50 ppim for 'H and 398.3
ppm for '3C). The following abbreviations are used o denote the multiplicities: 8 =
singlet, d = doublet, dd = doublet of doublsts, { = triplet, and m = multiplet. HRMS were
obtained at the Mass Spsctromeiry Facilily of Michigan Siate University with a
Micromass O-ToF Ultima APHLC-MS/MS mass specirometer.

I vitro purified o-synuciein degradation assay {siiver stain)

[60119] Digestion of a-synuciein was carried out in a 50 pb reaction volume
made of 50 mM Tris, 100 mM NaCl af pH 7.8; 0.5 uM purified a-synuclein and 15 nM
purified human 208 proteasome. Briefly, 208 proteasome was diluted to 17 nM in the
raaction buffer. Test compounds or vehicle (1 pl of 50x stock or DMSO) were added
to 44 pb of 7.58 nM 208 and incubaisd at 37°C for 15 min. 5 gL of 5 pM g-synuclsin
substrate was then added to the reaction mixture and incubated at 37°C for 2 hours.
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The reactions were guanched with concentrated sodium dodecy! sulfate (SDS) lvading
buffer. After boiling for 10 min, samples were resolved on a 4-20% Tris-glycine SDS-
PAGE gel. The gels were then slained using a Pierce Silver Stain Kit (Thermo
Scientific, Bockiord i) and the provided procedurs.

MYC reporier assay

[00120] Myc reporter (Luc) HCT-116 celis were seeded in a whils, clear botiom,
96-well microplate at 25,000 celis/well, in McCoy’s 5A media supplemented with 10%
FBS and 1% Penicillin/Streptomycin.  The plate was incubated at 37°C with 5% GO
overnight. The next day, cells were treated with 0.0uM, 0.1uM, 1.0uM, 2.5uM, 5.0uM,
10uM, or 20ubt TOH-185, in Opli-MEM supplemented with 0.5% FBS, 1% Non-
essantial aming acids, 1mM Sodium Pyruvate and 19 Peniciliin/Streptomycin. The
plais was incubated at 37°C with 5% CO» for 16 hours. Firefly luminescencs was
measured using the One-Step Luciisrase Assay Systern from BPS Biosciences.
Exampie 1

fo0121] 2-Chipro-1-{(4-fluorobenzyil-1H-benzimidazole (@) 2-Chioro-1H-
benzimidazole (1312 mmol, 2 g), KOH (18.37 mmuod, 1.03 g) and dry acetonitrile (80
mbL) was heated to reflux and stirred for 1 hour. 4-flucrobenzy! bromide (19.68 mmol,
2.45 mb) was added. The reaction mixiure was refluxed whils stirring for 6 hours. The
reaction mixiure was cooled fo room temperature, washed with water, and extracted
with dichloromethane. The grganic laysr was evaporatsd and regrysiallized with
dichioromethansg and hexane io afford Compound 2 (2.6 g, 77%) as a white sofid.
(00122 H NMR (500 MHz, Acetone-ds) § 7.88 -7.59 {m, 1H), 7.58 -7 .50 (m,
1H), 7.39 =7 .30 (m, 2H), 7.31-7.23 (m, 8H), 719 - 7.07 {m, 2H), 5.55 (d, J= 1.1 Hz,
2H). 30 NMR (126 MHz, odsod) 8 163.87 {(d, J = 245.6 Hz), 142.30, 141.86, 13622,
132.89, 130.17, 130,11, 124.93, 124.38, 119.58, 116.885, 116.67, 111.66, 48.04. IR
(neat): 1602, 1506, 1233 cm'. m/z: [{(M+H+] caled for (Gi4HCIFNR'Y 261.058985; Found
261.058%9. mp 70-74 <C.

Example 2

[00123] Ethyl 4-{{1-{4-fluorohenzy-1H-banzimidazole-2-vl) amino)
piperidine-1-carvboxyiate {(4) Compound 3 (0.38 mmol, 100 mg} was dissolved in
dimethylacetamids (3 mb), followed by addition of ethyl 4-aminopiperidinecarboxylats
(3.8 mmol, 0.85 mbL). The raaction mixiure was stirred at 155 °C in a silicone oil bath
for 88 hours and then cooled to room temperature. Ths rsaction mixiure was than
diluted with ethyl acelate and poured into a 50% saturated brine solution and then
gxiracted with dichloromsthane. The crude product was purified by column
chromatography on silica gel (hexane/ethyl acstate; 10:90) to afford Compound 4 (8.5

