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PROTEASOME ENHANCERS AND USES THEBREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001] This application claims the benefil of US. Provisional Appl. Ser.
No. 83/064 262, filed August 11, 2020, the entirety of which is incorporated by
reference as if fully sst forth herein,
5 STATEMENT OF GOVERMNMENT SUPPORT
16602] This invention was made with govemment support under
NST11347, AGOST308 and GMO92715 awarded by the Naticnal Institutes of
Health. The government has certain rights in the invention.
BACKGROUND

10 [G603] The reguiation of protein synthesis, degradation, foiding,
trafficking and aggregation within a cell are collsclively known as protegstasis.
Protecstasis is maintained by a wide array of cellular machinery that work to
gnsurg that proteins ars prasent in the proper location, amounts and form fo
perform thelr respective functions. Whan one of the pathways involvaed with

15 proisostasis becomss dysregulated there can be disastrous effects on the cell
and sven on neighboring cells. Ons increasingly prevalent exampile of this is seen
in nsurcdegensrative diseases, such as Parkinson’s disease (PD), Alzheimer’s
disease {AD), Huntinglon’s disease (HD) and amyotrophic lateral sclerosis (ALS).
In these neurodegenerative diseases, accumulation of specific aggregation-

20 prone proteins (hereafter referred 1o as intrinsically disordered proteins (IDPs)
{eads io toxic signaling and disruption of proteostasis caused by their uncontrolled
aggregation and cligomerization (hereafter, aggregation and oligomerization are
used interchangsably). For example, the IDP a-synuclein {a-syn) and iis
cligomers are associated with the pathogenesis of PD. 1DPs are named for their

25  lack of tertiary structure allowing them 1o adopt numercus conformations and
interact with multiple binding partners. 1BPs arg generally short-lived signaling
proteins or transcription faciors that ars highly bound to other cellular components
keeping free cyiosolic lavels low. Additionally, unbound IDPs are readily
degradsd by the 208 proteasome, the default proisase responsibie for IDR

30 digestion. The accumulation of IDPs sean in neurcdegenarative diseases can
begin as a resull of one of several disruptions {e.g. mutations, changes in
expression, oxidative stress, aging, proteasome impairmant, etc.) 1o their normal
ragulation. While a-syn may not be the sole cause of PD, there is strong evidence
supporiing its key role in the disease, including familial forms of PD resulting from

35  mutations in the SNCA gene. Elevated monomeric a-syn ievels are also known
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to cause apoptosis-inducing aggregation in nsurons. Additionally, oligomeric
forms of a-syn and other 1DPs have recently been shown o directly inhibit the
proteasome, further disrupting its ability 1o regulate 1DPs concentrations. These
data colisctively suggsst that the accumulation of o-syn and formation of

5  oligomeric specias of the IDP play a critical role in the progression of PD. Due o
a lack of defined binding pockets, IDPs such as a-syn, and their aggregation are
difficult 1o target through traditional small molecule drug design. There are
currently no effective treatments to hinder the progression of neurcdegensrative
diseases that are asscciated with 1DP accumulation.

10 BRIEF DESCRIPTION OF THE FIGURES

[0004] The drawings illustrate generaily, by way of example, but not by
way of limitation, various embodiments discussed herein.

[0005] FIG. 1A is a plot showing the rate of proteclysis of flucrogenic
peplide substrates by purified 208 and 268 proteasome in the presence of a

15 concentration respense (080 uM) of fluspiriiene. These data were coliscted in
iriplicate. Error bars denocte standard deviation.

{0008] FiG. 1B is a table showing the calculated Al and max fold
increases in activity over the vehicle contrel (n=3). These data were collected in
friplicate. Shown with calculated standard deviations.

20 (0007 FiG. 2A is a cartoon of the preferred docking site of acyl-
fluspirifene (16}, utilizing AutoDaock Vina, in the o2-3 intersubunit binding pocket
of the 208 proteasome’s a-ring.

{0008} FiGc. 2B a zoomad in image of compound 16 docked in the u2-8
intersubunit binding pockst.

25  [0009] FiGz. 3 is a plot showing the rale of proteciysis of fluorogenic

peptide substrates by purified 208 proteasome in the presence of a concentration

response (0-80 M) of fluspiriene analogues. These data were collecied in
triplicate. Error bars denote standard deviation.

{00101 FIGS. 4A-4D is a carioon of binding models of fluspirilene and

{FIG. 4A), compound 18 (FIG. 4B}, compound 11 {FIG. 4C), compound 20 {FIG.

400,

{0011} FiGG. BA is a plot showing extended Huorogenic peptide analysis of

N-acylated fluspirilens.

[
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{0012} FIG. 5B s 2 table showing the caloulated ACe and max fold
increases in activity over the vehicle coniral (n=3). These data were collected in
triplicate. Shown with calculated standard deviations.

{0013] FIGS. 8A is a representative silver stain Hlustrating fluspinlene’s

5  enhancemsnt of a-synuclein digestion by the 205 at 1, 3, and 10 M.

[0014) FIG. 68 is a bar graph showing the quantification of a-synuclein
digestions with fluspirilens (n=3).

[0015] FIG. 8C is a bar graph showing the quantification of a-synuclein
digestions with N-acylated fluspirilens (18} (n=5). Error bars dencie standard

10 devialion. Ordinary ons-way ANOVA siatistical analysis was used to determine
siatistical significance {ns=not significant, "p<0.05, “p<0.01, "p<0.001,
“*05<0.0001).

{00186] FiGc. 7A is a bar graph showing 208 FProteasome aclivity impaired
by o-syn mixed aggregaies in the presence of a concentration-gradient of

15 flugpirilena. FIGS. 7A-7H show proteasome aclivity assay: Prevention of o-
synuclein and amyloid bela (Abseta) oligomer-induced impairment of 208
proteasome activity towards fluorogsnic peplide substraies by fluspirilene and N-
acy! fluspiriiens. White bar = 205 + vehicle. Black bars = 208 + IDP oligomer {o-
syn or Abeta) + compounds.

20 0017 FiGz. 78 is a bar graph showing 208 Proteasome aclivily impaired
by a-syn mixed aggregates in the presence of a concentration-gradient of N-
acylated fluspirilens.

{o018] FiGG. 7C is a bar graph showing 208 Proteasome activity impaired
by amyloid beta mixed aggregates in the presence of a concentration-gradient of

25  fluspirilene.

{0019] FiG3. 7D is a bar graph showing 205 Proteasome activity impaired
by amylcid beta mixed aggregates in the presence of a concentration-gradient of
N-acylated fluspirilene. These data were collscted in triplicate (n=3). Errer bars
denote standard deviation. One-way ANOVA slatistical analysis was used

30 determine statistical significance.

{00201 FIG. 7E is a represantative wastern biot analysis of a-synuclein
cligomsr digestion with fluspiriene.

{0021] FIG. 7F is a bar graph showing the guantiiication of ramaining
oligomsric a-synuciein. Thess data were collected in triplicals (n=3).

35 [0022) FIG. 73 is a representative western blot analysis of a-synuclein

oligomsr digastion with N-acylated fluspirilens.
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{0023] FIG. 7H is a bar graph showing the quantification of ramaining
oligomeric a-synuclein (n=4). Error bars denote standard deviation. One-way
ANOVA siatistical analysis was used o determine statistical significance (ns=nut
significant, *p<0.05, ""p<0.01, "p<0.001, ™ p<0.0001).

5  [0024] FIG. 8 shows flugpirilene and N-acviated fluspirilens (18)
enhanced proteasomal degradation of cellular AS3T a-synuclein in fransiently
transfected HEK-293T cells.

SUMMARY
{0025] The disclosure relates to small molscules that enhancs

10 proisasome function and restore the activity of impalred proteasomes. Small
molecule proteasome enhancers prevent the foxic accumulation of aggregation-
prone proteing and prevent neurcnal cell death causad by aggregation-prone
profeing. The disclosure thersfore relatss o the use of small molecules as
therapsutic agenis (o treal nsurodegenerative diseasses. Nsurcdegensrative

15 dissases includs, bul are not limited to, Alzheimer's diseass (AD) and other
dementias, Parkinson’s diseass (PD) and PD-related disorders, Prion dissase,
Maotor neuron diseases (MND), Hunfington's disease (HD), Spinocerebellar
ataxia (SCA)}, Spinal muscular atrophy {(EMA).

DESCRIPTION

20 [0028] Currently, there are no available therapeutics 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
to be a biclogically active enhancer of mammalian proteasomes. The chemotype
described herein is based on fluspiriiene and derivatives thereof.

25  [0027) The disciosure relates to fluspirilens and derivates thereof, and
their use to, among other things, prevent or slow down the progression of
neurpdegenerative diseasss. The disciosure therefore refates to compounds of
the formula (B

RZZ
NN‘__,\

R‘i

N~ o
o
30 {H
or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
thersof, wherein:

R is alkyl, alkenyi, cycloakyl, aryl or hetgroaryh, and

£
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R®is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl.
[0028] An example of a compound of formula (I} is a compound of the
formula (a):

8 {ia}

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thersof, whersin:
R? is hydrogen, alkyl, oycloaikyl, aryl, heteroaryl, acyl, amido or ester; and
R* is hydrogen, alkyl, cycloalkyl, aryl, heteroaryi, acyl, amido or ester;

10 X'is alkyl or alkenyi;
X#is N or OR®, wherein R® is absent (e.g., when X' is alkenyl), hydrogen, alkyl or
aryl.
{0029] Another sxample of a compound of formula (1) is a compound of
the formula (lby:

RZ
F W
\::9\% . I NH
M L \
&XZ,.XYM L
1% 9
g
{
15 F
{ib)
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale
thareof,
{0030} Yet another sxampls of a compound of formuia {4} ars compounds

20 of the formulae (ic) and {d}:

Rz F
N

= R*
Rg J/ : NH i \‘N""\
X2 Y Py £ { NH
R4’ *Vj;\rf ~ O and , /\j\‘\f
N i X4 Y A
O } O
OSOMY
AN

{ic) {id)

(93]
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale
theraof,
whersin:
nis 0, 1or2.
5  [6031] Yet another sxampls of a compound of formuia {4} ars compounds

of the formulae (ig) and (H):

R? F
\N_'__\ i ,
& i \ R
R\; {/\i\ MNH T N

. 5 7 I WM
RA,X%mTN\/’ and ; /\j\{

R
O mfx\/l‘%
{ie) {if)

or a pharmaceutically acceptable salt, polymaorph, prodrug, sclvate or clathrate
thereof,
10 whersin:
gis0,1or2
{0032] Yet ancther example of a compound of formula {0} is a compound

of the formula {ig)h:

RZ
N
RE_IT N [ NH
N XN Y
U
7 ©
AU
RO
13 {ig)

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thersof,

wherein:

R2is hydrogen, alkyl, cycloalkyi, aryl or heteroaryi;

20 each R® is independently H, alkyl, halo, SR’ {wherein each R’ is H, alkyl, aryl,
acy! or heterocycivl), aming, OR’, or acy! {e.g., R"-C=0 or R*-C=0, wherein R® is
halo);

K'is alkyl {e.q., {CH2)r), wherein nis 0, 1, or 2, or alkenyl; and
X#is N or OR®, wherein R® is absent (e.g., when X' is alkenyl), hydrogen, alkyl or

25 aryl
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{0033) Yet another example of a compound of the formula () is a
compound of the formulae (k) and (i)
R2 g

N

N
RS ) ~ j’\(““ N
S N \ 5 N [ NH
\/l\,l/\lﬁr N R £ O\(
d o N
D
N ©

s

]
g i |
Rﬁ
{th) {1

or a pharmaceutically acceptabile salt, polymorsh, prodrug, solvale or clathrate
theraof,

whearein:

L

nis 0,1 or2;
R? is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl; and
gach R® is independently H, alkyl, halo, SR {wherein each R’ is H, alkyi, aryl,
acy! or heterocyeiyl), aming, OR7, or acyl (8.g., R-C=0 or R&-C=0, wherein R% is
10 halo).
{0034] I the compounds of the formulas (U and (a)-(1), the alkyl, alkenyl,
cycloalkyl, aryl, and hetercaryl groups of R' can be unsubstituted or substituted
as described herein. For example, when the alkyl, cycloalkyl, arvl, and heteroaryl
groups of R’ are substituted, they can be substituted with halo {e.g., Cl, Br, and
15 F), amino, OR®, wherein B® is hydrogen, alkyl, aryl or arylalkyl, S(Q),, wherein x
is 0,1 or 2, acyl, amide or heterocyclyl,
{0035] In the compounds of the formulas (I} and {(a)-{li), the alkyl,
cycioalkyl, aryl, and heteroaryl groups of R® can be unsubstituted or substituied
as described hergin. For example, when the alkyl, cycloalkyl, aryl, and heleroaryl
20 groups of R? are substituted, they can be substituted with halo (s.g., Cl, Br, and
F), aming, OR®, whergin R® is hydrogen, alkyl, aryl or arylalkyl, ${O), whersin x
is 0, 1 or 2, acyl, amido or heterocyclyl,
{0038] In the compounds of the formulas (I} and (a)-(li), the alkyl,
cycloalkyl, aryl, heteroaryl, acyi, amido or ester groups of B® can bs unsubstituted
25  or subsiifuled as described herein. For example, when the alkyl, cycloaikyl, aryl,
hetercaryl, acyl, amido or ester groups of R are substituied, they can be
substituted with halo {e.g., Ci, Br, and F), amino, OR®, wherein R® is hydrogen,
alkyl, cycloalkyl, aryl or arylalkyl, S{Q),, whersin x is 0, 1 or 2, acyl, amido or
heterocyciyl.

~3



WO 2022/035902 PCT/US2021/045446

{0037] In the compounds of the formulas (I} and (a)-(li), the alkyl,
cycioalkyl, aryl, heteroaryl, acyl, amido or ester groups of R* can be unsubstituted
or substituted as described herein. For example, when the alkyl, cycloalkyl, aryl,
hetercaryl, acyl, amido or ester groups of R* are substituied, they can be
5 substituted with halo {s.q., Cl, Br, and F}, amino, ORS, wherain B® is hydrogen,
alkyl, cycloalkyl, aryl or arylakyl, S{Q),, wherein x is 0, 1 or 2, acyl, amido or
heterocyciyl.
[0038] Examples of compounds of the formulae (I} and (la)-(Iiy inciude,

but are not limited to, compounds of the formulas:

10

. and
pharmaceutically acceptable salts, polymorphs, prodrugs, scivates or clathrates
thersof.
{0039] The disclosure also relaies to a compound of the formula (1)
A 1
N xz’X\F’N\/!
r,;:;% O
i
NV
\RG

{n
or a pharmaceutically acceptabile salt, polymorsh, prodrug, solvale or clathrate
theraof,

wherein:
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each R® is independently H, alkyl, halo, SR’ {whersin each R’ is H, alkyi, aryl,
acy! or heterocyelyl), aming, ORY, or acyl {e.g., R™-C=0 or R3-C=0, wherein R¥ is
halo);
X'is alkyl {e.q., «{CHalr) or alkenyl;

5 Xfig Nor CR® wherein R%is absent (a.g., when X' is alkenyl), hydrogen, alkyl or
aryl; and
X3 NR? or C{R%),, wherein R® is H, alkyl {e.g., arvialkyl), acyl (e.g., arylalkyl
carbonyt and heterooyciyl carbonyl), aryl, benzyi or heterocyclyl.