mg, 45%) as a vellow solid.
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[00124] THNMR (500 MMz, Methanol-cb) 8 7.35 - 7.28 {m, 1H), 715 - 7.09 (m,
2H}, 7.06 — 6.98 {m, 4H), 6.3 {ddd, J=8.1, 7.3, 1.1 Hz, 1H), 5.22 (5, 2H), 4.10 {gd, J
= 7.0, 4.0 Hz, 4H), 3.95 (it, J= 11.0, 4.0 Hz, 2H), 2.98 (s, 1H), 2.10 — 1.98 (m, 2H),
1.45 {dd, J= 11.9, 4.2 Hz, 2H), 1.24 {td, J= 7.1, 3.3 Hz, 3H}. BC NMR (126 MHz,
Methanol-dy) 8 1683.56 {(d, J = 244.6 Hz), 157.18, 155.18, 142.92, 13530, 133.7
128.56, 122.5G, 120.86, 116.52, 116.35, 116.08, 108.13, 62.70, 51.43, 45.24, 44 1,
33.11, 14.98. IR {neat): 3275, 1694, 1220 e, mviz: [{M+H)+] caled for (CaoHasFNO™
387.2040; Found 387 .2070. mp 120-123 °C.
Example 3
[00125] 1-{4-fluorchenzyi}-N-{(piperidin-4-yi)}-1H-benzo[dlimidazol-2-amine
{8} Compound 4 {(0.76 mimol, 300 myg) was dissolved in 48% HBr (10 mbL) and heated
to reflux and stirred for 3 hours. The reaction mixture was cooled to room temperature
and neulralized with solid sodium bicarbonate, washed with water, and then extracted
with dichloromethane. The organic layer was svaporated {o afford Compound § (204
mg, 83%;) as a vellow solid.
[00126] H NMR (500 MHz, Chioroform-¢} 8 7.48 {(d, J= 7.8 Hz, 1H), 712 ~
7.04 {m, 3H), 7.02 - 8.93 {m, 4H}, 5.03 (s, 2H), 4.23 (s, 1H), 3.98 (s, 1H), 2.88 {dt, J=
12.8,3.7 Hz, 2H), 2688 (id, J=12.1, 2.6 Hz, 3H), 2.09 - 2.02 {m, 2H), 1.33 - 1.25 {m,
2H). C NMR (126 MHz, Chioroform-0) 8 162.38 (d, J = 247.0 Hz), 153.31, 142.32,
134.47, 131.23, 128.24, 12818, 121.51, 119.73, 116.38, 11615, 11587, 107.25,
5011, 45,14, 44 .93, 33.80. IR {neat): 3290, 3245, 1218 em™'. m/z: [(M+H)+] caled for
{CroHzF NG 325.1828; Found 325.1826. mp 120-126 °C.
Example 4
foo127) 1-{4-{{1-{4-fluorocbenzyi}-1H-benzo[dlimidazol-2-
yhamino)piperidin-1-yi}-2-{(4-methoxyphenyiiethan-1-one (2) Compound § (0.15
mmol, 50 mg) and tiethvlamine (0.2 mmol, 0.03 mb} wers dissolved in
dichioromethans (2 mb), foliowed by dropwise addition of 4-methoxyphenyiacetyl
chioride (0.15 mmiol, 0.023 mbL). The resaction mixiure was stirred at room temperature
for 4 hours. The crude product was purified by column  chromatography
{methanci/sthyl aceiate 5:85) to afford Compound 2 (31.5 mg, 43%) as a ¢oloriess oil.
[00128] TH NMR (500 MHz, Methanol-di) 8 7.32(d, J= 7.8 Hz, 1H), 7.20 - 7.18
(d, 2H), 713 ~7.08 (m, 2H), 707 ~6.9% (m, 4H), 6.85 (1, J=7.6 Hz, 1H),6.81 - 6.84
(d, 2H), 5.49 {s, 1H), 5.22 (s, 2H), 4.52 (da, /= 13.4, 3.2, 2.8 Hz, 1H), 4.06 - 3.94 {m,
2HY, 3.76 (s, 3M), 374 (d, J= 4.5 Hz, 1H), 3.68 (d, J = 14.9 Hz, 1H), 3.20 {ddd, J =
14.2, 119,26 Hz, 1H), 285 (td, J=12.8, 121, 2.7 Hz, 1H), 2.08 - 2.02 (d, 1H), 1.89
(d, J =129 Hz 1H), 145~ 1.37 {m, 1H), 1.1 {ddd, J= 138, 7.8, 3.3 Hz, 1H). “C
NMR (126 MHz, Methanol-dy) § 172.32, 183,57 (d, J = 244 4 Hz), 160.08, 142.48,
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133.67 {d, J=3.2 Hz), 130.67,128.58 (d, J= 8.2 Hz), 128.29, 122.60, 121.03, 116844
(d, J=21.9 Hz), 11588, 115,18, 10925, 55.64, 5137, 46,48, 45237, 42.26, 40.84,
33.52, 32.81. IR (neat): 3289, 1682, 1260 om™. mvz: [{(M+H}+1 caled for {CosMacF N0
473.2353; Found 473.2353.
[00129] The disclosure provides for the following example embodiments, the
numbering of which is not to be construed as designating levels of importance:
[00130] Embodiment 1 relates to a compound of the formuia (1)
RS
4N

R
[
Mo

¥
\xz-R’z
R
{h
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
whersin:
R’ is ary! or heteroaryl;
R?is H, alkyl, arvi or heteroarvl;
X' is alkyl or alkenyl;
X¥is N or CR®, wherein R is absent, hydrogen, alkyl, haterocyclyl, or aryl;
R*is hydrogen, alkyl, cycloalkyl, helerocyclyl, aryl or heteroaryl; and
R® is hydrogen, alkyl, cycloalkyl, heterocyelyl, aryl or heteroaryl.

001 31] Embodiment 2 relates to the compound of Embodiment 1, whergin R
is aryl.
[060132] Embodiment 3 relates to the compound of Embodiments 1-2, wherein

R is substituted aryl.

[00133] Embodiment 4 relates to the compound of Embodiments 1-3, wherein
R' is substituted phenyl.

[00134] Embodiment 5 relates to the compound of Embodiment 1, wherein R
is heteroaryl.

[00135] Embodiment 8 relates to the compound of Embodiment 1, wherein R
is benzimidazolinyl.

[00136] Embodiment 7 relates to the compound of Embodiments 1-6, wherein
F?is H.

[00137] Embodiment 8 ralates 1o the compound of Embodiments 1-7, wherein
X' iz alkyl.

£
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[00138] Embodiment @ ralates 1o the compound of Embodiments 1-8, wherain
X' is C1-Ce alkyl.
[00138] Embodiment 10 relates to the compound of Embodimenis 1-8, whereain

10

the compound of formula {1} is a compound of the formula (ia):

{ta)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
whersin:

R® is aryl or histercaryl.

[00140] Embodiment 11 relates o the compound of Embodiments 1-10,
wherein the compound of formula () is a compound of the the formula (Ib) or (e
RS R5

7 lﬁ
\"N\yﬁg and -N

{

1 .
N, 1\
(to {le)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,

whersin:
nis g, 1orz
[00141] Embodiment 12 relates o the compound of Embodiments 1-11,

wherein the compound of formula (B is a compound of the formula:

1N
[9%]
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HN
*
=0
OMQOF
pharmaceutically acceptable salis, polymorphs, prodrugs, solvates or clathrates
thereof.
[60142] Embodimeant 13 relates o a compound of the formula;
M
Rré N

N~ H
] RrE 7/\7 N
NG N SN RE”

X! N, -0 X! =0
“y2RE N2 RE ;
1 rt-Xi o /1 ri-X
5 R R*) R , and R

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
therecf, wherein:
R'is aryl or helercaryl;
R*is H, alkyl, aryl or hetercaryl;
10 X'is alkyl or alkenyl;

X2 is N or CR3, wherein B is abseni, hydrogen, alkyl, heterocyolyl, or aryl; and
R®ig aryl or hetercaryl.