10040] Examples of compounds of the formula (i} include:

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereot, wherein sach R®is independently H, akkyl, halo, SR {(wherein each R" is
H, atkyl, aryi, acyi or heterocyclyly, amino, OR’, or acyi (8.g., R'-C=0 or RE-C=(,
15 whersein R®is halo). For exampie, in each instance, R® can independently be F or

CFs.
[0041] The disclosure aiso relaies to a compound of the formula (i)
E//\/?E/Y%R:gg
YN
RO
(8]
{Hh

20 wherein:

(o]
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Yis alkyl {e.g., CHz), NR® or O, whersin R is hydrogen, alkyl, cycloalkyl, aryl,

heteroaryl, or heterocyclyt;

Y*is alkyl {e.q., CHz), NR8 or O;

R%ig hydrogen, aming, alkyl, cycloalkyl, aryl, hetercaryl {(8.g., heterocyelyl),

5 CH{R®%,, CHzR® OR® NHR® or S{OLR®, wherein sach alkyl, cycloalkyi, aryl,

heteroary! is oplionally substituted with, .., groups including halogen {e.g., Cl,

Br, and F), aryl, amino, alkoxy, S{Q),, wherein x is 0, 1 or 2, acyl, amido or

heterocyciyl; and

R'%hydrogen, amino, akyi, cycloalkyl, aryl, hetercaryl (e.g., hetsrocyelyl) or
10 CH(R%),, CHuR® OR° NHR® S{OR® wherein each alkyl, cycloalkyl, aryl,

heterparyl is optionally substituted with, e.g., groups including halogen {e.g., Cl,

Br, and F}, aryl, amino, alkoxy, S{0), wherein x is 0, 1 or 2, acyl, amido or

heterocyciyl. In compounds of the formula (1), B>-Y" can form the same groups

or differgnt groups as R'°-Y2 In compounds of the formula (i), Y' can be O or
15 NR® whersin R® can be alky! or cycloatkyl.

{0042} Compounds of the formula () include compounds of the

formulas:

(\N"YERW l/\m”ygs{m Re l/\N”"lsz
J :

Rs\(mv Rgfo\F/N\/J Rgfi\ls\rrm\/’
o o j o
-X 2
Y= W /Y: 16
A Y R
é\\/!i ¥l oN_
r/A\E\‘fY\R10 A\!./ \T/ o
R9 ,—Y1 N\V// F:,’:\W Q
wr 24
R® 0 X ,
J/’\\P}E/Y\RAW
r’qu’N\/:
i i
= 2 o G
//\) AN/ \R‘m \’?f‘)\’lz
{ i /A\
=N © 2

20 L\\/"i/ , -4

10
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J/"\N/YERAHQ
r//\N/‘Y:.R—EQ )?”W\ Y1\I]/N‘\,«/j
1 A
Y e e
N 0 N
. 2
(/“\N/YZ\RrEQ K\E\I‘E/Y“R'iﬁ
Y w Y
i - i
i? N ‘J‘\Y-;Z e} 3% 7’ = Y]
- -
X2
" 1 g\f RW E\?EfYERm
%l‘?' L N He‘tz/ylﬂ/hj\/j
1A -~
Het Y,Z o , and Het! O

or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate

theraof wherain:

L

gach of the foregoing compounds can b further substituted;

Y'is aliyl (8.g., CHz), NR® or O, wherein R¥ is hydrogen, alkyl, cycloalkyi, aryl,

heteroaryl, or heterocyclyl;

R%is hydrogen, amino, alkyl, cycloalkyl, aryl, hetsroaryl (e.g., heterocyclyl),
10 CH(R%,, CHLR® ORS, NHR® or S(O)R® wherein each alkyl, cycloakyl, aryl,

hetercary! is optionally substituted with, s.g., groups inciuding halogen {8.g., Cl,

Br, and F), aryl, amino, alkoxy, S{O),, whersin x is 0, 1 or 2, acyl, amido or

heterceyciyl;

Wis N or C-R®; Xis Nor G-R* Y is N or C-B*; and Z is N or C-R™; wherein
15 each R¥isindependently H, halo, alkyl, haloalky! (2.g., CF3), alkoxy (e.g., -OR,

wherein R is alkyl, cycloalkyl or aryl, heteroaryl, acyl, amide or carbamaig) or

hetarocyciyl {.g., heteroaryl}; and

Het' and Het® are each, independently, a heterocyclyl group, such as furanyl,

thiopheny!, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl, thiazolyl, pyridinyl,
20 pyrimidinyl, and the like.

{0043} Tha disclosurs also relates to a compound of the formula (1V):

wherain:

12
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X* is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
hetercoyciyl;
X¥ is CR® or N, wherein R® is hydrogen, alkyl, cycicalkyl, arvl, heteroaryl, or
hetsrocyciyl;
5  each RBisindependeantly M, acyl, carboxyl or C{OIRE, whergin REis H, alkyl, acyl,
aryl, benzyl or heterooyciyl;
R*is hydrogen, amino {e.q., NRSR®), alkyl, cycloakyl, aryl, hetercaryl, acyl {s.g.,
C{OR), thivacyl! {e.g., RMC(S)), RMUCINR'™), amide or carbamats, each of which
alkyl, cycloalkyl, arvl, hetercaryl, acyl, amido, and carbamate is optionaily
10 substiluted with cycloalkyl, aryl, heleroaryl, each of which cycloalkyl, aryl, and
heterparyl is optionally substituted with halogen {(s.g., Cl, Br, and F}, aming,
alkoxy, S{O), wherein x is 0, 1 or 2, acyl, amido or heterccyclyl; and
R'*™is hydrogen, aming, alkyl, cycloalkyl, aryl, hetersaryl, acyl (e.g., C{OWRY,
thicacy! {e.g., R"C(8)), RC{NR™), amido or carbamats, each of which alkyl,
15 cycloalkyl, aryl, heterparyl, acyl, amido, and carbamate is optionally substitutad
with cycloalkyl, aryl, heteroaryl, sach of which cycloalkyl, aryl, and helercary! is
optionally substituted with halogen {(e.g., Cl, Br, and F), amino, alkoxy, S{Qx,
wharein x is 0, 1 or 2, acyl, amido or heterocyelyi; or
R® and R, together with the atoms o which they are each aftached, form a
20 heterocyciyl group. In compounds of the formula (IV), R can form the same
groups or different groups as R,
[0044] in compounds of formula ((V), at lsast one of R and R can be
acyl, sach of which can be substituted with a group R%Y'-, as the group is defined
in compounds of the formula (). In the compounds of the formula (IV), the

25  compound can be a compound of the formula:

o 15
. 15 R 15 gts R
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e Y e
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! H i /E‘:é ]
N N ~No N R4 \H
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pharmaceutically acceptable salt, polymorph, prodrug, sclvate or clathrate
thereof. In the compounds of the formuia (1Y), the compound can be a compound

3¢ of the formula:
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R , and e ¢r a pharmaceutically acceptabie

salt, polymorph, prodrug, solvate or clathrate thereof.
{0045] Compounds of the formula (1Y) include compounds of the

formulae:
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or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
thersof wherain:

gach of the foregoing compounds can b further substituted;

L

Y'is alkyl {8.g., CHz), NR® or O, wherein RE is hydrogen, alkyl, cycloalkyl, aryl,

hetercaryl, or heterocyclyl;

R¥is hydrogen, aming, alkyl, cycloalkyl, aryl, heteroaryl {e.g., heterocyclyl),

CH{R®), CHR®, OR®, NHR® or S{O)R®, wherein each alkyl, cycioakyl, aryl,
13 hetercaryl is optionally substituted with, &.g., groups inciuding halogen {s.g., Cl,

Br, and F), aryl, aming, alkoxy, S{0),, whersin x is 8, 1 or 2, acyl, amido or

hetasrocyciyl;

Wis Nor C-B® Xis Nor C-B* Yis Nor C-R* and Z is N or C-B* wherein

each R¥is independently H, halo, alkyl, halealky! (8.g., CFs), alkoxy (e.g., -OR%,
15 wherein R% is alkyl, cycloalkyi or aryl, heteroaryl, acyl, amide or carbamais) or

hetarocyciyl {.g., heteroaryl}; and

Het' and Het® are each, indepsndently, a heterocyclyl group, such as furanyl,

thiopheny!, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl, thiazolyl, pyridinyl,

pyrimidinyl, and the like. An exampie of such compounds includss a compound

20 of the formula:

16
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a pharmaceutically acceptable salt,

polymarph, prodrug, solvate or clathrate thereof,

5  [00486]) Compounds of the formula (V) include compounds of the
formulas:
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a pharmaceuticaily acceptable salt, polymorph, prodrug, solvate or clathraie
thereof wherein:
each of the foregoing compeunds can be further substituted;
Y'is alkyl {e.g., CHg), NR® or O, wherein R® is hydrogen, alkyl, cycloalkyl, aryl,
hetercaryl, or heterocyclvi;
R%is hydrogen, amino, alkyl, cycloalkyl, aryl, hetercaryl (e.g., heteracyclyl),
CH{R®,, CH:R®, OR®, NHR® or S{ONR® wherein each alkyi, cycloakyl, aryl,
heterparyl is optionally substituted with, e.g., groups including halogen {e.g., Cl,
Br, and F), aryl, amino, alkoxy, S{O), wherein x is 0, 1 or 2, acyl, amido or
heterocycivl;
Wis Nor G-R*; XisNor C-R™ Yis N or C-R%, and Z is N or C-R*™,; wherein
gach R™ is independently H, halo, alkyl, haloalkyl {e.g., CF3), alkoxy {a.g., -OR%,
wherein R is alkyl, cycloalky! or aryl, heterocaryl, acyl, amide or carbamate) or
heterocyclyl {8.g., heteroaryl); and
Het' and Het® are sach, independently, a hsterocyclyl group, such as furanyl,
thiophenyl, pyrrolyl, pyrazolyl, imidazolyl, triazelyl, oxazolyl, thiazolyl, pyridinyl,
pyrimidiny, and the like. Examples of such compounds include compounds of the

formulae:

19
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and

5 a pharmaceutically acceptable salt, polymorph, prodrug, solvale or clathrate

thereof.
[0047] Compounds of the formula (V) include compounds of the
formulae:
X3 x8 x8
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or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
thereof wherein:
sach of the foregoing compounds can be further substituted;
10 Y'is alkyl {(e.g., CHa), NRB® or O, wharein RY is hydrogen, alkyl, cycloalkyl, aryl,
hatercaryl, or heterocyclyl;
R>is hydrogen, amino, alkyl, cycloalkyl, aryl, hetsroaryl {e.g., hetgrocyclyl),
CH(R®),, CHaR®, OR®, NHR® or S{ONR°, wharein each alkyi, cycloakyl, aryl,
hetercaryl is optionally substituted with, .g., groups including halogen {e.q., Cl,
15 Br, and F), aryl, amino, alkoxy, S{(0O), wherein x is 0, 1 or 2, acyl, amido or
heterccyciyl;
Wis Noor C-R%: Xis Nor O-R%: Yis N or C-R" and Z is N or C-R*: wherein
each R™is independently H, halo, alkyl, haloalkyl (g.g., CF3), alkoxy (e.g., -OR%,

22
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whergin R g alkyl, cycloalkyl or aryl, heteroaryl, acyl, amide or carbamaig) or

heterocyciyl {e.g., hetercaryl); and

Het! and Het? are each, indepandently, a heterocyclyl group, such as furanyl,

thiopheny!, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl, thiazolyl, pyridinyl,
5  pyrimidinyl, and the like.

[0048] The disclosure also relates 1o a compound of the formula (V)

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

whergin:

X'is alky! {e.q., -{CHz)r) or atkenyl;

R? is hydrogen, alkyl, cycloalkyl, aryl or heteroaryi;

R'*is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or carbamate, each
15 of which alkyl, cycloakyl, aryl, heterpary!, acyl, amido, carbamate is optionally

substituted with cycloalkyl, aryl, heteroaryl, sach of which cycioalkyl, aryl, and

hetsrearyl is optionally substiluted with halogen {e.g., Cl, Br, and F), aming,

alkoxy, S(0O),, wherein x is 0, 1 or 2, acyl, amido or haterooyciyl;

R'¥is hiydrogen, alkyl, oycloalkyl, aryl, hetercaryi, acyl, amido or carbamate, sach
20 of which alkyl, cycloakyl, aryl, hetercaryi, acyl, amido, carbamate is optionaily

substituied with cycloalkyl, aryl, heteroaryl, each of which cycloatkyl, aryl, and

hetercaryl is optionally substituted with halogen (e.g., Cl, Br, and F), aming,

alkoxy, S{O), wherein x is §, 1 or 2, acy!, amido or heterccyclyl; and

R8s H, acyi, carboxy! or C{ORE, wherein R® is H, alkyl, acyl, aryl, benzy!l or
25  hetercoycivl; or

R4 and R'® ar R'® and R'S, together with the atoms 1o which they are each

attached, form a cyclic group (g.g., a cycloalkyl and a hetasrocyclyl group).

[0049] In compounds of the formula (V), at least one of R™ and R is

halogenated aryl {8.4g., para-halogenated, as in para-fluore), such as, 8¢, a
30 compound of the formula:
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale

thereof.

{0050 In compounds of the formula (V) R'® can be C{OIR®, such that the
5  compound of the formula (V) is a compound of the formula:

R"i[/x* .
R’ES L
=3

or a pharmaceutically acceptabile salt, polymorsh, prodrug, solvale or clathrate

theraof.
{0051] The disclosure also relalss to a compound of the formula (Vi
RZ
N
R‘K’i “"\NH
KON A
gi7” G
10 R’HS R’ES
(Vi)

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale
thereof,
whersgin:
15 X'is alkyl {e.g., {CHa)o-) or alkenyl;
R2is hydrogen, alkyl, cycloalkyi, aryl or heteroaryl;
gach R'% is H, acyl, carboxyl or C{O)R®, wherein R is H, alkyl, acyi, aryl, benzyl
or heterooyciyl;
R s hydrogen, alkyl, oycioaltkyl, aryl, hetercaryl, acyl, amido or carbamate, each
20 of which alkyl, cycloakyl, aryl, hetercaryi, acyl, amido, carbamate is cptionaily
substituied with cycloalkyl, aryl, hetsroaryl, each of which cycloalkyl, aryl, and

24
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10

15

hetsrearyl is optionally substiluted with halogen {e.g., Cl, Br, and F), aming,
alkoxy, S{O), wherein x is 0, 1 or 2, aeyl, amido or heterocyeiyl;

R'¥is hydrogsen, akyl, OR'® (wherein R is hydrogen, alkyl, cycloalkyl, aryl or
hetercaryl) cycloalkyl, aryl, heteroaryl, acyl, amido or carbamate, each of which
alkyl, cycloalkyl, aryl, heteroaryl, acyl, amido, carbamate is optionally substituted
with cycloalky!, aryl, hetercaryl, each of which cycloalkyl, aryl, and hetergary! is
optionally substituted with halogen {e.g., Cl, Br, and F), amino, alkoxy, S(O)x,
wherein x is 0, 1 or 2, acyl, amido or heterocyelyl; or

R and R'8 together with the atoms to which they are attached, form a cycloalkyl,

ary! or heterocyelyi group. In one example, OR'® forms a hetsroaryl group of the

ormula:

;or
R® and R'® togsther with the atoms to which they are each attached, form a
heterocyciyl group.

[0052] in compounds of the formula (V1) R'® can be C{O)R®, such that the

compound of the formula (V1) is a compound of the formula:

RZ
RNNH
X! N !
-
RO
ROl R
or a pharmaceutically acceptabile salt, polymorsh, prodrug, solvale or clathrate
thersof,
[0053] The disclosure also relates 1o compounds of the formula:
18
x50
R'ES
YL\Q
x4 A
e Y\RTE
R13

or a pharmaceutically acceptable salt, polymaorph, prodrug, sclvate or clathrate
thereof,

wherain:

25
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X* is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
hetercoyciyl;
X¥ is CR® or N, wherein R® is hydrogen, alkyl, cycicalkyl, arvl, heteroaryl, or
hetsrocyciyl;

5  each RBisindependeantly M, acyl, carboxyl or C{OIRE, whergin REis H, alkyl, acyl,
aryl, benzyl or heterooyciyl;
R*is hydrogen, amino {e.q., NRSR®), alkyl, cycloakyl, aryl, hetercaryl, acyl {s.g.,
C{OR), thivacyl! {e.g., RMC(S)), RMUCINR'™), amide or carbamats, each of which
alkyl, cycloalkyl, arvl, hetercaryl, acyl, amido, and carbamate is optionaily

10 substiiuted with cycloalkyl, aryl, helsroaryl, each of which cycloalkyl, aryl, and
heterparyl is optionally substituted with halogen {(s.g., Cl, Br, and F}, aming,
alkoxy, S{O), wherein x is 0, 1 or 2, acyl, amido or heterccyclyl; and
R and R'® are each, independently, hydrogen, aming, alkyl, cycloalky!, aryl,
heteroaryl, acy! {(e.g., CIOIRY, thicacyl {s.g., R¥C{S), RUC{NR™), amido or

15 carbamats, each of which alkyl, cycloalkyl, aryl, hetercary, acyl, amido, and
carbamats is opticnally substitulsd with cycloalkyl, aryl, hetercaryl, sach of which
cycloalkyl, aryl, and heteroaryl is optionally substituted with halogen (s.g., Cl, Br,
and F}, aming, alkoxy, S(0),, whersin xis 0, 1 or 2, acyl, amido or heterceyciyl;
or

20 RYand R, together with the atoms to which they are each aitached, form a
heterccyclyl group; or
R and R'C, together with the atoms fo which they are each attached, form a
cycloalkyl, heterocyalyl or aryl group. An example of such a compound is a
compound of the formula:

Rﬁ

4
7/

7N

0.0
h

e

prodrug, solvate or clathrate thereof.

F

25 F or a pharmaceutically accepiable salt, polymorph,
[0054] This disclosure also contemplates pharmaceutical compositions
comprising one or more compounds and ons or more pharmaceutically
acceptable excipients. A “pharmaceutical composition” refers to a chemical or

30 biclogical composition sultabls for administration to a subject {e.g., mammal).

26
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Such compositions can be speciiically formulated for administration via one or
more of a number of routes, including but not limited o buccal, cutaneous,
epicutaneous, epidural, infusion, inhalation, intraarterial, intracardial,
intracershroventricular,  intradermal, intramuscular, intranasal, intraccular,

5  intraperitoneal, intraspinal, intrathecal, intravencus, oral, parenteral, pulmonary,
rectally via an enema or supposilory, subcutaneous, subdermal, sublingual,
transdermal, and iransmucosal. In addition, administration can by means of
capsule, drops, foams, gel, gum, injection, liquid, patch, pill, porous pouch,
powder, tablet, or other suitable means of administration.

10 [005S] A "pharmaceutical excipient” or a “pharmacsutically acceptabis
gxcipient” is a carrier, somstimas a liquid, in which an active therapsutic agent is
formulatsd. The excipisnt gensrally does not provide any pharmacological activity
to the formulation, though it can provids chamical and/or biological stability, and
relsase characieristics. Examples of suitable formulations can be found, for

15 sxampls, in Remington, The Science And Practice of Pharmacy, 20th Edition,
{(Gennaro, A R, Chief Editor), Philadeiphia College of Pharmacy and Science,
2000, which is incorporated by reference in s entirety.

{0056] As used harein “pharmaceutically accepiable carrier” or "excipient”
includes, but is not limited 1o, any and all solvents, disparsion media, coatings,

20 antbacterial and antifungal agents, isotonic and absorption delaying agents that
are physiologically compatible. In one embodiment, the carrier is suitable for
parenteral administration. Alternatively, the carrier can be suitable for
intravenous, intraperitoneal, intramuscular, sublingual, or oral administration.
Pharmaceutically acceplable carriers include sterile agueous solutions or

25  dispersions and sterile powders for the extemporanecus preparation of sterile
injectable sciutions or dispersion. The uss of such media and agenis for
pharmacesutically active substances is well known in the arl. Except inscfar as
any conventional media or agent is incompatible with the active compound, use
thereof in the pharmaceutical compostitions of the invention is contempilatad.

30  Supplementary active compounds can also be incorporated into the
compositions.

{0057] Pharmaceutical compositions can be sterile and stable under the
conditions of manufacture and storags. Ths composition can be formulatad as a
solution, microemulsion, liposomes, or other ordered structurs suitable to high

35 drugconcentration. The carrier can be a solvent or dispersion medium containing,
for sxample, water, ethanol, polyal {(8.q., glycerol, propylens glyeol, and liguid
polyethylene glycol), and suitable mixtures thereot. The proper fluidity can be
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maintained, for example, by the use of a coaling such as lecithin, by the
maintenance of the required particle size in the case of dispersion and by the use
of surfaciants.
{0058} In many cases, it will ha preferable o include isotonic agents, for
5  example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chioride in
the composition. Prolonged absorption of injectable compositions can be brought
about by including in the composition an agent which dslays absorption, for
example, monostearate salts and gelatin, Moreover, the compounds described
herein can be formulated in a time release formulation, for example in a
10 composition that includes a slow relsase polymer. The active compoeunds can be
prepared with carriers that will protect the compound against rapid release, such
as a controlled release formulation, including implants and microencapsulated
delivery sysiems. Biodegradabls, biocompatible polymers can be used, such as
sthylens  vinyl acetate, polyanhydrides, polyglyeolic  acid,  collagen,
15 polyorthoesters, polviactic acid and polviactic, polyglveslic copalymers (PLG).
Many methods for the praparation of such formulations are known to those skills
in the art.
{0059] Oral forms of administration ars also contemplated hersin. The
pharmaceutical compositions of the prasent invention can be orally adminisisred
20 as a capsule (hard or soft), tablet {film coated, enteric coated or uncoated),
powder or granules (coated or uncoaied) or liguid (solution or suspension). The
formulations can be conveniently prepared by any of the methods well-known in
the art. The pharmaceutical compositions of the present invention can include
gre or more suitable production aids or excipients including fillers, binders,
25  disintegrants, lubricants, diluents, flow agents, buffering agents, moistening
agents, preservatives, colorants, sweeteners, flavors, and pharmaceutically
compatible carriers.
{00607 For each of the recited embediments, the compounds can be
adminisigred by a variety of dosage forms as known in the arl. Any bislogicaliy-
30  acceptabls dosags form known o persons of ordinary skill in the ari, and
combinations therecf, are contsmplated. Examples of such dosags forms includs,
without fimitation, chewable tablets, quick dissolve tablets, effervescent tablets,
raconstitutable powders, slixirs, liquids, solutions, suspensions, emulsions,
tablsts, multi-layer tablets, bi-layer tablels, capsulas, sofi gelatin capsules, hard
35  gelatin capsules, caplets, lozenges, chewable lozenges, beads, powdesrs, gum,
granules, particles, microparticles, dispersible granules, cachets, douchss,

suppositories, creams, topicals, inhalants, aerosol inhalants, patches, particle
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inhalants, implants, depot implants, ingestbles, injectables {including
subcutaneous, intramuscular, intravenous, and intradermal), infusions, and
combinations thereof.
{0081] Cther compounds which can be included by admixture are, for
5  example, medically iner ingredienis {e.q., solid and liquid diluent), such as
laciose, dextrosesaccharose, cellulose, starch or calcium phosphate for tablets
or capsules, olive oil or ethyl oleate for soft capsules and water or vegstable oil
for suspensions or emulsions; lubricating agents such as silica, tale, stearic acid,
magnesium or calcium stearate and/or polyethylene giveols; geliing agents such
10 as colloidal clays; thickening agents such as gum tragacanth or sodium alginate,
binding agenis such as starches, arabic gums, gelatin, methyicellulose,
carboxymethylcellulose or polyvinylpyrrolidene; disintegrating agents such as
starch, alginic acid, alginates or sodium starch glycolate; effervescing mixiures;
dyestuff; swesiensrs; wstting agents such as lecithin, polysorbates or
15 lauryisulphates; and cther therapeutically acceptable accsssory ingradients, such
as humectants, praservalives, buffers and antioxidants, which arg known
additives for such formulations.
{0082} Liguid dispersions for oral administration can be syrups,
smulsions, solutions, or suspensions. The syrups can contain as a carrier, for
20 example, saccharose or saccharose with glycerol and/or mannitel and/or sorbitol.
The suspensions and the emulsions can contain a carrier, for example a natural
gum, agar, sodium alginate, pectin, methyicelivlose, carboxymethvicellulose, or
polyvinyl alcohol.
{0063] The amount of active compound in a therapesutic composition
25  according to various embodiments of the present invention can vary according 1o
factors such as the disease state, age, gender, weight, patient history, risk
factors, predisposition tc disease, administration route, pre-existing treaiment
regime (e.g., possible interactions with other medicaticns), and weight of the
subject. Dosage regimens can be adjusisd o provide the optimum therapeutic
30  response. For example, a single bolus can be administered, ssveral divided
dosss can be administered over time, or the dose can bes proportionally reduced
or increased as indicataed by the exigencies of therapeutic situation.
{0064 A “dosage unit form,” as used hersin, refers o physically discrete
units suited as unitary dosages for the mammalian subjects o be treated; each
35  unit confaining a predetermined guantity of active compound caiculatad o
produce the dasired therapeutic effect in association with ths required

pharmacsutical carrier. The specification for the dosage unit forms of the
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invention are dictated by and directly depandent on the unique characiaristics of
the active compound and the particular therapsutic effect to be achieved, and the
fimitations inherent in the art of compounding such an aclive compound for the
treatment of sensitivily in subjects. In therapsulic use for reatment of conditions
5 inmammals (g.g., humans) for which the compounds of the present invention or
an appropriate pharmaceutical composition thereof are effeciive, the compounds
of the present invention can be administered in an effective amount. The dosages
as suitable for this invertion can be a composition, a pharmaceutical composition
or any other compositions described herein.
10 [B06S] For sach of the recited embodiments, the dosage is typically
administered once, twice, or thrice a day, although more frequent dosing intervals
are possible. The dosage can be administered every day, every 2 days, evary 3
days, every 4 days, svery 5 days, every 8 days, and/or every 7 days {oncs a
waak). in one smbodiment, the dosags can be administered daily for up to and
15 including 30 days, preferably betwsen 7-10 days. In angther embodiment, the
dosage can be administersd 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 sympioms persist. The patient can raquire "maintenance
treatment” where the patient is receiving dosages every day for months, years,
20 orthe remainder of their lives. In addition, the composition of this invention can
be to effect prophylaxis of recurring symptoms. For example, the dosage can be
administered once or twice a day o prevent the onset of sympioms in patients at
risk, especially for asympiomatic patients.
[0066] The absolute weight of a given compound included in a unit dose
25  for administration o a subject can vary widely. For example, about 0.0001 1o
about 1 g, or about 0.001 to about 0.5 g, of at least one compound of this
disciosure, or a piurality of compounds can be administered. Altematively, the
unit dosage can vary from about 0.001 g to about 2g, from about 0.005 g to about
(.5 g, from about 0.01 g to about 0.25 g, from about 0.02 ¢ to about 0.2 g, from
30 about 0.03 g to about 0.15 g, from about 0.04 g to about 0.12 g, or from about
0.05 g to about 0.1 .
{0067} Daily doses of the compounds can vary as well. Such daily doses
can rangs, for example, from about §.01 g/day to about 10 g/day, from about .02
g/day to about 5 g/day, from about 0.03 g/day to about 4 g/day, from about 0.04
35  g/day to about 3 g/day, from about 0.05 g/day to about 2 g/day, and from about
(.05 g/day to about 1 g/day.
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jooes] it will be appraciaied 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 patieni. Ullimately the attendant health care provider may
5  determine proper dosage.
[0069] The compositions described herein can be administered in any of
the following routes: buccal, epicutaneous, epidural, infusion, inhalation,
intraarterial, intracardial, intracerebroventricular, intradermal, intramuscular,
intranasal, intraocuiar, intraperitonsal, intraspinal, intrathecal, intravenous, cral,
10 parenteral, pulmonary, rectally via an ensma or supposilory, subcutansous,
subdermal, sublingual, fransdermal, and transmucosal. The preferred routss of
administration are buccal and oral. The administration can be local, where the
composition is adminisiered directly, close 1o, in the locality, near, at, about, or in
the vicinity of, the site{s) of diseass, s.g., inflammation, or systemic, whersin the
15 composition is given to the patient and passes through the body widely, thereby
reaching the site(s) of diseass. Local administration can be administration fo, for
example, tissue, organ, and/or organ system, which encompasses and/or is
affected by the disgase, and/or where the disease signs and/or symploms are
active or are likely 1o occur. Administration can be topical with a local effect,
20 composition is applisd directly where s action is desired. Adminisiration can be
erteral wherein 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 routes than the digestive tract.
[0o70] The compaositions can include the compounds described herein in
25  a "herapsutically effective amount.” Such a therapeutically effective amount is
an amount sufficient 1o obtain the desired physiclogical effect, such as a reduction
of at least one symptom of cancer or an inflammatory disease or condition.
{0071} The compositions contemplated herein can contain  other
ingredients such as chemotherapeutic agents, anti-inflammatory agents, anti-
30 viral agents, antibacterial agents, antimicrobial agents, immunomodulatory drugs,
such as lenalidomide, pomalidomide or thalidomide, histone deacetylase
inhibitors, such as pancbincstat, pressrvatives or combinations thereof.
{00721 This  disclosurs  also  includes  methods  for  irsaling
neurpdegenerative diseasss, such as Parkinson’s dissase, Alzheimer's diseass,
35  Huntinglon’s disease, and ALS, comprising adminisisgring a therapeutically
effective amount of at lzast one of the compounds described herein (8.g.,

fluspirilene or compounds of the formulas (), (1a)-(), and (-(V1)) to a subject in
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need thergof. This disclosure also includes methods for reducing, substantially
eliminating or eliminating dysreguiation of proteostasis comprising administering
a therapeutically effective amount of at lzast one of the compounds described
herein {s.q., fluspirilene or compounds of the formulas (), (a)-(0), and K-Vl
5  a subject in need thersof. This disclosure also includes methods for reducing,
substantially eliminating or eliminating the accumulation of intrinsically disordered
proteins {e.q., a-syn} comprising administering a therapeudically effective amount
of at least one of the compounds described herein {e.g., fluspirilene or
compounds of the formulas {1}, (la)-(ii}, and (1}-(V1}) 1o a subject in need thersof,
10 [0073] As used hersin, the terms “ireal” and “reating” are not limited to
the case whers the subjsct (8.g. patient) is cured and the diseass is sradicated.
Rather, treatment that merely reduces symptoms, and/or delays disease
progression is also contemplated.
{0074] The pharmaceutical compositions disclosed herein can have the
15 ability to sffectively treal new patient segments where proteasome inhibition and
reducad toxicity is desired or warranted.
[0075] The compounds and methods described herein can be used
prophylactically or therapeutically. The term “prophyiactic”™ or “therapsutic”
treatment refers to adminisiration of a drug o a host before or after onget of a
20 disease or condition. If it is administered pricr to dinical manifestation of the
unwanied condition {e.g., disease or other unwanted state of the host animal)
then the treatment is prophylaciic, i.e., it protects the host against developing the
unwanted condition, whereas if administered afier manifestation of the unwanted
condition, the treatment is therapeutic (.e., it is intended to diminish, ameliorate
25 ¢or maintain the existing unwanted condition or side seffects therefrom).
Administering the compounds described herein (including enantiomers and salls
thereof) is contemplated in both a prophyiactic treatment {e.g. 1o patients at risk
for disease, such as eiderly patients who, because of their advancing ags, are at
risk for arthritis, cancer, and the lke) and therapeutic treatment {e.g. io palients
30 with sympioms of disease or to patients diagnosed with diseass).
{0078} Tha term “therapsutically effsctive amount” as used hersin, refers
to that amount of ane or mare compounds of the various examples of the present
invention that slicits a biclogical or medicinal response in a tissue system, animal
or human, that is being scught by a researcher, veterinarian, medical docior or
35  other clinigian, which includes alleviation of the symptoms of the disease or
disorder being treated. In some sxamples, the therapeutically sffective amount is

that which can treat or alleviate the disease or symptoms of the disease at a
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raasonable benafitrigk ratio applicable o any medical treatment. However, it is
to be understood that the total daily usage of the compounds and compositions
descitbed herein can be decided by the atlending physician within the scope of
sound medical judgment. The specific therapeutically-effective doss levs! for any
5  particular patient will depend upon a variety of factors, including the condition
being treated and the severity of the condition; activity of the specific compound
employed; the specific compaosition employed; the age, body weight, general
health, gender and diet of the patient: the lime of administration, route of
adminisiration, and rate of excretion of the spscific compound employed; the
10 duration of the realment; drugs used in combination or coincidentally with the
specific compound smploysd; and like factors well known fo the researcher,
vetsrinarian, medical doctor or other dlinician. 1t is also appreciated that the
therapsutically effective amount can be selected with reference o any toxicity, or
other undesirable side effect, that might occur during administration of ong or