{00143] Embodiment 14 relates to the compound of Embodiment 13, wherein

the compound is a compound of the formula:

£
£



WO 2022/035898 PCT/US2021/045440

RYTTNTRY,
X
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? *=0 s
X’i X1 /N 0
\ 2_R2 f
;X XZ‘RE R’:“X\
a1 R Ra
X1
RN
N 1
. RQXX\N/\\N
3 \
(R’m)q/‘:‘:.,_{z\’ m.:«(
NH
7/’\? (R,m)q/\i\y "
] S
X’E \/‘N\;:f'g
Noo. 22 {
X2 R i
Rﬁ R’ifx R2
or
wharein :
gis, 1,201 3
5 R® iz alkyi, cycloalkyl aryl, heteroaryl, acyl, amide or carbamate; and

sach R iz independently H, hale, alkyl, haloalkyl, atkoxy or heigrocyclyl; or
two R groups on adjacent carbon atoms, together with those carbon atoms, can
forny a cycloalkenyl, aryl or heterocyelyl; or

R® and an R'%, fogsther with the atoms to which they are attached, can form a

10 heterceyivl group.
f00144] Embodimeant 15 relatas to a compound of the formula (1) and {la)-(lid):
1
X R
YA, i N
Z!'! W )ﬁ
"p( z;;, W
S TN
xt )
N TV g N o
N ¥
S \{ 1
4 -
xR, R¥ (lla),

£
n
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R (i), RY tic) and

R® did)
or a pharmaceutically acceptable salt, polymorph, prodrug, sohvate or clathrate thereof,
wherein:

& gisg, 11,2075,

each X' is independently alkyl or alkenyi;
R® and R® are each indspendently alkyl, cycloalky! aryl, hetercaryl, acyl, amide or
carbamate; and
Wis Nor C-B" XisNorC-R'% Yis Nor C-R': and Z is N or C-R'®; wherein sach

10 R'is independently H, halo, akyl, haloalky!, alkoxy or heterocyclyl; or
two R'® groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycioalkenyl, aryl or heterocyclyl; or
R* and an B together with the atoms to which they are attached, can form a
hetarocyiyl group.

15 [00145] Embodimeant 16 relates 1o the compound of Embodiment 15, wherein
X'is -{CHa)-, whereinnis ¢, 1, or 2.
[001 48] Embodiment 17 relates to the compound of Embodiments 15-16,
wharein R is alkoxy of the formula -ORY, wherein R'! is alkyl, cycloalkyl or aryl,
heteroaryl, acyl, amide or carbamate.

20 [0047) Embodiment 18 relates to the compound of Embodiments 15-17,

wherein the compound is a compound of the formula:
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s
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N, &
A{N ef;{r\a
RE. N R N
i \{ RN ~\/
HN\(\'\N o HiN \N o
M M
X1__ Rg X'!___Ra
(R’“}}q\ (R10) N
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AT N Y
N - N s
o \T/ hY 8 Y"{\N
R\x,i/'N*\'{/ R\ 1/N\€
O MO
\L__Ji\LJg N\{
X% o X' -R8
5 or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereot.
[00148] Embodiment 19 relates to the compound of Embodiments 15-18,

whersin the compound is a compound wherain R® and R'C, wogether with the atoms 1o

which thsy are attached, can form a hsterocyly! group:

£
~3
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10

15

16
{R%)q

}

™
5
x ™ ~

HN \ﬁ 0
N
2 \{
X p®

¢r a pharmaceutically acceptable salt, polymorph, prodrug, schvate or clathrate thereof.

[00149] Embodiment 20 relates to the compound of Embodiments 15-18,
whergin the compound is a compound of the formula:
~X
I
Z\;‘}i

or a pharmaceutically acceptable sall, polymorph, prodrug, solvats or dlathrats thergof.
[G0150] Embodiment 21 relates 1o the compound of Embodimen 15, wherain
the compound is a compound of the formula:

Me(” ™
or a pharmaceutically acceptable sall, polymorph, prodrug, solvats or dlathrats thergof.
[00151] Embodiment 22 relates i a compound of the formula (i)
X".,v‘[ ,rN R12
AR N
Y l >_'N‘ 13
o TN R
y
9/
R i
or a pharmacsuiically accaptable salt, polymaorph, prodrug, solvate or clathrate thereof,
wherain:
qis0, 1, 20r3;

PCT/US2021/045440



WO 2022/035898 PCT/US2021/045440

X' iz atkyl or akeny!;
WisNor C-R'%: XisNor C-R'" Yis Nor C-R'¥ and Z is N or &-R': wherein sach
R¥ g independently H, halo, alkyl, haloalkyi, alkoxy or heterocychyl; or
two R groups on adjacent carbon atoms, together with thoss carbon atams, can form
5 acycloakenyl, aryl or heterocyelyl; or

R® and an R'Y together with the aloms o which they are attached, can form a
heterocyivl group; and
R'2 and R are each independently alkyl, cycloalky! anyl, heteroaryl, acyl, amide or
carbamate.

10 [00152] Embodiment 23 relates to the compound of Embodiment 22, wherein
X'is -{CHa), whereinnis 0,1, or 2.

[G3153] Embodimant 24 relates to the compound of Embodiments 22-238,

whergin R'° is alkoxy of the formula -ORY, wherein R is alkyl, cycloalkyl or aryl,
15 hetsrearyl, acyl, amide or carbamate.

[GG154] Embodimant 25 relates to the compound of Embodiments 22-24,

wherein the compound is a compound of the formula:

(R“Jﬁ)q (R1Q)q
,—\ r’\’% 10 ,.,—"N N/‘\
2 SRS 5"
i
K?/ "':;(\ H“/"‘(\ ,Z
oL 5\5 /N R A ;N Q¢ B R9
R AT A U (TR
- N~ - .
/N R12 / g2 /N R12 , ~giz
R13 R13 ' R‘i3 R'iS
(R (R1% R (R
,7‘\ A ?;!'\”%N ;”‘\’*\\N < N\«\\?
N N N,
9 ?’4 \ ™
RS N R3 4 R N
\X1. \< \ 1,— \( \ 5 ‘\\/ \X,i/ -\<
,N\R’iz ;N“R1ﬁ N\Rw XN~R12
R1$ ’ R13 , R13 or R13
20 or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereof
[00155] Embodiment 26 relates to the compound of Embediments 22-25,

wherein the compound is a compound wharein R® and R or B® and R'®, together with
the atoms o which they are attached, form a hetsrocyivl group:

£
(o]
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(R, (R
o Q
Cro 4
N
w17 \< xt g

or a pharmaceutically acceptable salt, polymuorph, prodrug, solvate or clathrate
thereof.
{001586] Embodiment 27 relates to the compound of Embodimenis 22-268,

5 wherein the compound is a compound of the formula:

y N
ShEX
o N é,\;,

- </ N
;:\ /2 <\F

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereot,

10 [00157] Embodiment 28 relales to a compound of the formula {IV):

KA
AT N Y £
¥ IN>—«
Z \
X'i
I
R? (V)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
wharein:
qis{, 1,205 3;
15 X'is alkyl or akenyl;
Wis Nor C-RY, XisNor C-R'% Yis Nor C-R'% and Z is N or C-R'%; wherein sach
R is independenily H, halo, alkyl, haloalkyl, alkoxy or heterocycolyl; or
two R' groups on adjacent carbon atoms, together with those carbon atoms, can form

a cycicalkenyl, aryl or heterocyclyl; or
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B® and an R'°, togsther with the aioms to which they are attached, can form a

heterocyivl group; and

R ig aryl or heterocyelyl; or

R® and R™, togsther with the atoms 1o which they are atlached, can forma an aryi or a
5 hstorcyelyl.

{00158] Embodiment 29 relates to the compound of Embodiment 28, wherein

X' is -(CHulo-, whersinnis 0, 1, or 2.

[00159] Embodiment 30 relates to the compound of Embodiments 28-289,
10 whersin R'% is aikoxy of the formula -OR', wherein R'' is alkyl, cycloalkyl or aryl,

hetsroaryl, acyl, amide or carbamate.

0031607 Embodiment 31 relates to the compound of Embodiments 28-30,

whergin the compound i3 a compound of the formula:

(%) (%% (R
E N g
§ [

foWN PN N
3 8 s
gt Rt R AN R
R4 EQM R4 14
{Rm) \ (R’Eﬂ)q gR!Q)q (R10)
R g Y
N !;?E\‘%N " IR,
N i | N .
\f/ y \,—(\N %E\i \F/(
R A N R N R N
e ] g e
X
15 \};145 \{m \3;14 or \{ua

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
theraot,
G161} Embodimant 32 relates to the compound of Embodiments 28-31,
whersin the compound is a compound whersin R® and R or B® and R™ together with
20 the atoms to which they are altached, form a heterocyivl group:

R},

12
R ) Q

N
R™ and —

a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
theraof,
[00182] Embodimeant 33 relaies to a compound of the formula (V)

51
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z7 N &
1
gf
R (V)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
whersin:
qis 0, 1, 20r3;

5  X'is alkyl or alkenyl;
Z'is absent, N or C-R'%;
gach Wis N or C-R'; gach X is Nor C-R'"; sach Yis N or C-R'% and each Zis N or
C-RB' whersin each R is indepsndently H, hals, alkyl, haloalkyl, alkoxy or
heterocyelyl; and
10 two RP groups on adjacent carbon atoms, togsther with those carbon atoms, can form
a cycloalkenyl, arvl or haterocyelyl; or
R* and an B together with the atoms to which they are attached, can form a
heterocylyl group.
[00163] Embodiment 34 relates 1o the compound of Embodiment 38, wherein
15 X'is -(CHo)-, whereinnis 0,1, or 2.
[00164] Embodiment 35 relates to the compound of Embodiments 33-34,
wharein R0 is alkoxy of the formula -OR", wherein R'' is alkyl, cycloalky! or aryl,
hatercaryl, acyl, amids or carbamate.
[00165] Embodiment 36 relates to the compound of Embediments 33-35,
20 wherein the compound is a compound of the formula

r’ iy N N 4=
(R” \)\ “>‘~<\ Yx (R’ \_N‘>ﬂ-<\ X (R‘%w& N W

----- A} o % Z““‘Y
/’X ;‘X1 /X1
RS R ge
M zi- N Ii-w
R0 f//\F S X (R i
R} . NS R &
SN — N Z—Y
xt x!
&
RQ RS
M. N 2y N 2l
~ “ >
oL S—( X (R“’)qm—[\ 5L X
N 7 { Y
xt Xt
£ &
EQQ RQ

823
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or a pharmaceutically acceptable sali,

thereof.

[00166]

polymorph, prodrug, solvate or

clathrats

Embodiment 37 relates to the compound of Embediments 33-36,

wherein the compound is a compound wherein RB® and R form a heterocylyi group:

(8]

£
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10

N 2w W "
~ 4
w4 K NN R
? Nz G &\
X! “z7 R
7 1
s ar X\- .

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereof
[00167] Embodiment 38 relates to the compound of Embodiment 33, wherain

the compound is a compound of the formula:

3 Y = 4
2 N \ o
@N} <\ /> ©

or a pharmaceutically acceptable salt, pelymorph, prodrug, solvate or dathrate thersof,
[00168] Embodiment 38 relates 1o the compound of Embodiment 33, wherein
the compound is a compound of the formula:

F ,and F , of a pharmaceutically
acceptable salt, polymorph, prodrug, sobvats or clathrate thersgof.

(1]
(93]
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[00189] Embodiment 40 ralates 1o a pharmaceutical composition comprising
ong or more compounds of Embodiments 1-39 and one or more pharmaceutically
acceptable excipients.