15 mors of the compounds described herain,
{0077} The term “alkyl” as used herein refers io substituted or
unsubstituted siraight chain, branched and cyclic, saturated mono- or bi-valent
groups having from 1 {0 20 carbon atoms, 10 to 20 carbon atoms, 12 t0 18 carbon
atoms, 8 o about 10 carbon atoms, 1 to 10 carbons atoms, 1 to 8 carbon aloms,
20 2 1o 8 carbon aloms, 3 o 8 carbon atoms, 4 10 8 carbon atoms, 5 in 8 carbon
atoms, 1 1o 6 carbon aloms, 2 to 8 carbon atoms, 3 to 6 carbon atoms, or 110 3
carbon atoms. Examples of straight chain mong-valent {(C-Cuj-alkyl groups
inciude those with from 1 1o 8 carbon atoms such as methyi (i.e., CHa), ethyl, n-
propyl, n-buivl, n-pentyl, n-hexyl, n-heptyl, n-octyl groups. Examples of branched
25  moneo-valent {C-Cao)-alkyl groups inciude isopropyl, iso-butyl, sec-butyl, t-butyl,
necpentyl, and iscpentyl. Examples of straight chain bi-valent {C-Cuojalky!
groups include those with from 1 to 6 carbon atoms such as -CHy-, -CHyCHe-,
-CHaCHoCHp-,  -CHoCHOHCH-, and  -CHCHCHLCHLGH.-. Examples  of
branched  biwvalent  akyl groups  include  -CH({CH:)CHz-  and
30  —CHCH{CH3CH.-. Examples of cyclic alkyl groups include cyclopropyl,

cyclobutyl, cyclopently,  cyclohexy! cyclooctyl, bicyciol[1.1.1]pentyl,

bicyclof2. 1. 1Thexyl, and bicyclo[2.2 1Theptyl. Cycloakkyl groups further include
polycyclic cycloalkyl groups such as, but not limited to, norbornyl, adamantyl,
bomyl, camphenyl, isccamphenyl, and careny! groups, and fused rings such as,
35  but not imited 1o, decalinyl, and the like. In some embodiments, alky! includes a
combination of substituted and unsubstitulad alkyl. As an example, alkyl, and aiso

{Cialkyl, includes methyl and substituted methyl. As a particular example,
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{Chalkyl includes banzyl As a further example, altkyl can include maethyl and
subsiituied {Co-Celalkyl. Alkyl can also includs substituled methyl and
unsubstituted {Ca-Calalkyl. In some smbodiments, alkyl can be methyl and Cx-Cs
finear alkyl. In some embodiments, alkyl can be methyl and Co-Cs branchad atkyl.
5  The term methyl is undersicod to be -CHa, which is not substituied. The ierm
methylene is understood to be -CHy-, which is not substituled. For comparison,
the term (Cq)alkyl is understood to be a substituted or an unsubstituted -CHs or a
substituied or an unsubstituied -CHg-. Representative substituted alky! groups
can be substituted one or more times with any of the groups listed herein, for
10 sxampls, cyclealkyl, heterocyclyl, aryl, aming, haloalky!, hydroxy, cyane, carboxy,
nitro, thio, alkoxy, and halogen groups. As further example, representative
substituted alky! groups can be substituted one or more fluom, chioro, bromo,
indo, aming, amido, alkyl, atkoxy, alkylamido, alkenyi, alkynyl, alkoxycarbonyl,
acyl, formyl, arylcarbonyl, aryloxycarbonyl, aryloxy, carboxy, haloalkyl, hydroxy,
15 cyano, nitroso, nitro, azido, triflugromsthyl, trifluoromethoxy, thie, alkylthio,
aryithiol, alkytsulfonyl, alkyisulfinyl, dialkylaminosulfonyl, sulfonic acid, carboxyiic
acid, diakkylamino and dialkylamido. In some embodiments, representative
substituted alkyl groups can be substituted from a set of groups including aming,
hydroxy, cvano, carboxy, nitro, thio and alkoxy, but not including halogen groups.
20 Thus, in some embodiments alky! can be subsiituted with a non-halogen group.
For example, represeniative substituted alkyi groups can be substituted with a
Hluoro group, substituted with a bromo group, substituted with a halogen other
than bromo, or substituted with a halogen other than fluore. In some
embodiments, representative substifuted alky! groups can be substituted with
25  one, two, three or more fluoro groups or they can be substituted with one, two,
three or more non-flucro groups. For example, akyl can be triflucromethyl,
diflucromsthyl, or flucromethyl, or alkyl can be substituted alky! other than
triftucromethyl, diffugromethyl or flucromsthyl. Alkyl can be haloalkyl or alkyl can
be substiluted alkyl othar than haloalkyl The term “alkyl” aiso gensrally refers o
30 alkyl groups that can comprise one or more heteroatoms in the carbon chain.
Thus, for example, "alkyl” also encompasses groups such as —{{CHa)p0)H and

the like.
{0078} The term “alkenyl” as used hersin refers 1o substituied or
unsubstituted straight chain, branched and cyclic, saturated mono- or bi-valent
35  groups having at least one carbon-carbon double bond and from 2 o 20 carbon
atoms, 10 1o 20 carbon aloms, 12 o 18 carbon atoms, 8 to about 10 carbon

atoms, 2 1o 10 carbons atoms, 2 to 8 carbon atoms, 3 o 8 carbon aloms, 4 {0 8
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carbon atoms, 5 o 8 carbon atoms, 2 1o 6 carbon aloms, 3 fo 8 carbon atoms, 4

to 6 carbon atoms, 2 to 4 carbon atoms, or 2 to 3 carbon atoms. The double
bonds can ba be trans or ¢ig orientation. The double bonds can be terminal or
internal. The alkenyl group can be altachad via the portion of the alkenyl group

5  containing the double bond, .g., vinyl, propen-1-yv and buten-1-yi, or the alkenyl
group can be attached via a portion of the alkenyl group that does not contain the
double bond, e.g., penten-4-yl. Examples of mono-valent {Co-Copl-alkenyl groups
inciude those with from 1 1o 8 carbon atoms such as vinyl, propenyt, propen-1-yl,
propen-2-yl, butenvi, buten-1-yi, buten-2-yl, sec-buten-1-vi, sec-buten-3-yl,

10 partenyl, hexenyl, heptenyl and octenyl groups. Exampiss of branchad mono-
valent (Go-Camj-alkenyl groups include isopropenyl, iso-butenyl, sec-butenyl, t-
butenyl, neopentsnyl, and isopentenyl. Examples of straight chain bi-valent {Cs-
Cogialkeny! groups include those with from 2 to 6 carbon aloms such as -CHCOH-

, “CHCHCH,-, -CHCOHCHCH,-, and -CHOHCOHCHCHy-. Examples of branchad

15 biwvalent atkyl Groups include ~C{CH5CH- and
~CHC{CHa)CHz-. Examples of cyclic akenyl groups include cyclopentenyl,
cyclohexeny! and cyclooctenyl. It is envisaged that alkenyl can also include
masked atkeny! groups, precursors of atkenyi groups or other related groups. As

such, where alkeny! groups are described it, compounds are also envisagsd

20 where a carbon-carbon double bond of an alkenyl is replaced by an epoxide or
aziridine ring. Substituied alkenyl also includes alkenyl groups which are
substantially tautomeric with a non-alkeny! group. For example, substituted
alkkenyl can be Z-aminoalkenyl, 2-alkylamincalkenyl, 2-hydroxyalkenyl, 2-
hydroxyvinyl, 2-hydroxypropenyl, but substiluted akenyl is also understood o

25  inciude the group of substituled alkenyl groups other than alkenyl which are
tautomeric with non-alkeny! containing groups. In socme smbodiments, alkeny!

can be understood to include a combination of substituted and unsubstituted
alkenyl. For example, alkenyl can be vinyl and substituted vinyl, For sxampls,
alkenyl can be vinyl and substituled (Cs-Celakkenyl. Akenyl can also include

30 substituled vinyl and unsubstituted (Cs-Gsjalkenyl. Represaniative substituted
alkenyl groups can be substituted one or more times with any of the groups listed
hergin, for example, moncakylaming, dialkylamino, cyane, acetyl, amidg,
carboxy, nitrg, alkyhhio, alkoxy, and halogsn groups. As further exampls,
raprasentative substituted alkenyt groups can be substituted one or more fluorg,

35  chlore, bromoe, iodo, amino, amido, alkyl, alkoxy, alkylamido, alkenyl, alkynyl,
alkoxycarbonyl, acyl, formyl, arylcarbonyl, aryloxycarbonyl, aryloxy, carboxy,

haloalkyl, hydroxy, cyang, nitrosg, nitro, azido, trifluoromethyl, trifluoromethoxy,
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thio, alkylthio, aryithiol, alkylsulionyl, alkylsulfinyl, dialkylaminosulfonyi, sulfonic
acid, carboxylic acid, dialkylamino and dialkylamido. In some embaodiments,
raprasentative substituted alkenyl groups can be substituted from a set of groups
including monoalkylamino, dialkylamine, cyano, acetyl, amido, carboxy, nitro,
5  alkyithio and alkexy, but not including halogen groups. Thus, in some
embodiments alkenyl can be substituied with a non-halogen group. In some
embodiments, representative substituted alkenyl groups can be substituted with
a fluoro group, substituted with a bromo group, substituied with a halogen other
than bromo, or substituted with a halogen other than fluoro. For example, alkeny!
10 can be t-Huoroving, Z-flucrovinyl, 1.2-diflugrovinyt, 1.2 2-riflucrovinyl, 2.2-
diftuorovinyl, trifluoropropen-2-yl, 3,3, 3-triflucropropenyd, 1-fluoropropenyt, -
chlorovinyl, 2-chiorovinyl, 12-dichlorovinyl, 1.2 2-tichlorovinyl  or  2,2-
dichlgrovinyl. In some embuodiments, representative substiluted alksnyl groups
can be substituted with one, two, thras or more flucro groups or they can be

15 substiiuted with one, two, three or more non-fluoro groups.
{0079} The term “alkynyl” as used herein, refers to substituted or
unsubstituted straight and branched chain alkyl groups, except that at least one
triple bond exists between two carbon atoms. Thus, alkyny! groups have from 2
{0 B0 carbon atoms, 210 20 carbon atoms, 10 1o 20 carbon atoms, 12 {o 18 carbon
20 atoms, 8 fo about 10 carbon atoms, 2 to 10 carbons aloms, 2 o 8 carbon aloms,
3 to 8 carbon atoms, 4 to 8 carbon atoms, B 1o 8 carbon atoms, 2 to 8 carbon
atoms, 3 to 6 carbon aloms, 4 1o 8 carbon atoms, 2 to 4 carbon atoms, or 210 3
carbon atoms. Examples include, but are not limited {o ethynyl, propynyl, propyn-
1-vi, propyn-2-yl, butynyl, butyn-1-vi, butyn-2-vi, butyn-3-vl, butyn-4-vl, pentynyl,
25 peniyn-1-yi, hexynyl, Examples include, but are notlimited to —C=CH, -C=C{CHa),

-C=C{CHCHy), -CHoC=CH, -CHC=C(CHs), and -CHC=C{(CH:CH3} among
others.
{00801 Tha term “aryl” as used herein refers io substiluted or

unsubstituted univalent groups that are derived by remaoving a hydrogen atom
30 fromanarene, which is a cyclic aromatic hydrocarbon, having from € 1o 20 carbon
atoms, 10 10 20 carbon atoms, 12 to 20 carbon atoms, 6 to about 10 carbon atomns
or 6 to 8 carbon atoms. Examples of (Ce-Cxlaryl groups include phenyl,
napthalenyl, azulenyl, biphenviyl,  indacenyl, fluorenyl, phenanthrenyl,
triphenvienyl, pyrenyl, naphthacenyl, chrysenyl, anthraceny! groups. Examples
35 inciude substituted phenyl, substiiuted napthalenyl, substiiuted azulenyl,
substituied biphenyivl, substitiied indaceny!, substituted fluorenyl, substituted
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phenanthrenyl, substituted  triphanylenyl, substituted pyrenyl, substituted
naphthacenyl, substitited chrysenyl, and substituted anthraceny! groups.
Examplas also include unsubstituted phenyl, unsubstiluted napthaleny|,
unsubstituted  azulenyi, unsubstituled biphenylyl, unsubsiifuied indacenyl,
5  unsubstituted fluorenyl, unsubstituted phenanthrenyl, unsubstituted triphenylanyl,
unsubstituted pyrenyl, unsubstituted naphthacenyl, unsubstituted chrysenyl, and
unsubstituied anthracenyl groups. Ary! includes phenyi groups and also non-
phenyl aryl groups. From these exampies, it is clear that the term (Ce-Conlary!
gncompasses mono- and polyoyciic (Ce-Caolaryi groups, inciuding fused and non-

10 fused polycydlic {Cs-Ca)aryl groups.
{6681} The term “heterocyclyl” as used hersin refers o substituted
aromatic, unsubstituted aromatic, substituted non-aromatic, and unsubstituted
non-aromatic rings containing 3 or more aioms in the ring, of which, one or more
is a heteroatom such as, but notlimitad to, N, O, and 8. Thus, a haterocychyl can
15 be acycloheteroalkyl, or a helgroaryl, or if polycyclic, any combination therent. In
soms smbodiments, hsterooyelyl groups include 3 o about 20 ring members,
whereas other such groups have 3 to aboul 15 ring members. In some
embodiments, heterocvelyl groups include heterocyelyl groups that include 30 8
carbon atoms (Cs-Cg), 3 t0 8 carbon atoms (Cs-Cs) or 8 to 8 carbon atoms (Ce-
20 Cg). A heterocyclyl group designated as a Co-heterocyclyl can be a 5-members
ring with two carbon atoms and three heleroatoms, a 6-membered ring with two
carbon atoms and four hetercatoms and so forth. Likewise a Ca-heterocyclyl can
be a S-membered ring with one helercatom, a 6-memberad ring with two
hetercatoms, and so forth. The number of carbon atoms plus the number of
25  hetercatoms equals the total number of ring atoms. A heterocyoly! ring can also
inciude cne or more double bonds. A hetercary! ring is an embodiment of a
heterccyciyl group. The phrase “heterccyciyl group” includes fused ring species
including those that include fused aromatic and non-aromatic groups.
Reprasentative haterocyely! groups include, but are not limited to piperidynyl,
30 piperazinyl, morpholinyl, furanyl, pyrrolidinyl, pyridinyl, pyrazinvl, pyrimidiny,
triazinyl, thiophenyl, tetrahydrofurany!, pyrroiyl, oxazolyl, imidazolyl, triazyolyl,
tatrazolyl, benzoxazolingl, and benzimidazolinyl groups. For  sxample,

heterccyclyl groups includs, without limitation:



WO 2022/035902 PCT/US2021/045446
e ’”\i:
" L Osy =0
ﬁl. e N
¢ (’ N -
AR @Qf’ \:j}\i@s O
: “’“}""’ '. 0 'N:m'

10

20

HEHPE L &
? i ;
, D S /% and Q7 | wherein X!

reprasents H, {C-Cadalkyl, (Cs-Coglary!l or an aming protecting group (8.9, a t-
butyloxycarbony! group) and wherein the haterocyclyl group can be substituied
or unsubstituted. A nitrogen-containing haterscyely! group is a helgrocyelyl group
containing a nitrogen atom as an atom in the ring. In some embodiments, the
heterccyclyl is other than thiophens or substituled thiophene. In some
embodimeants, the hetarocyclyl is other than furan or substituted furan.

joose} The term “alkoxy” as used herein refers o an oxygen alom
connsctad to an alkyl group, including a cycloalkyl group, as ars defined hersin.
Examples of linear alkoxy groups include but are not limited 1o methoxy, sthoxy,
propoxy, butoxy, pentyloxy, hexvioxy, and the like. Examples of branched alkoxy
inciude but are not limited © isopropoxy, sec-butoxy, tert-butoxy, isopentyloxy,
isohexyioxy, and the like. Examples of cyclic alkoxy include but are not limited to
cyclopropyloxy, cyclobutyloxy, cyclopsntyloxy, cyclohexyloxy, and the like. An
alkoxy group can include one to about 12-20 or about 1240 carbon atoms
onded to the oxygen afom, and can further include double or triple bends, and
can also include hetsroatoms. Thus, alkyoxy alse includes an oxygen aiom
connected to an alkysny! group and oxygen atom connected to an alkyny! group.
For exampie, an allyloxy group is an alkoxy group within the meaning hersin. A
methoxyethoxy group is also an alkexy group within the meaning herein, as is a
methyienedioxy group in a context wheare two adiacent atoms of a structure are
substituted therawith.