[00170] Embodiment 41 relates to a method for treating a neurodegenarative
disease comprising adminisiering a therapeutically effective amount of astemizole, at
least one compound of Embodiments 1-39 or a pharmaceutical composition of
Embodiment 40 1o a subject in need thereof.

{00171} Embodiment 42 relates 1o the method of Embodiment 40, wherein the
neurndegenerative disease is al ieast one of Parkinson’s disease, Alzheimer's
disease, Huntington’s disease, and ALS.

00172} Embodiment 43 relates (o a msthod for reducing, substantially
eliminating or eliminating dysregulation of proteosiasis comprising administering a
therapeutically effective amount of astemizole, at least one compound of Embuodiments
1-39 or a pharmaceutical composition of Embodiment 40 to a subject in nasd thereof,
f00173] Embodimant 44 relaies 1o a method for reducing, substantially
eliminating or eliminaling the accumulation of intrinsically disorderad proteins
comprising administering a therapeutically effective amount of astemizols, at least one
compound of Embodiments 1-32 or a pharmaceutical composition of Embodiment 40
o a subject in need thereof.

f00174] Embodimeant 45 relates o the meathod of Embodiment 44, wherein the
intrinsically disordered proteins comprise a-syn.

{001 75])
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What is Claimed:

1. A compound of the formula (1)
Rﬁ

0

R“’N

e

X1
\Xz-RZ
R
{1

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
whersin:
R’ is ary! or heteroaryl;
R2is H, alkyl, aryl or heteroaryl;
X' is alkyl or alkenyl;
X#is N or CR?, wharein R is absent, hydrogen, akyl, heterocyclyl, or aryl;
10 R*is hydrogen, alkyl, cycloalkyl, heterocyclyl, aryl or heterocaryl; and
R® is hydrogen, alkyl, cycloalkyl, heterocyclyl, aryl or heteroaryl.

The compound of claim 1, whergin R is aryl.

15 The compound of claim 1,
The compound of claim 1,

The compound of claim 1,

The compound of claim 1,

~3

The compound of claim 1,

The compound of claim 1,

o

The compound of claim 1,

10.

30 the formula (a);

The compound of claim 1,

wherein R' is substituted aryl.

wherein R is substituted phenyl.

wherein R is heteroaryl.

wherein R' is benzimidazolinyl.

wharein R2is H.

wharein X' is alkyl.

wharein X' is Ci-Cs alkyl.

wherein the compound of formula (1} is a compound of

(93]
~3



WO 2022/035898 PCT/US2021/045440

RS
N
R4 \,/\7
(Ao

¥
\R5
{ta)
¢r a pharmaceutically acceptable salt, polymorph, prodrug, scivate or clathrate thereof,
whersin:

5  REis aryt or heteroaryl

11. The compound of claim 1, whersin the compound of formula (1} is a compound of
the the formula (b} or {c):

\’- R4N

Q Q

S oyt and N
{,

{fo) {ic)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
10 wherein:

nisd, tor2.

12. The compound of claim 1, wherein the compound of formula (I} is a compound of
the formula:

g

HN
}"‘-

/

~N

=0 MaO, e

15 OMegor
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pharmaceutically acceptable salts, polymorphs, prodrugs,
thersof,

13. A compound of the formula:

PCT/US2021/045440

solvates or clathrates

H
8 N
NN, RET N H
g Rﬁ;\;/\ K/t\é RE"N\/
X! -N. 0 X! ~N =0
\XE-RZ ’/ \XIRZ \i;
{1 r1-X. 2 i1 RiI-¥%. o
5 R , , R , and R
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereot, wherein:
R' is aryi or heteroaryl;
R? s H, alkyl, aryl or heteroaryl;
10 X1 is alkyl or akenvl;
X2 is N or CRY, wherein R® i absent, hydrogen, akyl, hetsrocyclyl, or aryl; and
R® ig aryl or heteroaryl.
14. The compound of claim 13, wherein the compound is a compound of the formula:
1
Rﬁ/X“N/Q‘\\"N
X! |
Rgf »N/%N ( \‘ 1
/g( Ry RO
\ \ i
(R’EO)(&"/E\J/}?N/ N-—> pa
3
& Y ®aAL
(A, N N
i k=0 L
(! X! SN o
Nz
. 2.R? ) )
?( XQNRZ R"..«X\
15 R! R Ry
X
RPN
N ¥t
= R \;\;"’\\N
(RO .
N 10 /‘l" s
R U
,/\:7 B NH
NYO O
X! N 0
\XZ»RQ \’3:/»
R"! RJ;IX‘RZ
or

wherain :
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qisd, 1,203,

R is alkyi, cycloalkyl aryl, heteroaryl, acyl, amide or carbamate; and

gach R'¢is independently H, haic, alkyl, haloalkyl, alkoxy or heterogyelyl; or

two R'O groups on adiacent carbon atoms, togeiher with thess carbon atoms, can
5 form a cyclpatkenyl, arvl or heterooyclyl; or

R® and an R'%, together with the atoms to which they are atlached, can form a

heterocyivl group.

15. A compound of the formula (1) and (Ha)-(Hd):

X
y-X RETTIHTRY
noW
7 Z;‘)hév
R o o Y“‘X‘N”\i
- ‘\é\/ X’!
10 X-R8 (1, R® (jia),
X’i
, RPN
RBJX‘N/‘\N R E\EE \N
Z)E:{ z W
v X NH
Q3 Ul
{ {
NN N
.0 0
; M
R® (i1hy), R® (lic) and
1
RQ”X”N’%
v,
z \Sv
Yo nei

R® (ig)
or a pharmaceutically acceptable salt, polymorph, prodrug, sohvate or clathrate thereof,
whersin:
15 qisQ, 1,20r3;
each X' is independently alky! or alkenyi;
R® and R® are each indspendently alkyl, cycloalky! aryl, hetercaryl, acyl, amide or
carbamate; and

B0
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WishMNor C-R'® XisNor C-R'® Yis Nor C-R'™ and Z is N or C-R'®: wherein each
R is independently H, halg, alkyl, haloalkyl, alkoxy or heterocyclyl; or
two R groups on adjacent carbon atoms, together with thoss carbon atams, can form
a cycloalkenyl, aryl or hetarocyelyl; or

5 P® and an R'? togsther with the aloms to which they ars attached, can form a
heterocyivl group.

16. The compound of claim 153, wherein X' is -({CH)w-, whereinnis ¢, 1, or 2.

10 17. The compound of claim 15, whersin R'% is alkoxy of the formula -OR"Y, wherein R"

is alkyl, cycloakyl or aryl, heteroaryl, acyl, amids or carbamate.

18. The compound of claim 15, wherein the compound is a compound of the formula:

(R'iﬁ)q (R1O)q
- N
/;, ”\\7 )7\\?\&
l\\f;:;(\ ezl
Y N
9 9
R\X!,N\{/ R\Xq,m.{
\
HN.\C o ™ o
N \\qN‘{
Xlogs Xl-ps
10
B AR
(R1°)q‘-§{: Sy ;;j 'Q"\ 9
R 1,,N\»<f R\XVN\(:\?
HN— T\ g HN o
N N
Y
15 X'-g? X'-ge

&1
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€R103q\ (R,
’[i';\ ;‘::E\‘%N
Y ,,{N \f’//’(i\j
9 )
R\X»E/N\‘( R\ 1,—N Y
HE\EC\ o HN~" ) g
N N
~ MY
X1’"R8 X"_.,Rﬁ
10
(R )q\ (Rqu "
Y M
NY}J\N N /ﬂ'\N
L] 3
R\ 1./N\/{ R\ 1/N\{
N N Hm\h o
{ N N
s
X'i___Rs or X1“R8

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereot,

19. The compound of claim 15, wharein the compound is a compound wherein R and
R together with the atoms 1o which they are aitachsed, can form a heterocylyl

group:

HN- v Q
Cw
X't

10 orapharmacesutically acceptable salt, pelymorph, prodrug, soivate or dlathrate thersof,

20. The compound of claim 15, wherein the compound is a compound of the formula:
X
I
9
N
N
A
G
KW/N CN~{
Xi'-pd

or a pharmacsutically accaptable salt, polymaorph, prodrug, solvate or clathrate thereof.

o2}
[
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21. The compound of claim 15, wherein the compound is a compound of the formula;

Mely”

or a pharmaceutically acceptable sall, polymorph, prodrug, solvats or dlathrats thergof.

22. A compound of the formula (i)

N 12
o
Y\wz N w13
X‘i
2
R* (i)

or a pharmaceutically acceptable salt, polymorph, prodrug, sobvate or clathrate thereof,
whersin:

qis0, 1, 20r3;

X' is alkyl or alkenyl;

Wis Nor C-RY: Xis Nor C-R'®: Yis Nor C-R'% and 7 is N or C-R'%; wherein sach
R'¢is independently H, halo, alkyl, haloalkyl, alkoxy or heterocyaly; or

two B'% groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycicalkenyl, aryl or heterocyclyl; or

R® and an R'°, togsther with the atoms to which they are attached, can form a
heterocylyl group; and

R'2 and R™ are each independently alkyl, cycloalky! anvi, heteroaryl, acyl, amide or
carbamate.

23. The compound of claim 22, wharein X' is -(CHoy-, whereinnis 0, 1, or 2.

24. The compound of claim 22, wherein R'? is alkoxy of the formula -ORY, whergin R
is alkyl, cycloakyl or aryl, heteroaryl, acyl, amide or carbamate.
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25. The compound of claim 22, wherain the compound is a compound of the formula;

R‘!O

(&5 { )q\f\ N (R,

® (D wngEy g

J M 8 N N ! N

Re. Ny R AN R N RS N

\X1 \{ \X1 ~("“/ \X—E \(" \X‘!,—- \{
,N'“Rm /N~R1:z /NNRW. meR‘nz

R13 R‘:S R‘l3 R'iS

(R4 {R*), (R )\ RO

% ;\E‘\%N AN N

N, / N N -

RA. N R N rRY N RS N

¥! \( gt i \{' i \<
/N\R'rz /NMRQ /N\Rm N\Rm

R‘i?z R13 R‘!S or R’ES

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
5 thereot,

28. The compound of claim 22, wherein the compound is a compound wherein R® and
R'° or R? and R, together with the atoms o which they are aitached, form a
heterooyiyl group:

(R, (R,
™ ™
- \;»J\
N ooUN
\x'i"N\\'g/ X’!"‘N\’{/
Newgp12 M-pt2
10 Ri® or <\_,/

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
theraot,

27. The compound of claim 22, wherein the compound is a compound of the formula:
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15

20

, F /. and

or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or ciathrate

thereof.

28. A compound of the formula (V)

ﬂW /N
e
Y{\z ; ~ 7

R? (V)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof,
whersin:
qis 0,1, 20r3;
X' is alkyl or alkenyl;
WisNor C-R% XisNorC-R'® Yis Nor C-RY and Z is N ar C-R'% wharein each
R'%is independently H, halo, aikyl, haloalkyl, alkoxy or heteracyclyl; o
two R groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycicalkenyl, aryl or heterocyclyl; or
R® and an R'°, together with the atoms to which they are attached, can form a
heterocyiyl group; and
R4 ig aryl or heterocyclyl; or
R® and R™, togsther with the atoms 1o which they are atlached, can forma an aryi or a

hetoroyelyl
29. The compound of claim 28, wharein X' is -(CHoy-, whereinnis 0, 1, or 2.

30. The compound of claim 28, wherein R is alkoxy of the formula -OR', whergin R
is alkyl, cycloakyl or aryl, heteroaryl, acyl, amide or carbamate.