{0083] The term “arvloxy” as used hsrein refers o an oxygen atom
connected o an aryl group as are defined harein,

{0084] The term “aralkyl” and “aryiaky!” as used herein refers o akyl
groups as defined herain in which a hydrogen or carbon bond of an alkyl group is
replaced with a bond to an aryt group as defined herein. Representative arakyl
groups inciude benzyl, biphenyvimethyl and phenylethyl groups and fused
{cycloalkylarylialkyl groups such as 4-ethyl-indanyl. Araikeny! groups are alkenyl
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groups as defined hersin in which a hydrogen or carbon bond of an alkyl group is
replaced with a bond o an aryl group as defined herein.
jooss] Ths tarms "halo,” “halogen,” or “halide” group, as used harein, by
themselves or as part of another substituent, mean, unless ctherwise stated, a
5 flugrine, chioring, bromine, or ioding atom.
[0086] The term “amine” and "aming” as used herein refers o a
substituent of the form -NH;, -NHR, -NR;, -NFy*, whersin each Ris independently
selected, and protonated forms of each, except for -NRy", which cannot be
protonated. Accordingly, any compound substiluied with an amine group can be
10 viewed as an amine. An “amino group” within the meaning hergin can be a
primary, secondary, tertiary, or gquaternary aming group. An “alkylamino” group
inciudes a monoalkylaming, diakylamine, and trialkylaming group.
{0087] The term “acyl” as used herein refers 1o a group containing a
carbonyl moisty wherein the group is bonded via the carbony! carbon atom. The
15 carbonyl carbon atom is also bondsd to another carbon atom, which can be part
of a substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterccyclyl, group or the like.
{6088} The tarm “formyl” as used hergin refers 10 a group containing a
carbonyl moisty wherein the group is bonded via the carbony! carbon atom. The
20 carbonyl carbon atom is also bonded to a hydrogen atom.
{0089] The term “alkoxycarbony!” as used herein refers o a group
containing a carbonyl moiety wherein the group is bonded via the carbonyl carbon
atom. The carbony! carbon atom is also bonded to an oxygen atom which is
turther bonded to an alkyl group. Alkoxycarbony! also includes the group where
25  acarbonyi carbon atom is also bonded to an oxygen atem which is further bonded
to an alkyenyl group. Alkoxycarbonyi also includes the group where a carbony!
carbon atom is also bonded to an cxygen atom which is further bonded o an
alkynyl group. In a further case, which is included in the desfinition of
alkoxycarbonyl as the term is defined herein, and is also included in the isrm
30 aryloxyearbonyl,” the carbonyl carbon atom is bonded to an oxygen atom which
is bonded to an aryl group instead of an alkyt group.
{00940} The term “arylcarbonyl” as used herein refers o a group
containing a carbonyl molety wherein the group is bonded via the carbonyl carbon
atom. The carbonyl carbon atom is also bonded o an arvl group.
35 [0081] The term “alkylamido™ as used herein refers 10 a group coniaining
a carbonyl moiety wherein the group is bonded via the carbony! carbon atom. The

carbony! carbon atom is also bonded o a nitrogen group which is bonded {o one
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or more atkyl groups. In a further case, which is alse an alkylamido as the term is
defined herein, the carbonyl carbon atom is bonded to & nitrogen atom which is
bonded o one or mors ary! group insiead of, or in addition g, the ong or more
alkyl group. In a further case, which is also an alkylamido as the tsrm is defined
5  herein, the carbony! carbon atom is bonded to an nitregen atom which is bonded
o one or more alkenyi group instead of, or in addition {o, the ons or more alkyl
and or/aryl group. In a further case, which is also an atkylamido as the term is
defined herein, the carbonyl carbon atom is bonded to & nitrogen atom which is
bonded 1o one or more alkynyl group instead of, or in addition to, the one or more
10 alkyl, akkenyl and/or aryl group.
§0082] The term “carboxy” as used herein refars i a group confaining a
carbonyl moiely wherein the group is bonded via the carbony! carbon atom. The
carbonyl carbon atom is alse bonded to a hydroxy group or oxygen anion 8¢ as
to result in a carboxylic acid or carboxylate. Carboxy also includes both the
15 profonated form of the carboxylic acid and the salt form. For example, carboxy
can be undsrstood as COOH or CO2H.
{0093] The term “amido” or “amide” as used herein refers 0 a group
having the formula C{ONRR, wherein R is defined hsrein and can each
indenendently be, e.g

]

hydrogen, alkyl, ary! or each R, together with the nitrogsn
20 atom to which they are attached, form a heterocyelyl group.
{0094] The term “akyhhio” as used hersin refers to a suliur atom
connectad to an alkyl, alkenyi,or alkynyl group as defined herain.
{0095] The term “aryithio” as used herein refers o a sulfur atom
connected to an aryl group as defined herein.
25 [0086] The term “alkyisulforyl” as used herein refers 1o a sulfonyl group
connected to an alkyl, alkenyi,or alkynyl group as defined hersin.
{0097] The term “alkylsulfiny!” as used herain refers to a sulfinyl group
connactad to an alkyl, alkenyi, or alkynyi group as defined herein.
{0098] The term “dialkylaminosulfonyt” as used herein refers o a sulfonyl
30 group connected o a nitrogen further connected to two alkyl groups, as dslined
herein, and which can gplionally be linked iogsther in form a ring with the
nitrogen. This term also includes the group where the nitrogsn is further
connactad to ons or two akenyl groups in place of the alkyl groups.
{0099] The {erm “dialkylaming” as used hereln refers 10 an amino group
35  connected o two alkyl groups, as defined herein, and which can optionally be

linked ipgether to form a ring with the nilrogen. This {erm also includes the group
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wherg tha nitrogen is further connected to one or two alkenyl groups in place of

the alkyl groups.
{00100} The {erm “dialkylamide” as used hereln refers 1o an amido group
connactad o two alkyl groups, as definsd herein, and which can oplionally be
5 linked {ogether to form a ring with the nitrogen. This term also includes the group
where the nitrogen is further connected to one or two alkenyl groups in place of

the alkyl groups.
{00101} The term “substituted” as used hersin refers to a group that s
substituied with ane or more groups including, but not limited 1o, the foliowing
10 groups: halogen (s.g., F, Cl, Br, and 1}, R, OR, ROH {e.g., CH0H), OC{OIN(R).
{alsc known as carbamate), CN, NO, NO; ONO., azido, CFs, OCFs,
methylenedioxy, ethylenadioxy, (Cs-Caolthetercaryl, N{R), SR, SR, SOR,
S0R, SON(R), 50:R, POHOR), OPOKOR), COR, COCOR,
C{O)ICHC{OMR, C(SR, C{OOR, OCCIOIR, CONRY, CONR)OH,
15 QCOIN(R),, CL{SIN{R)z, (CHa)o N{RIC(OIR, {CHz)o2N(RIN(R)2,
N{RIN(RIC(O)R, N{RIN{RIC(OOR, N{RIN(R)CON(R)2, N{RISOR,
NRISO:NIRY, NECIOOR, NRICIOIR, NRCESIR, NRICIOINR):
NRICISIN{R),, N(CORICOR, NORIR, C{=NHIN(R),, C{OWNCRIR, wur
C{=NOR}R whersin R can be hydrogen, (Ci-Caolakyl, (Cs-Caslaryl, hatersoycivl
20 orpolyalkylens oxide groups, such as polvalkylene oxide groups of the formula -
(CHaCH0%-R-0OR, -{CH2CHCH20)-R-0OR, -{(CH2CHO3{ CHa0H2CH0)-R-0OR
gach of which can, in turn, be substituted or unsubstituted and wherein fand g
are each independently an integer from 10 50 (eg, 1o 10, 1105 103 0r 2
to ). Substituied also includes a group that is substituted with one or more groups
25  including, but not limited to, the following groups: fluore, chioro, bromo, iodo,
amino, amido, alkyl, hvdroxy, alkoxy, alkvlamido, atkenyl, alkynyl, alkoxyoarbonyl,
acyl, formyl, aryicarbonyl, aryloxycarbonyl, aryioxy, carboxy, haloaikyl, hydroxy,
cyane, nitroso, nitre, azido, triflucromethyl, trifluoromesthoxy, thio, alkylthio,
aryithiol, alkvisulionyl, alkyisuliinyl, dialkylaminosulfonyl, sulfenic acid, carboxylic
30  acid, dialkylamino and diakylamido. Where there are two or more adjacent
substituents, the substituents can be linked to form a carbogoyclic or heterocyclic
ring. Such adiacent groups can havs a vicinal or germinal relationship, or they
can be adjacent on a ring in, e.g., an corthe-arrangement. Each instance of
subsiituied is understood to be independent. For example, a substituted aryl can
35  be substituted with bromo and a substituted heterocycls on the same compound
can be substitutsd with alkyl. It i3 snvisaged that a substituted group can be

substituied with one or more non-fluore groups. As another example, a
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substituied group can be subsiituled with one or more non-cyano groups. As
another example, a substituted group can be substituted with one or mores groups
other than haloalkyl. As vet another example, a substituted group can be
substituted with one or more groups other than tert-butyl. As yst a further
5  example, a substituted group can be substituted with one or more groups other
than trifluoromethyl. As yet sven further examples, a substituted group can be
substituied with one or more groups other than nitro, other than methyi, other than
methoxymethyl, other than diakylaminosulionyl, other than bromo, other than
chlore, other than amide, other than halo, other than benzodioxepinyl, other than
10 polycyclic heterceyclyl, othsr than polycyclic substituted aryl, cother than
methoxycarbonyl, other than alkoxycarbonyl, other than thiophenyt, or other than
nitrophenyl, or groups meeting a combination of such descriptions. Further,
substiiuted is also undersiood o include fluore, cyano, haloalkyl, tert-butyl,
triflugromethyl, nitro, methyl, methoxymethyl, dialkylamingsulfonyl, bromo,
15 chlore, amido, hale, benzodioxepinyt, polveyclic heterocvelyl, polyoyciic
substituted aryl, methoxycarbonyl, alkoxycarbonyl, thiophenyl, and nitrophanyl
groups.
{00102} In some instances, the compounds described hersin {e.g.,
compounds of the formulae (1), (a)-(), (D)-(V1)) can contain chiral ceniers. All
20 diastersomesrs of the compounds describaed hersin are contempilated hersin, as
well as racemates.
(00103} As used hersin, the term "salis” and “pharmaceutically acceptable
salts” refer to derivalives of the disclosed compounds wherein the parent
compound is modified by making acid or base salis thereof. Examples of
2%  pharmaceutically accepiable salts include, but are not iimited to, mineral or
crganic acid salts of basic groups such as amines; and alkali or organic salis of
acidic groups such as carboxylic acids. Pharmaceutically acceptable saits include
ths conventional non-toxic salts or the quaternary ammonium salits of ths parsmnt
compound Tormed, for example, from non-loxic inorganic or organic acids. For
30 example, such conventional non-toxic salts include those derived from inorganic
acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, and nitrig;
and the salts preparad from crganic acids such as acetic, propionic, succinic,
glycolic, stsaric, lactic, malic, tartaric, citric, ascorbic, pamoic, malegic,
hydroxymaleic, phenviacstic, glutamic, benzoic, salicylic, sulfanilic, 2-
35  acetoxybenzoic, fumaric, toluenesulfonic, methaneasulfonic, ethane disulfonic,

oxalic, and isethionic, and the like.
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{00104 Pharmaceutically acceptable salts can be synthesized from the
parent compound which contains a basic or acidic molety by conventional
chemical methods. In some instances, such salts can be prepared by reacling
the free acid or bass forms of thess compounds with a steichiometric {or larger)
5  amount of the appropriate base or acid in watsr or in an organic solvant, orin a
mixture of the two,; generally, nonaquecus media like ether, ethyl acetatse,
ethanaol, isopropanal, or acelonitrile are preferred. Lists of suilable salts are found
in Remington’s Pharmaceutical Sciences, 171th ed., Mack Publishing Company,
Easton, Pa., 1985, the disclasure of which is hereby incorporated by reference.
10 [00105] The term “solvate” means a compound, or a salt thereof, that
further includes a stoichiometric or non-stoichiometric amount of sclvent bound
by non-covalent intermolecular forces. Whare the solvent is water, the solvate is
a hydrats.
{00106] The term “prodrug” means a derivative of a compound that can
15 hydrolyze, oxidize, or otherwise react under biclogical conditions {in vitro or in
vive} to provide an aclive compound, particularly a compound of the invention.
Examples of prodrugs include, but are not limited to, derivatives and metaboliles
of a compound of the invention that inciude bichydrolyzable moielies such as
bishydrolyzable amides, biohydrolyzable esters, biohydrolyzable carbamates,
20 bichydrolyzable carbonates, bichydrolvzable ureides, and bichydrolyzable
phosphate analogues. Specific prodrugs of compounds with carboxy! functional
groups are the lowsr alkyl esters of the carboxylic acid. The carboxylate esters
are conveniently formed by esterifying any of the carboxylic acid moisties present
o the molecule. Prodrugs can typically be prepared using well-known methods,
25  such as those described by Burger's Medicinal Chemistry and Drug Discovery
6t ed. (Donald J. Abraham ed., 2001, Wiley} and Design and Application of
Prodrugs {H. Bundgaard ed., 1885, Harwood Academic Pubilishers GmbH}.
{08107 As used hersin, the term “subject” or “patient” refers fo any
organism to which a composition dascribed herein can be administered, e.g., for
30 experimental, diagnostic, prophylactic and/or therapsutic purposes. Subject
rafers to a mammal receiving the compaositions disclosed herain or subject to
disclosed methods. it is understood and hersin contemplated that “mammal”
includes but is not Himited 1o humans, non-human primaies, cows, horsas, dogs,
cats, mice, rals, rabbits, and guinea pigs.
35 [00108] Each embodimeant described above is envisagad 1o be applicable
in sach combination with other embodimenis described hersin. For example,

embodiments corresponding to formula (1) are equally envisaged as being
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applicable 1o formulag  {(la)-(l, and {D-(V]}). Likewise, embodiments
corresponding to formula (11 are equally envisaged as being applicable to
formulae (1), (la3-01), and (IH-(V1) and so forth.
{00108 Vaiues expressed in a range format should be interpreted in a
5  flexible manner to include not only the numerical values explicitly reciled as the
fimits of the range, but alsc to include all the individual numerical values or sub-
ranges encompassed within that range as if each numerical value and sub-range
weare explicitly recited. For example, a range of “about 0.1% o about 5% or
“about 0.1% 1o 5% should be interpreted o inciude not just about 0.1% 1o about
10 5%, butalse the individual values {e.g., 1%, 2%, 3%, and 4% and the sub-ranges
{8.0., 0.1% 10 0.5%, 1.1% 10 2.2%, 3.3% 10 4.4%) within the indicated rangs. The
statement “about X to Y” has the same maaning as "about X 1o about Y,” uniess
indicaled otherwise. Likewise, the statement “about X, Y, ¢or about 77 has the
sams meaning as “about X, aboutY, or about Z,” unisss indicated stherwise.

5

15 [001103 in this documsant, the terms “a,” “an,” or "the” are used 1o includs
one or more than one uniess the context clearly dictates otherwise. The term “or”
i5 used to refer to a nonexclusive “or” uniess otherwise indicated. in addition, it is
o bs undersiood that the phrassology or terminoclogy employsd hersin, and not
otherwise definad, is for the purpese of description only and not of imitation. Any

20 use of section headings is intended 1o aid reading of the document and is not to
be interpreted as limiting; information that is relevant to a ssction heading may
ccour within or outside of that particular section. Furthermore, all publications,
patents, and patent documents referred to in this document are incorporated by
reference herein in their entirely, as though individually incorporated by

25  reference. In the event of inconsistent usages between this document and those
decuments so incarporated by reference, the usage in the incorporated reference
shouid be considersd supplementary 1o that of this document; for irreconcilable
inconsistencies, the usages in this document controls.

{00111} Tha term “aboul” as used herein can allow for a degres of

30 variability in a valus or range, for example, within 10%, within 5%, or within 19 of
a staled value or of a stated limit of a rangs.