85
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31. The compound of claim 28, wherein the compound is a compound of the formula:

(R} {R*, 10
j\ vy 10, N A
A Fron REE0Y R
F//{N '/;(\N S;—;{N S;}g\s
RE.  mN.st R N REL N RYL N
\X1 \{ \X1 \( \Xrg ‘\{ \X1 \{
R'i:’} R‘M R’M R14
10 10 10
R R }q. " )q\ (R0, N
AN\ VR <
N/T “§ ﬂ}g\\s\s N/T Ay K S
8 8 g f g g
~ g/N\((i' R ~Nwyg R\XVN\? R ~Nwyg
3 1
R’M ' R‘M R14 or R‘M
g or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or ciathrate
thereot,

32. The compound of claim 28, wherein the compound is a compound wherein R® and
R'C or R® and R, together with the atoms to which they are attached, form a
10 heterocylyl group:

(R%, N

a .

/{j gf/‘!\
/ = N

or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or ciathrate

thersof.

15 38, A compound of the formula (V):

x AN 2
TN
g N Z2—Y
¥1
s
R? (V)
or a pharmaceutically acceptable salt, polymorph, prodrug, sobvate or clathrate thereof,
whersin:
qis{, 1,205 3;

20  X'is alkyl or akenyl;

51



WO 2022/035898

10

15

Z'is absent, N or C-R'°;

cachWisNorC-R% cach XisNorC-R'W each YisNorC-R"W andeach Zis N or
C-R'%: wherein each RY is independently H, halo, alkyl, haloalkyl, alkoxy or
heterocyclyl; and

two R'¢ groups on adjacent carbon atoms, together with those carbon atoms, can form
a cycloalkenyl, aryl or heterocyelyl; or

R® and an R'Y together with the aloms o which they are attached, can form a
heterocyivl group.

34. The compound of claim 33, wherein X' is -{CHyjn-, whersinnis G, 1, or 2.

35. The compound of claim 33, wherein R is alkoxy of the formula -OR'!, wherein R"
is alkyl, cycloalkyl or aryl, heterparyl, acyl, amids or carbamate.

38. The compound of claim 33, wherain the compound is a compound of the formula

s N W NN 2 NP~ N 2
(R!G)q'“t\\\/lj\N\ y_ S R | NH P R 4 X

—_ — N Z—Y
X! X1 X!
/£ Ve 7/
r? RY R®
N E N T
LR e W W%{E an N
Z— NN Z—Y
X X
7 V4
R r?
‘ N 2w r}N N 2w
RE TG x woef T Y« x
A NTTN 2
/X1 /}(’i
RS RY
o R W N Ne= (R
16 B W ‘3_.. X Y
(R, \:j; >“< & ;,\ < _____ ) e I 7
et
/ f x‘x
RS , g R
™ S
b N I i N
X X!
Vd V4
= R9 R
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Ny m % XW\/N Ne=y (1),
b, A *—@ B0
X!
RB 3/
N ==y — S (Rm)
o L7 L \f—a\_y “
1
RQ‘/ Q
N R10 ~ 10
(R'9) __Q: ‘\>“< )€ 5, \1 >‘“< W
RQ/ 9
ZF Y AR) -\/(Rw)q
19y 7 N 18
o LA CL
‘}(1
RS , Pﬁ
AN N N Nz (819
qtoy 2 oo, N A e
1 ¥t
9/ Rg/
5 R
_ N N == (R0
=~ P 9
-J\> wel TS
¥t
RQ ] RQ ,
N N Ny (R AN =N _{R'%
(R“’} "E:J" i >,<\ ;/; 4 (Rw)q";g EJ N\ _____ \ 7 B
Bl
X Xt
& /
R , R?
Ne N 1 Y N 0
& /A AN N R,
10y AL A\ 0y N
S e N (%, {\\\NE \_/
X! X
V4 7
R® R ,
s ““/(R ~ -~ "““/(Rw)q
Rﬁ))q t >_<:- R"!O)q - ! A \ ----- !}‘
;}(1
R9 R
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M=y (R, e N N R
(Rm}q“‘“\ | \>4- N (Rm)q_-[:\} J\N\}“ /\\ P
X b
P £
R R?

LN N N==y ( 16)
* N 4
(R'EQ}q.__\ \>.ﬁ§\__/}/ (R’EGEQT\\\ /]\ >'_& Il/>
N ‘)(’E
RQ/ Ra/
N wmy ,', ----- (Rw)
N , /
RO L > 7 (R I \> ﬁd q
¥1
5 RQ/ RS{
B N Y- (R N NS (R'EG)
-“!:, ' N q .__f_// B} Py 9
(R'fﬁ)q g ‘ N/ \\-m /’) (R"G)q i\\\\m l N; (\ ----- y
Y1 X
, /
RS , o R

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate

thereof.

10 37. The compound of claim 33, wherein the compound is a compound wherein R® and
R'%forma hetemcyiyi group:
\ ) 10
(R m@i ba ~<\ ,,X x | N\ SAR Ny
Yo N/
rX Z 3
# or X\»/
or a pharmaceutically acceptable salt, polymorph, prodrug, scivate or clathrate
thereof.
15
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38. The compound of claim 3
- - /

H A\ )
GRS Wa

\_ 7

g
A

or a pharmaceutically acceptable salt, polymorph, prodrug, solvats or clathrate thersof.

, wherein the compound is a compound of the formuia;

I e\

35%. The compound of claim 33, whearein the compound is a ccmpourtd of the formula:

T aYad

F , o :
N - N =
A GREWad
N e e DN e s
—
N\
F , and F , of a pharmaceutically

acceptable sall, polymuorph, prodrug, solvate or clathrate thersof.

40. A pharmaceutical composition comprising at least one of astemizole and one or
more compounds of claims 1, 15, 22, 28 or 33 and one or more pharmaceutically

acceptable sxcipients.

41. A methed for treating a nsurcdegensrative disease comprising administering a
therapeutically effective amount of at least one of astemizole and at least one
compound of claims 1, 15, 22, 28 or 33 to a subisct in need thersof.
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42.

44,

46.

48.

The method of claim 41, whearein the naurodegensarative disease is al lsast ong of

Parkinson’s disease, Alzheimer's disease, Huntington's disease, and ALS.

3. A mathod for reducing, substantially sliminating or eliminating dysregquiation of

protecstasis comprising adminisiering a therapsuiically effective amount of at least
one of astemnizole and at least one compound of claims 1, 15, 22, 28 0r 33 1o a

subject in need thereof,

A method for reducing, substantially eliminating or efiminating the accumuiation of
intrinsically disordered proteins comprising administering a therapeutically
effsclive amount of at lsast ons of astemizols and at lsast one compound of claims
1,15, 22, 28 or 38 to a subjsct in need thersof,

. The method of claim 44, wherein the intrinsically disordersd proteins compriss o-

3yn.

A method for frealing a neurcdegensrative disease comprising administering a

composition of claim 40 {0 a subject in need thereof.

. The mathod of claim 48, wherein the neurcdegenerative disecase is at least one of

Parkinson's disease, Alzheimer's disease, Huntington's disease, and ALS.

A method for reducing, substantially eliminating or sliminating dysregulation of
proteosiasis comprising administering a composition of claim 40 10 a subject in

nead thereof.

. A method for reducing, subsiantially sliminating or eliminating the accumulation of

intrinsically disordered proteins comprising administering a composition of claim

40 1o a subject in need thereof,

. The method of claim 49, wherein the intrinsically disordered proteins comprise o-

syn.

PCT/US2021/045440
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3. D Claims Nos.:
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Attachment to Box.No.lli:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group I+: Claims 1-40, directed to a compound of the Formula |, or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or
clathrate thereof, as described in claim 1, further represented by Formula (1a), (Ib) or (Ic), and selected from the compounds specified in
claim 12; a compound of the formula specified in claim 13; a compound of Formula !l and (lla)-(lld), or a pharmaceutically acceptable
salt, polymorph, prodrug, solvate or clathrate thereof, further represented by the formulae specified in claims 18-20 and by the
compound specified in claim 21; and to a compound according to Formula (i), (V) or (V), or a pharmaceutically acceptable salt,
polymorph, prodrug, solvate or clathrate thereof, further represented by the compounds specified in claims 27, 38 and 39; and to a
pharmaceutical composition comprising said compound.

The compound and composition will be searched to the extent that the compound encompasses the first species of claim 1, represented
by Formula |, wherein R1 is aryl, which is unsubstituted phenyl;

R2 is H; X1 is C1-alkyl; X2 is N; and R4 and R5 are each hydrogen.

It is believed that claims 1-2, 7-9, 11 and 40/1 read on this first named invention, and thus these claims will be searched without fee to
the extent that they encompass the first species of claim 1, described above.

Applicant is invited to elect additional compound(s) wherein each additional compound elected will require one additional invention fee.
Applicants must specify the claims that encompass any additionally elected compound. Applicants must further indicate, if applicable,
the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the '+' group(s) will result in only the first claimed invention to be searched.
Additionally, an exemplary election wherein different actual variables are selected is suggested. An exemplary election would be the
compound of claim 21, represented by Formula (lla), wherein each X1 is C1-alkyl;

W, X, Y and Z are each C-R10, where each R10 is H; and

R8 and R9 are each substituted aryl; and a pharmaceutical composition comprising said compound (i.e., claims 15-16, 21 and 40/15).

Group II: Claims 41-50, directed to a method for treating a neurodegenerative disease comprising administering a therapeutically
effective amount of at least one of astemizole and at least one compound of Farmula (1), (i1}, (Ila)-(lld), (lil}, (V) or (V) to a subject in
need thereof.

The group of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group |+ includes the technical feature of a unique compound, which is not required by any other invention of Group i+.

Group Il includes the technical feature of a method for treating a neurodegenerative disease in a subject, not required by Group |+.
Common technical features:

The inventions of Group I+ share the technical features of a compound according to Formuia (1), (I1), (Hla)-(ild), (111}, (IV) or (V), or a
pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof.

Groups |+ and 1l alsq share the technical feature of a compound according to Formula (1), (i1}, (lla)-(lld), (11}, (IV) or (V), or a
pharmaceutically acceptable salt, polymorph, prodrug, soivate or clathrate thereof.

This shared technical feature, however, does not provide a contribution over the prior art, as being anticipated by Pubchem-SID:
243651961 Deposit Date: 16 March 2015 (hereinafter Pubchem), which discloses a compound represented by Formula |, wherein
R1 is aryl, which is unsubstituted phenyl; R2 is H; .

X1 is C1-alkyl; X2 is N; R4 is hydrogen; and R5 is heteroaryl (pg 2, structure).

The inventions of Group I+ further share the technical features of a pharmaceutical composition comprising a compound according to
Formula (1), (11}, (l1a)-(lid), (1), (IV) or (V), or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof.

This shared technical feature, however, does not provide a contribution over the prior art, as being obvious over Pubchem in view of US
2011/0172270 A1 to Torrens et al. (hereinafter Torrens).

Pubchem discloses a compound represented by Formula 1, as described above, but does not disclose a pharmaceutical composition
comprising said compound. However, Torrens discloses a compound analogous in structure to Formula (1), wherein the C(O)X1-
X2R1R2 attached to the ring nitrogen of piperidine is replaced by X1-C(0O)-X2R1R2, wherein X1 is CH2; X2 is N; R1 is aryl, which is
unsubstituted phenyl; R2 is H; R4 is H and R5 is aryl, which is substituted phenyl (para [0128], Example 7a) as having neuropeptide Y
receptor modulatory activity (para [0100]) and further teaches a pharmaceutical composition comprising said compound (para [0098]).
In view of the structural similarity of the Pubchem compound to the neuropeptide Y receptor modulator disclosed in Torrens, one of
ordinary skill in the art would expect the Pubchem compound to exhibit similar pharmacological activity and associated therapeutic utility
and therefore, it would have been obvious to one of ordinary skill in the art to formulate the Pubchem compound in a pharmaceutical
composition as disciosed in Torrens, in order to evaluate the therapeutic utility of said compound.

As said compound and compaosition were known in the art at the time of the invention, these cannot be considered special technical
features, that would otherwise unify the inventions of Group I+ or those of Groups |+-1I.

The inventions of Groups I+-ll, thus lack unity under PCT Rule 13.
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