[08112] The term “substantially” as used herein refers to a majority of, or
mastly, as in al lsast about 50%, 60%, 70%, 80%, 80%, 85%, 96%, 97%, 98%,
99%, 99.5%, 99.9%, 88.99%, ur at least about 98.999% or more.

35  [00113] Tha terms and sxprassions that have been employed are used as

terms of description and not of mitation, and there is no intention in the use o

such terms and expressions of excluding any equivalents of the features shown
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and described or portions thereof, but it is recognized that varicus modifications
are possible within the scope of the embodiments of the present disclosure. Thus,
it should be understood that although the present disciosure has baan specifically
disciosed by specific embodimenis and optional Teatures, modification and
5  variation of the concepts herein disclosed can be rasorted (o by those of ordinary

skill in the art, and that such modifications and variations are considerad o be
within the scope of embodiments of the present disclosure
{00114 The invention is now described with reference to the following
Examples. The following working examples therefore, are provided ior the

10 purpose of lllustration only and specifically point out certain embaodimeants of the
present invention, and are nol 1o be construed as limiting in any way the
remaindsr of the disclosure. Therefore, the examples should be construed 1o
gncompass any and all variations which become evident as a result of the
teaching provided herein.

15 EXAMPLES
{00115] The present disclosurs can be betler undsarstood by reference fo
the following examples which are offered by way of illustration. The disclosure is
not limited fo the examples given herein.
introduction

20 [00116] The human protsasome is part of the cellular machinery that
requiates protein degradation. Most proteins are degraded by the 26S
proteasome via a ubiquilin-dependent mechanism, however intrinsically
disordered proteins (unstruciured) proteins can also be degraded the 208 isoform
of the proleasome via a ubiguitin-independent mechanism. Intrinsically

25  disordered proteins (IDPs) are named for their lack of tertiary structure allowing
them to adopt numercus conformations and interact with multiple binding
pariners. When the synthesis of 1DPs oulpaces their rate of degradation, they
accumulate and induce toxic signaling events that drive many human diseaseas.
{00117} Arguably the most infamous 1DP associated with cancer initiation,

30 progression and relapse is the pro-oncogenic ranscription factor, ¢-MYG. Qver-
expression of ¢-MYC is the driving force in an astonishing 80-70% of all human
cancers including multiple myeloma, histiocytic sarcoma, myeloid lsukemia,
glioblastoma, melanoma, breast cancer, colon cancer, cervical cancer, smaii-call
fung carcinoma, and ostsosarcoma. Small molecule 208 proteasome activators

35 can reduce ¢-MYC protein levels and therefors prevent the initiation progression
and relapse in ¢-MYC driven cancers.

{00118 The disclosure relates fo small molecule 208 proteasome
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activators of the formulag (1), (Ia)-(li), and {h-(V1) as therapeutic agents {o real
amyloidogenic diseases including neurcdegensrative diseases and type
diabetaes. Nsurcdegensralive dissases include: Alzhsimer's disease {AD) and
other dementias, Parkinson’s disease (PD) and PD-related disorders, Prion
5 disease, Motor neuron diseases (MND), Huntington's disease (HD),
Spinccerebellar ataxia (SCA) and Spinal muscular atrophy {SMA). Overwhelming
evidence points towards the accumulation and subsequent oligomerization of
intrinsically disordered proteins (1DPs) such as amyloid-b, a-synuciein, polyQ,
and dipsptide repeat (BPR) units as the driving causeas of these diseases. These
10 soluble oligomeric forms are also responsibis for impairing proteasome function,
which further drives disease progression. Robust data demonstrates that
gnhancing proteasome activity prevents the accumulation of IDPs, reduces brain
damage, prevenis dementia and may bs a new therapeutic strategy to treat
naurcdegenarative dissases.
15 Methods
{001193 Materials and Reagents. Human 205 proisasome and
fluorogenic substrates N-succinyl-Leu-Leu-Val-Tyr-7-amido-4-methylcoumarin
{Suc-LLVY-AMCY, carboxyl benzyl-Leu-Leu-Giu-7-amido-4-methvicoumarin (Z-
LLE-AMC), tert-butyloxyearbonyl-Leu-Arg-Arg-7-amido-4-methylecoumarin {(Boc-
20 LRR-AMG), and bortezomib were obiained from Boston Biochem, inc
{Cambridge, MA). The PVDF membrane, Clarity western ECL reagent, blocking
grade millk, and precast sodium dodecyl suliate gels were from Bio-Had
{Hercules, CA). The recombinant wild type a-synuclein was obtained from Abcam
{Cambridge, MA). Rabbit polycional anti-a-synuclein, mouse monoclonal anti-a-
25  synuciein and goat anti-rabbit HRP-linked antibody were purchased from Santa
Cruz Biotechnoicgies (Dallas, TX). The anti-mouse HRP-linked antibody was
purchased from Cell Signaling Technology (Danvers, MA). The a-synuclein
aggregates were obtained from Novus Biologicals (Littleton, CO). Unless
otherwise noted, chemicals wers purchased from commercial suppliers and used
30 without further purification.
{00120} Molecular docking studies. Docking was performed using
AutcDock vina, supperied through computational resourcses and services
provided by the Institule for Cyber-Enabled Research at Michigan Slale
University. The crysial structure of the closed gate human profeasome (h205)
35 was obtained from the PDE database (FDB ID: 4R30). Molecules were
generated in Perkin Elmer's Chem3D, minimized using the MMZ2 force field, and
converted {o PDB. These molscules were uploaded to PyRx and converied (o
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ligand pdhat files. Small moleculs igands wers then docked against the entirety
of the h20S proteasome (grid box 153.2 x 138.0 x 189.4 A) three times with
exhaustiveness set to 1000, Individual poses were manually inspected using
Pymol and BIOVIA Discovery Studio 2020.

5  [00121] Fluorogenic peptide degradation 205 proteasome activity
assay. Activity assays were carried out in a 100 b 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
56 mM Tris-HCGE at pH 7.8, 100 mM Nall and allowed 1o incubate for 15 min at

10 37°C. Fluorcgenic substrates wers then added and the snzymatic activity
measured at 37°C on a SpeciraMax Mb5e spectrometer by measuring the change
in flugrescence unit per minute for 1 hour at 380-480 nm. The fluorescence unils
for the vehicle control were set at a 100%, and ths ratio of drug-trsated sample
set io that of vehicle control was used to calculats ths fold changs in enzymatic

15 aclivity. The fluorogenic substrates used wsre one of the following: Suc-LLVY-
AMC {CT-L activity, 20 uM), Z-LLE-AMC (Casp-L activity, 20 uM}, Boc-LRR-AMC
{T-L activity, 40 yM) or a combination of the three substrates each at 6.67 uM.
{001223 General Experimental information. Reaclions wers carried cut
under a nitrogen atmospherg in flame-dried glassware. Solvents and rsagenis

20 were purchased from commercial suppliers and used without further purification.
Anhydrous THF was distilled over sodium and benzophenone directly before use.
Magnetic stirring was used for all reactions. Yields refer o chromatographicaily
and spectroscopically pure compounds unless otherwise noted. Infrared specira
wore recorded on a Jasco Series 6600 FTIR spectromester. 'H and °C NMR

25  spectra were recorded on a Varian Unity Plus-500 or 600 spectrometers.
Chemical shifis are reported relative 1o the residue peaks of the solvent {CDCIS:
7.28 ppm for 1H and 77.0 ppm for 130} (DMSQO-d6: 2.50 ppm for 1H and 385
ppm for 13C). Ths following abbreviations are used to denote the muitiplicities: s
= singlet, d = doublet, dd = doublet of doublats, t = triplet, and m = mulliplet.

30 HRMS were obtained at the Mass Spectromelry Facility of Michigan State
University with a Micromass Q-ToF Ultima AP LC-MS/MS mass specirometer.
[08123] in vitre purified w-synuclein degradation assay (silver siain).
Digestion of a-synuclein was carried out in a 50 pb reaction volume mads of B0
mM Tris at pH 7.8; 0.33 uM puriied g-synuclein and 8.7 nM purified human 208

35 proteasome. Briefly, 208 proteasome was diluted to 7.58 nM in the reaction
buffer. Test compounds or vehicle (1 pb of 50x siock or DMSO) wers added o
44yl of 7.58 nM 208 and incubated at 37°C for 20 min. 5 uyl. of 3.3 M a-
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synuclein substraie was then added 1o the reaction mixture and incubaled at 37°C
for 4 hours. The reactions were quenched with concentrated sodium dodecy!
sulfate (SDS) loading buffser. After boiling for 10 min, samplss were resolved on
a 4-20% Tris-glycine SDS-PAGE gel. The gels were then stained using a Plerce
5  Silver Stain Kit (Thermo Scientific, Rockford 1L} and the provided procedure.
[00124] Amvyloid beta aggregate preparation. Synthetic amyloid beta
was purchased from Eurogentec. To remove preexisting aggregates, synihetic
amyloid beta peptide was dissolved in 100% hexafluorcisopropans! (HFIP) and
incubated at 37 °C for 2h. The HFIF was removed and the remaining peptide

10 films were stored at —80 °C untii use. Aggregaies were prepared by resuspending
amyloid beta films with DMS0 (50 b per 1 mg of peptide}, followed by addition
of ultrapure Ha(O (800 pl) and rapid addition of 2 M Tris-base (10 yl) at pH 7.6
The solution was then vortexed for B seconds and aliowed {o incubate al rcom
temperature for 5 minutes. The Amyloid beta mixture was then diluted o the

15 desired concentration and used immediately.

[00125] IDP oligomer inhibition in Hucrogenic peptide degradation
assay. Assays were carried out in a 100 pb reaction volume. Ditferent
concentrations (1-10 yM) of test compounds wers added o a black flat/clear
bottom 28-well plate containing 1 nbM of human constitutive 208 proteasome, in

20 50 mM Tris-HC! at pH 7.8 and allowed to incubate for 15 min at 37°C. Then, 1 pl
of a-synuclein or amyloid beta oligomer mixture of was added o each sampie o
a final concentration of 500 nM for a-synuclein and 2.5 M for amyioid bela. This
mixiure was then allowed to incubate again for 15 min at 37°C. Next, 10 yl of
CT-L fluorogenic subsirate was added to a final concentration of 20 yM. The

25  enzymatic activity was measured at 37°C on a SpeciraMax MBe spectrometer by
measuring the change in fluorescence unit per minute for 1 hour at 380-4860 nm.
The fluorescence units for the vehicle control were set at a 100%, and the ratio
of drug-treated or just oligomer-treated samples 1o the vehicls control was used
to calculate the relative enzymatic activily.

30 [00128] in vitre purified c-synuclein oligomer degradation assay
{westarn blot). Digestion of a-synucisin oligomer mixiure was carrisd gut in a 50
ul reaction volume made of 50 mM Tris at pH 7.8; 0.33 gM a-synuclein oligomer
mixiure and 8.7 nM purified human 208 protsasome. Briefly, 208 proteasome
was diluted fo 7.58 nM in the reaction buffer. Fluspirilene or vehicle (1 pl of 50x

35  stock or DMSQO) wers added to 44 pl of 7.58 nM 208 and incubated at 37°C for
20 min. The substrate (5 pl of 3.3 M synuclein oligomer mixture) was then
added {o the reaction mixiure and incubated at 37°C for 24 hours. The reactions
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wers then guenched with concentrated SDS loading buffer. Samples were
resolved on a 4-20% Tris-glycine SDS-PAGE and immunoblotied with mouse
monocional anti a-synucisin IgG (1:2000) and anti-mouse HRP-inked igG
{1:2000). Blols were developed with ECL western reagent and imaged with an
5  Azure Blosystems 300Q imager.

[00127] Cell culture. Human embryonic kidney cells (HEK293T) were
maintained in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum and 100 units/mL penicilin/streptomyein, at 37 °C with
5% COq.

10 [60128] Transient transfection of AS3T a-synucisin plasmid into HEK-
2937 cells. Celis were grown according using ths methods stated abovs to ~50-
70% confluency. At this point plasmid preparsd with Xfact transfeclion agent
{preparad following manufacturers protocod) was added to the HEK-293 cells and
incubated for 4 hours. The media was then replaced with fresh culture media and

15 the cells were retumed to the incubator for 24 hours prior to treatment.
{00129 AS3T a-synuciein digestion in HEK-293T celis. HEK-2937T csils
were transfecied as described above and incubated for 24 hours. The cells were
then treated with 100ug/mb. of cycloheximide, in combination with either vehicle
(BMEC), fHluspiritene (10 or 30 uM), N-acylated Huspirilene (10 or 30 ubd),

20 bortszomib (100 nM), or a combination thersof for 8 hours. The cslls wers than
lysad using RIPA buffer and the manufacturers protocol. A BCA agssay was
performed o quantify protein levels and the lysates were normalized 1o desired
concentrations prior to electrophoresis and western blot analysis, performed as
described previously.

25  Example 1: Compound identification
{00130} The smali molecule antipsychotic drug fluspirilene was identified
as a promising new scafiold for the development of 208 activators due to its
strong enhancement of 208 proteciysis. To assess fluspirileng’s 208 proteasome
activity, a series of assays were performed using each of three flucrogenic

30 peptide substrates. These subsirates wars a chymotryptic-like (CT-L), a trypsin-
filke {T-L) and a caspase-like {Casp-L) subsirate, one for gach of the catalytic sites
of the proteasome. B has been shown that the protsasome’s aclive sites
allosterically regulate sach other in the presence of their individual substrates.
Therefore, a combination of the three probes 1o repressnt ths overall aclivity of a

35 208 activator more accurately in a system in which all catalvtic sites are
interacting. Fluspirilens activates all three catalytic sites of the 208 proteasome

(FIG. 1) and achieved a doubling of activily (hereafter referred to as ACze0) using
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the combinalion of probes at 2.2 ubd {Le. ACue 2.2 uM), with a maximum fold
enhancement of nearly 10-fold (e, 1000%). Moreover, fluspirilene did not
enhance the profsolytic aciivity of the 268 preteasome (FIG. 1A).

Example 2: Design of analogues:

5  [00131] Fluspirilene is a potant dopamine D2 receptor antagonist that has
been used for the treatment of schizophrenia. As such, it has good drug-like
properiies and penetrates the blood brain barrier (BBB) effectively, which makes
it a promising scaffold for the development of novel 208 activators. On the other
hand, due to ifs potent D2 receptor activity it cannot be repurpossd therapeuticaily

10 without modification. Thersfors, structural modifications known 1o reduce the
dopamine D2 receplor activity were prepared. Ne-acylated fuspiriiens (18}, was
designed ¢ eliminate fluspirileng’s D2 receptor activity. In this scaffold, the
basicity of the piperiding’s amine has been reduced through iis conversion to an
amide. Molecular docking studies were performed using AuioDock Vina

15 Fluspirilens and acyl-fluspirilene werg found o prefersntially bind o the a2-3
intersubunit pocket (FIG. 24 and FIG. 28B). This mode of binding is different from
cur previously reported 208 proteasome activators which, when docked,
preferentially bind (o the a1-2 intersubunii pockel of the 208 proteasome. To test
the importance of the a2-3 intersubunit pocket, two other analogues of fluspirilens

20 were devised as negative controls.

Example 3. Synthesis

[00132] Fluspirilene was synthesized according o literature, and several
derivatives were prepared. As shown in Scheme 1, the diphenyt tails were
produced using a Grignard reaction between dihydrofuran-2(3H)}-one and two

25  equivalents of aryt magnesium bromide. Subsequent dehydration of the tertiary
alcohol was performed via reflux in ethanol with addition of hydrochloric acid. The
formad alkenes {compounds 6 and 7} were reduced using hydregen gas with
palladium on carbon in ethancol overnight to afford compounds 12 and 13
Bromination via the Appel reaction producad compounds 8, 8, 17, and 18. Lastly,

30 nucleophilic substitution of the diphenylbutyl halides with 1-phenyl-1,3,8-
triazaspiro[4.5)dscan-4-one (10) produced fluspiriiens derivalivaes 11, and 18, as
well as fluspirilens 20. To produce the acylaled scaffold 18, compound 13 was
oxidized to a carboxylic acid using Jones reagent, which was then coupled to 10
using 1-ethyi-3-(3-dimethylaminopropyl) carbodiimide (EDC). Each of the

35  synihesized fluspirilene analogs (compounds 11, 16 and 18}, compound 18, and
the intermediates (compounds 8, 7, 12-15) used in their synthesis were tesied
for 208 proteasome activity (FIG. 3). To do this, our standard flucrogenic peptide
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assay was employed o assess their activity using a combination of the three
catalytic site substrates. The results obiained from this screening showed that
none of the intermediates werg active, but the fluspirilene analogs themselvas all
showed some degree of activity (FIG. 3). The N-acylated analog of flugpiriiene
5 {compound 18) had comparable potency (ACx 1.9 uM, FIG. 38) io that of
Hluspirilene (FIG. 3}, but a superior maximum fold enhancement (>2000%).
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Scheme 1

Heagents and conditions in Scheme 1: {a) dry telrahydrofuran, reflux, 5 h ()
10 conc. HCI, ethanol, reflux, 20 h (¢} CBrs, PPhs, CHCl, 0 <C-RT, 5 h {d) 18,
NaoC0s, Ki, CHaCN, reflux, 5 b, then RT for 16 h {&) Ho, Pd/C, ethanol, RT,
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20 h () CrGs, Ho804, acstons, 0 °C-RT, 168 h {g) 10, EDC, iBuCH, Hunig's
base, CHClz, BT, 16 h.
Example 4: Docking studies:
[00133] To further analyze why fluspiriiene and compound 18 show such
5  promising 208 protsasomal activity while compounds 11 and 18 display lessened
activity, BIOVA Discovery Studio 2020 was used 1o observe the binding pocket
interactions of our analogues within the o2-3 intersubunit pocket (FIG. 4). In
muitiple binding modes, strong hydrogen bond interactions are observed between
fluspirilene and compound 18's amide N-H and a variety of amino acid residues
10 such as LYS77, ILEBS, ASNB4, TYR75, and GLN111 (FIG. 4A and FIG. 4B).
Comparatively, while compounds 11 and 18 show hydrogen bonding with the
amide’s carbonyl, they display no interactions belween the amide’s N-H and any
of the above-mentioned amino acid residues (FIG. 4C and 4D). Furthermore,
compounds 11 and 18 display less preference for the 02-3 intersubunit pockst,
15 suggesting a strong N-H hydrogen bond intgraction is necessary to support
prefarential binding. Fluspirilene, compound 18, and compound 18 also display
pi-pi interactions with the diphenyi tail, specifically interacting with PHE 60, PHE
681, and TYR154, while compound 11 shows no pi-pi interactions between the
aming acid residues and dipheny! tall. This supports our thsory that locking the
20 conformation of the diphenyl tall with a double bond prevents binding by limiting
the scaffold’s conformational flexibility.
Example 5: In vitro testing, 208 activation
[00134] The 208 activity of N-acylated fluspirilene (compound 18) was
further assessed in the fluorogenic peptide assay, using sach of the individual
25  substrates as well as the combination of the three (FIG. 5). When compared 1o
fluspirilene, the N-acylated analog performs similarly using the combination of the
three peptide subsirate probes, with an AGse of 1.9 uM. Additionally, the A
acylated analog achieved better activation of the T-L site, but reduced activation
of the CT-L site relative o fluspiriiene Hself, when tested on the individual
30 flucrescent peptide probes. The M-acylaled analog achieved higher max fold
increasas for each subsirate/combination (>1500% increase over vehicle) but
required slightly higher concentrations to reach doubling of activity at the CT-L
{ACoee 4.7 uUM) and Casp-L (ACxe 4.1 uh) sites (FIG. B).
Example 8: In vitro testing, 1DP degradation
35 [60135] Purified human 205 proteasome was incubated with the

compounds, fluspirilene and N-acyiated fluspirilens (18}, at various
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concentrations, and human a-syn substrate was subssguently added 1o the
mixiures. The resulting digestions were visualized using silver stains. Enhanced
208 activily is measured as a reduction of remaining a-syn when compared (o
the vehicle control. As shown in FIG. 6, both fluspiriens and MNacylated
5  fluspirilene were able o effectively enhance the degradation of a-syn by the 208
proteasome in vitro. Both compounds displayed a significant {(FIGS. 6B-6C,
>50%, p<0.001) conceniration-depended decrease in a-syn at values near their
ACz0. These results grant confidence in this novel 208 activator scaffold to
induce the degradation of IDPs and prevent their accumulation.
10 Example 7: Bastoring impalred proteasoms acthvity, in vitre
[001361 Proteasome impairment is a major contributer o the accumulation
of neurgioxic IDP oligomers. In fact, it was recently shown that IBP oligomers
associated with neurodegenerative diseases, such as o-syn, amyioid bela and
Huntingtin protein, can directly inhibit the 208 proteasoms. This IDP oligomer-
15 induced 208 proteasome impairment has the potential to contribute to further
accumulation of the IDPs and thus disgase progression. We hypothesized that if
208 proteasome enhancers can protect against IDP-mediated impairment of the
208 proteasome, 205 enhancers may reestablish the clgaring of IDPs. To
monitor the effects fluspiriiene and MN-acylatad fluspirileng on an IDP-oligomer
20 impaired 208 proteasome, purified 208 proteasome was incubated with the
compounds and aggregates of a-syn or amyloid beta were introduced following
the procedure reporied by Smith and co-workers. Consistent with their findings,
we found that both a-syn and amyloid beta aggregate mixtures significantly
reduced 20S5-mediated proteoiysis (FIGS. 7A-7D). Importantly, we also found that
25  both Hluspiriiene and N-acylated fluspirilens (18) prevented 208 impairment by a-
syn cligomers {(FIGS. 7A and 78} as well as amyloid beta cligomers (FIGS. 70
and 7D} in a concentration dependent manner. These studies indicate that the
208 proteasome activators, fluspirilens and N-acylated fluspirilene can overcome
proteasome impairment by IDP oligomers. «-8yn oligomers, like those that inhibit
30 the 208 proteasome, are thought 1o exist in a dynamic sguilibrium with the
maonomaric form. According 1o the studies by Smith and co-workers, the madium
size oligomers werg associated with 208 inhibition {identified in FIGS. 7E and
7G).
{00137} While not wishing o be bound by any specific theory, it was
35  hypothesized that 208 activalors induce degradation of monemeric a-syn and
subsequently shift the equilibrium and reduce the toxic inhibitory medium sized

cligomers. This was explored by examining a-syn oligomer levels after an
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incubation of 24 hours with 205 profeasome, prefreaiad with one of the activators
or vehicle control {DMSQ). The remaining a-syn oligomers wers visualized using
Western blot and the medium sized oligomers {as indicated within the blue block
i FIGS. 7E and 7G) were quantified (FIGS. 7E-7H). FIGS. 7E-7H indicates that
5  the addition of either 2085 activator, fluspiritene and the new analogue N-acylated
fluspirilene (18), lead to a reduction in overall a-syn oligomers, relative to the
vehicle control. This reduction in oligomeric a-syn may account for the restoration
of impaired proteasome activily in the presence of these inhibitory oligomers and
demonsirate the potential of 208 aclivators to re-establishing proteostasis in
10 systems where [DP oligemers inducs proteasome impairment, as seen in many
neurodegensrative dissases.
Example 8: Callular sfficacy:
{00138] The AB3T mutation of a-synuclain has been linked to early on-set
familial Parkinson's disease and appears ¢ oligomerize faster than the wild-type
15 protsin. To examine the effect of flusplritene and Nacylated fluspirilene (18) on
the degradation of the pathogsenic AB3T a-synuclein mutant in cells, we
transiently transfecied the AS3T a-synuclein plasmid into HEK-293T cells and
probed for AB3T a-synuclein protein in the absence and presence of compound.
To ensure thal the observed effect was due io changes al the proisin level,
20 cycloheximide was added to block protein synthasis. As shown in FIG. 8 both
fluspirilene and N-acylated fluspirilene effectively reduced the accumuiation of
ALR3T a-synuclein protein within 8 hours of treatment in a concentration
dependent manner. Importantly, the sffects of the 208 proteasome enhancer A-
acylated fluspirilene (18) was abrogated by blocking proteasomes activity, using
25  the proteasome inhibitcr, bortezomib (BTZ), thereby implicating the proteasome
as the protease responsible for this degradation.
Example 8: Fluspirilene derivatives enhance proteasome activity
{08138] Each of the synthesized fluspiriene analogs {(compounds 11, 16
and 18) and the intermediates (compounds 8, 7, 12-15) used in thair synthasis
30 wers tested for 208 proteasoms activily. FIG. 5 shows the resuilts of extended
flusrogenic peptide analysis of Nacylated fluspirilene. FIG. 3 shows the results
of extended fluorogenic peptide analysis of N-acylated of compounds 16, 18, 11.
These data were collected in triplicate (n=3). Errgr bars denote standard
deviation. Wheregas all of the intermedialss (8, 7, and 12-15) were inaclive,
35  compound 11 and 19 displayed moderate activity. Compound 18, acy! fluspirilene

displayed excelient aclivity.
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{00140 Tha disclosure provides for the following example embaodimanis,
the numbering of which is not to be construed as designating levels of importance:
{00141} Embodimeant 1 relates to a compound of the formula ()

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereof, wherein:
R' is alkyl, alkenyl, cycloalkyl, aryl or heteroaryl; and
R2 is hydrogen, alkyl, cycioalkyl, aryl or heteroaryl.

10 [001421 Embodiment 2 relates to the compound of Embodiment 1, wherein
the compound of formula (1} is a compound of the formula {fa):

R2
NN

| M
3 z’X1 N(N

R z-
D S

R*  ©
{ia)

or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
15 thersof, wherein:

R3 is hydrogen, alkyl, cycloalkyl, aryl, hatercaryl, acyl, amido or ester; and

R*is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or ester;

X' is alkyl or alkenyi;

X2 is N or CR®, wherein R®is absent, hydrogen, alkyl or aryl.
20 00143 Embodiment 3 relates to the compound of Embodiment 1, wherein

the compound of formula (1} is a compound of the formuia (bl

) rj\«

xi” Syt

f/‘"\,
gj
F
{ib)

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
25  thereof
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{001443 Embodimeant 4 relates to the compound of Embodimant 1, wherein
the compound of formula (B} is a compound of the formulae (¢} and (Id):
R? F
"N
NH

kA

R% (\\J\«
X3 N ,
47 e O and i
RO x2 Nj\ﬁ

{Ic) {id}
or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereof,
5  wherein:
nis0,1or2.
{00145 Embodiment 5 relates to the compound of Embodiment 1, wherein
the compound of formula {1} is a compound of the formulaes {le) and (i)
R? F

mg\gﬂ | X R?N*’\
S |
RA'XWN\/’ O and I | NH
HCN N ;
O (/’\\[/ \\,{/\LTH/ ~T D
F/J\f

)

(ie) {H)

10 or a pharmacsutically acceptable salt, polymorph, prodrug, solvate or clathrate
thersof,
wherein:
gis0,tora
{00146 Embodiment € relates to the compound of Embodiment 1, wherein

15 the compound of formula (1} is a compound of the formuia {gh

= G
,:’\\l
s
Rﬁ
{ig)
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale
thereof,
whersgin:
R® is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl;
5  each RSis independently M, alkyl, halo, SRY {(whersin each R is H, alkyi, aryl,
acy! or heterocyelyl), aming, OR7, or acyl;
X' is alkyl or alkenyl; and
X2 is N or CR®, wherein R®is absent, hydrogen, alkyl or aryl.

{00147 Embodiment 7 relates 1o the compound of Embodiment §, wherein
10 atieastone of R%is R7-C=0 or RA-C=0, whersin R%is halo.
{00148 Embodiment 8 relates o the compound of Embodiments 6-7,

wherein X' is -{CHa)y-, whereinnis 8, 1 or 2.
{00148 Embodiment 8 relates to the compound of Embodiment 1, wherein

the compound of formula (1) is a compound of the formulae (Ih) and {H):

R2 /f‘z
\/WO\@ | e
4] ! \

= ° ©
Y
Rfi
{th) {H
1% or a pharmacsutically acceptable salt, polymorph, prodrug, solvate or clathrate

thersof,
whergin:
nis0, 1or2;

R? is hydrogen, alkyl, cycloalkyi, aryl or heteroaryl; and

20 each R®is independently H, alkyl, halo, SR’ (wherein each R’ is H, alkyl, aryl,
acyi or heterccyclyl}, aming, OR’, or acyl.
{00150 Embodimeant 10 relates o the compound of Embodiment 9,
whersin at least one of R? is R7-C=0 or R3-C=0, wherein R® is halo.
{08151} Embodiment 11 relates to the compound of Embodiments 1-10,

25  whersin the compound of formula (1) is a compound of the formula:
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10

, Or
pharmaceutically acceptable salts, polymorphs, prodrugs, solvates or clathrates
thareof,

[00152] Embodiment 12 relales to the compound of the formula (H):

RS \?
X«*’\Xz,x“ N

{1
or a pharmacsutically acceptable salt, polymorph, prodrug, solvate or clathrate
theraof,
wherein:
each R® is independently H, alkyl, halo, SR’ {whersin sach R’ is H, alkyi, aryl,
acy! or heterocyelyl), aming, OR7, or acyl;
X' is alkyl or alkenyi;
X% ig Noor OR®, whersin R® is absent, hydrogen, alkyl or aryl; and
X3 NR® or CIR®),, wherein R8s H, alkyl, acyi, aryl, benzyl or heteracyolyl.
[001531 Embodiment 13 relates 1o the compound of Embodiment 12,
wherein XU is -{CHg)o-, whereinnis 0, 1t or 2.
[00154] Embodiment 14 relates to the compound of Embodiments 12-13,
wherein R8 is R7-C=0 or R%-C=0, wherein R® is halo.
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{00155] Embodimeant 15 relates o the compound of Embodiments 12-14,

wherein the compound of formula (i) is a compound of the formula:

andR®
or a pharmaceutically acceptabile salt, polymorph, prodrug, solvale or clathrate

(4]

thereof, wherein sach R®is independently H, alkyl, halo, SR” {wherein each R7 is
H, alkyl, arvi, acyl or heterocyelyh), aming, OR7, or acyl.
{00156 Embodiment 18 relates to the compound of Embodiment 15,
wherein at least one of R%is R™-C=0 or R%:-C=0, wherein R% is halo.
10 [00157] Embodiment 17 relates o the compound of Embodiments 15-18,
wherein at least one of R is F or CFs.
[00158] Embodiment 18 relates io the compound of the formula (1)
f//\ji/Y%Rw
R3¥1 N\/
T
(ith)
15 wherein:
Y'is atkyl, NR® or O, wherein R is hydrogen, alkyl, cycioalkyl, aryl, hetercaryl, or
heterccyciyl;
Y2 is alkyl, NRf or O;
R¥is hydrogen, aming, alkyl, cycloalkyl, aryl, heteroaryl, CH{FR®:, CH,R® ORY,
20 NHR® or S{0O)R® wherein each alkyl, cycioalkyl, aryl, heteroaryl is optionally

substituted; and
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R'"hydrogen, amino, alkyl, cysloalkyl, aryi, heteroary! or CH{RY,, CHR®, OR®
NHR®, S{OKR®, wherein each alkyl, cycloalkyl, aryl, hetercaryl is optionally

substituied.

{00158 Embodimeant 19 relates to the compound of Embodiment 18,
5 whersin R%Y! forms the same group or a differsnt group as R1%Y2

{001501 Embodiment 20 relates o the compound of Embodiments 18-19

wherain Y is O or NR®, wherein B can be alkyl or cycioatkyl

{00151 Embodiment 21 relates 1o the compound of Embodiment 18,

wherein Y or Y2 is CHa.

16 [00162] Embodiment 22 relates to the compound of Embodiments 18-21,
wherein R°-Y! forms different groups than R'%-Y2,
{00163 Embodiment 23 relates o the compound of Embodiments 18-22,

wharein the compound is a compound of the formula:

E/\N"YZRW %&8 r/\E‘IJ/Ysz \ Cj\r‘yaﬂm
LN NN RYI N
Ry Ry Y
Q 1 Q 1 R O
‘}(:‘—X;}{\i (’\N/Yerm !,{:/ !- r/\N/Y?"R'iG
Z
18 X N ,
(\N/YER’EQ
/(YET,N\/'
A ©
57
W'fw‘%
oo
‘\Y’Z ‘
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i/\"‘ N\)
o )
b
W
; i
X\}{’z
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2 /YE 3
(/A‘N/Y“R10 J/A\N Rw
% ¥ N
{ i i -
W&\ < Z if Q‘QT/ e 8]
o
= 27
?)
]/\N/Y\Rfm o~ /Y%R1G
XN 1 J
X - e Y
Q ‘Q\i}/ \\n/ ?thZ \r’ o
Het! "y22 O or Hett o
wherain:

each of the forsgoing compounds can be further substitutad;
Wis Nor G- XisNor C-B* Y is Nor C-B* and Z is N or C-B°; wherein
each R* is independently H, halo, alkyl, haloalky!, alkaxy or heterocyciyl; and

&

Het! and Het® are each, independently, a helerocyelyl group.

{00184] Embodimeant 24 relates to the compound of Embodiment 23,

whersin Het' and Het® are each, independently, furanyl, thiophenyl, pyrrolyl,
10 pyrazolyl, imidazolyl, triazolyl, oxazolyl, thiazolyl, pyridinyt or pyrimidinyl.

[00165] Embodiment 25 relates 1o the compound of the formula (IV):

RE{/\XS/

Xli
rid”

R‘!;?v
{1V

R":S

——

wherein:
15 X* is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
hetsrocyciyl;
X% is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
hetercoyciyl;
each RPis independently H, acyl, carboxyl or C{O)RE, wherein R is H, akyl, acyl,
20 aryl, benzyl or heterooyciyl;
Ri'*is hydrogen, amino, alkyl, cycloalkyl, aryl, hetercaryl, acyl, thicacyl,
RUCINR™, amido or carbamate, each of which alkyl, cycloalkyl, aryl, heteroary!,
acyl, amido, and carbamaie is optionally substituted with cycloalkyl, aryl,
hetercaryl, each of which cycloalkyl, aryl, and hetercaryl is optionally substituted
25  with halogen, aming, alkoxy, S{O), whergin x is 0, 1 or 2, acyl, amido or
heterocyciyl; and
R'™is hydrogen, amino, alkyl, cycloalkyl, aryl, hetercaryl, acyl, thicacyl,
RUC{NR™, amido or carbamate, sach of which alkyl, cycloalkyl, aryl, heteroaryl,
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acyl, amido, and carbamale Is oplionally substituted with cycloalkyl, aryl,
hetercaryl, each of which cycloalkyl, aryl, and hetercaryl is optionally substituted
with halogen, aming, alkoxy, S{O), wherein xis 0, 1 or 2, acyl, amido or
hetsrocyclyl; or

5  R¥ and B"Y, together with ths atoms to which they are each attached, form a

heterocyciyl group.

{00156 Embodiment 26 relates 1o the compound of Embodiment 25,
whersin R' or R'® is RMC(8).
{00187 Embodiment 27 relates o the compound of Embodiments 25-26,

10 wherein R'* forms a different group than R™.

{00168 Embodiment 28 relates to the compeound of Embodiment 25-27,
whearein at least one of R and R’ can be acyl, each of which can bs substituted
with a group R®-Y'-, wherein:
15 Yis alkyl, NRP or O, wharein R is hydrogen, alkyl, cycloalkyl, aryl, heteroaryl,
or hetarocyelyt; and
R%is hydrogen, aming, alkyl, cycloalkyl, aryl, heteroaryl, CH{FR®, CHRS,
OR®, NHR® or S{OLR®, wherein each alkyl, cycloalkyl, aryl, hetercaryl is
optionally substituted with, 8., grouns including halogen, aryl, aming, alkoxy,

20 S{O), wherein x is 0, 1 or 2, acyl, amido or heferocyelyl.
{00189] Embodiment 29 relates o the compound of Embodiments 25-28,
wherein the compound is a compound of the formula:
1%
15 18 g3 R
R13 R R13 R ~ Ty
/\XS \r/\xs 3 \)X
RY ’N\/’j R 'N\) R\T/N ]
\f ,—Efij R12
O R13 ’ S R‘E?- , R14 ]
R‘\ﬁ
i Ris R15 R'? -
H R T RE H \T H W/\X
NN N RN~
13 < R4~ N
RN T T RS
O R , R or R
25 or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or
clathrate thereof.
001703 Embodiment 30 relates o the compound of Embodiments 25-29,

whergin the compound is a compound of the formuia:
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or a pharmaceutically acceptable salt, polymorph, prodrug, soivate or

clathrate thereof.
Embodiment 31 relates o the compound of Embodiments 25-29,

5 [B0171]
wherein the compound is a compound of the formula:
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate

(4]

thereof wherein:

sach of the foregoing compounds can be further substituted;

Y1 is atkyl, NR® or O, wherein RE is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, or

hatercoyclyl;

R¥%is hydrogen, amino, alkyl, cycloalkyl, aryl, heteroaryl, CH{FR®),, CH:R®, ORY,

10 NHR® or S{O)R®, wherein sach alkyl, cycloalkyl, aryl, heteroaryl is optionally
substiiuted with, e.g., groups including halogen, aryl, aming, alkoxy, S{Q),,
wherein x is 0, 1 or 2, acyl, amido or heterocyclyl;
Wis N or C-R®; Xis Nor G-R* Y is N or C-B*; and Z is N or C-R™; wherein
sach R is independently H, halo, alkyl, haloalky!, alkoxy or heterccyciyl; and

15  Het' and Het® are each, independently, a heterocyclyl group.

001721 Embodiment 32 relates 1o the compound of Embodiment 31,

whergin the compound is a compound of the formula:
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O or a pharmaceutically acceptable salt,
polymarph, prodrug, solvate or clathrate thereof,
5 {00173} Embodiment 33 relates 1o the compound of Embodiment 25,
wherein the compound is a compound of the formuia:
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5  or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale
thereof wherein:
each of the foregoing compeunds can be further substituted;

Y'is alkyl, NR® ar O, wherein R? is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
heterocyciyl;

10 R%s hydrogen, amino, alkyl, cycloalkyl, aryl, heteroaryl, CH{R®,, CHxR® OR®,
NHR® or S{0)R°, wherein each alkyl, cycioalkyl, aryl, hetgroary! is optionaily
substituted with, 8.¢., groups including halogen, aryl, aming, alkoxy, S{O)y,
wherein x is 0, 1 or 2, acyl, amido or heterocyclvi;

Wis Nor G-R%; Xis Nor C-R% Yis N or C-R%; and Z is N or C-R%,; wherein

15  each R is independently H, halo, alkyl, haloalkyl, alkoxy or heterocyciyl; and
Het' and Het? are sach, independently, a heterocyclyl group.

{00174 Embediment 34 relates to the compound of Embodiment 33,

wherein the compound is a compound of the formula
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and

5 a pharmaceutically acceptable salt, polymorph, prodrug, solvaie or clathrate
thereof.
{00175 Embodiment 35 relates 1o the compound of Embodiment 25,
wherein the compound is a compound of the formuia:
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or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
thereof wherein:
sach of the foregoing compounds can be further substituted;
10 Y'is alkyl, NR® or O, wherein RE is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, or
hatercoyclyl;
s hydrogen, aming, alkyl, cycloalkyl, aryl, heteroaryl, CH{R®),, CH.RY, ORS,
NHR® or S{Q)R®, wherein each alkyl, cycicalkyl, aryl, heigroaryl is optionaily
substituted with, e.g., groups including halogen, aryl, aming, akoxy, S{(Q,
15 wherein xis 0, 1 or 2, acyl, amido or heterocyclyl;
Wis Noor C-R%: Xis Nor O-R%: Yis N or C-R" and Z is N or C-R*: wherein
sach R™ is independently H, halo, alkyl, haloalkyl, alkoxy or heterccoyclyl; and
Het' and Het? are each, independently, a heterocyelyl group.
{00176} Embodiment 36 relates o the compound of the formula (V)
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R XN 3
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{V)
or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereof,
5  wherein:

X' is alky! or alkenyi;
R2is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl;
R'*is hydrogen, alkyl, cycioalkyl, anyl, heteroaryl, acyl, amido or carbamaie, each
of which alkyi, cycloakyl, aryl, hetercaryl, acyl, amido, carbamate is optionaily
10 substiuted with cycloalkyl, aryl, hetercaryl, each of which cycicalkyl, aryi, and
hetsroary! is optionally substituted with halogen, amine, alkoxy, S{O)x, whersin x
i5 0, 1 or 2, acyl, amido or heteroeyolyl;
R'>is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or carbamate, each
of which alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido, carbamate is optionally
15 substituled with cycloalkyl, aryl, heteroaryl, sach of which cycioalkyl, aryl, and
hetercary! is optionally substituted with halogen, amino, atkoxy, S{Q),, wherain x
is 0, 1 or 2, acyl, amido or helergeyclvl; and
R'® iz M, acyl, carboxy! or CIOIRE, whersin R® is H, alkyl, acyl, aryl, benzyl or
heterocyciyl; or
20 R"™and R'™ or R and R'S together with the atoms io which they are each
attached, form a cyclic group.
(00177 Embodiment 37 relates 1o the compound of Embodiment 36,
wherein R and R or R and R'®, together with the atoms 1o which they are
gach attached, form a cycloalkyl or a heterccyclyl group.
25 (00178} Embodiment 38 relates o the compound of Embodiments 36-37
wherein X' is ~({CHa)r, wherein nis 0, 1 or 2.
[001791 Embodiment 39 relates to the compound of Embodiments 36-38,
wherein at least one of R' and R'™ is halogenated aryl.
[001801 Embodiment 40 relates to the compound of Embodiments 36-38,
30  wherein the halcgenated aryl is a para-halcgenated aryl.
{001813 Embodiment 41 relatas o the compound of Embodiments 36-40,

wherein the para-halogenated ary! is a para-fluoro aryl group.

~j
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001823 Embodimeant 42 relates to the compound of Embodiment 36,
wherein the compound is a compound of the formuia:
RZ
N
P | NH
X : XN~ O
;’,’F_\\ R18
J
F

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

5 thergof
{00183 Embodiment 43 relates o the compound of Embodiments 36-42,
wherein R'® is C{OIR®
{00184 Embodiment 44 relates o the compound of Embodiment 36,
wherein the compound is a compound of the formula:
10
or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereof.
[00185] Embodiment 45 relates 1o the compound of the formula (Vi):
R
Rgr N‘#\NH
R17/X1 N\T\’j\‘g)
R’!B R’iS
15 (Vi
or a pharmacsutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereof,
wherein:

X' is alkyl or alkenyi;
20  R2is hydrogen, alkyl, cycloalkyl, aryl or hetsroary!;
gach R iz H, acyl, carboxy! or C{OYR®, wherein R3 is H, alkyl, acyl, aryl, benzyl

or heterpoyelyl;
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10

15

20

R'"is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or carbamate, sach
of which alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido, carbamate is optionally
substituted with cycloalkyl, aryl, heteroaryl, sach of which cycioalkyl, aryl, and
hetercary! is optionally substituted with halogen, amino, atkoxy, S{Q),, wherain x
is 0,1 or 2, acyl, amido or heterocyclvl;

R'%is hydrogen, akyl, OR'® (wherein R'® i hydrogen, alkyl, cycloalkyl, aryl or
hetercaryl} cycloalkyl, aryl, heteroaryl, acyl, amido or carbamate, each of which
alkyl, cycloalkyl, aryl, heteroaryl, acyl, amido, carbamate is optionally substituted
with cycloalkyl, aryl, hetercaryl, each of which cycloalkyl, aryl, and hetergary! is
optionally substituted with halogen, aming, alkoxy, 5(C)y, wherein xis 0, 1 or 2,
acyl, amido or heterocyclyl; or

R'7and R'® togsther with the atoms to which they are attached, form a cycioalkyl,
ary! or haterooyelyi group. In one example, OR forms a helgroaryl group of the
formula:

Sy
i

LW&H

& s or

Y

R® and R'®, fogether with the atoms to which they are each attached, form a
heterocyciyl group.

001861 Embodiment 48 relates to the compound of Embodiment 45,
wherein X' is -{CHalr, whersinnis §, 1 or 2.
001871 Embodiment 47 relates o the compound of Embodiments 45-486,
whergin R'% is C{O)R5,
{00188] Embodimeant 48 relates to the compound of Embodiment 45,
wherein the compound iz a compound of the formula:
R?
R13 NI\NH
RW/XL]/m
REc  R©

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or
clathrate thereof.
001893 Embodiment 49 relates o the compound of the formula;
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or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
theraof,
wharein:

X% is CR® or N, wherein R¥ is hydrogen, alkyl, cycioalkyl, aryl, hetercaryl, or

L

heterccyciyl;
X° is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
heterccyciyl;
sach R is independently H, acyl, carboxyl or C{O)R8, wherein R¥is H, alkyl, acyl,
10 aryl, benzyl or heterceyciyl;
R'*ig hydrogen, amino, alkyl, cycloalkkyl, aryl, heteroaryl, acyl, thicacyl,
RUCINR'™), amido or carbamate, sach of which alkyl, cycloalkyl, aryl, hetercaryl,
acyl, amido, and carbamate is optionally substituted with cycloalkyl, aryl,
hetercaryl, each of which cycicalkyl, aryl, and hetercaryl is optionally substituted
15 with halogen, amino, alkoxy, S{O), wherein x is 0, 1 or 2, acyl, amido or
hetsrocyclyl; and
R and R are each, independenily, hydrogen, amine, alkyl, cycloalkyl, aryl,
heteroaryl, acyl, thivacyl, R™“C{NR™), amido or carbamate, sach of which alkyl,
cycloalkyl, aryl, heteroaryl, acyl, amido, and carbamats is optionally substituted
20 with cycloalkyl, aryl, helercaryl, each of which cycloalkyl, aryl, and heteroaryl is
optionally substituted with halogen, amino, akoxy, S(Qh, wherein xis 0, 1 or 2,
acyl, amido or heterocyclyl; or
R'¥ and R'™, together with the atoms to which they are each attached, form a
heterocyciyl group; or
25 R and R, together with the atoms o which they are each attached, form a
cycloalkyl, heterocyelyl or aryl group.
{00190 Embodiment 50 relates 1o the compound of Embodiment 49,

wherein the compound is a compound of the formuia:
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~
Do O, .0
N

E R13 j\
O
JSUST
L,
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or
clathrate thereof.
001913 Embodimant 51 relaies i a pharmaceutical composition
5 comprising one or more compounds of Embodiments 1-50 and one or more
pharmaceutically accepiable excipisntis.
{00192] Embodiment 52 relates o a method for treating a
neurcdegensrative disease comprising administering a therapeutically effeciive
amount of Huspriline, at least one compound of Embodiments 1-50 or a
10 pharmacsutical compaosition of Emdoiment 51 to a subjact in nead thereof.
{00193 Embodiment 53 relates to the msthod of Embodiment 52, wherein
the neurodegenerative dissase is at least cne of Parkinson’s disease,
Alzheimer’s disease, Huntinglon's dissase, and ALS.
{00194} Embodiment 54 relates (o a msthod for reducing, substantially
15 sliminating or sliminating dysreguiation of prolsostasis comprising adminisiering
a therapsufically effective amount of fluspriling, at lsast one compound of
Embodiments 1-50 or a pharmaceutical composition of Embodiment 51 o a
subject in need thereof,
{00185 Embodiment 55 relates to a msthod for reducing, substantially
20 sliminating or eliminating the accumulation of intringically disordered profeins
comprising administering a therapeutically effective amount of flusprilineg, at least
cne compound of Embodiments 1-50 or a pharmacsutical composition of

Embodiment 51 o a subject in need therect..
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What is Claimed:

1. Acompound of the formula ()

{t}
or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereot, whersin:

(93]

R' is alkyl, alkenyl, cycloalkyl, aryl or heteroaryl; and

R2 is hydrogen, alkyl, cycioalkyl, aryl or heteroaryl.

2. The compound of claim 1, wherein the compound of formula (1) is a compound
10 of the formula (la):

RZ
\N""\

(\}’\(NH

RI X' N
Sy
{ia)
or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate
thereof, wharein:
15 R%is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or ester; and
R*is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or ester;
X' is alkyl or alkenyi;
X2 is N or CR®, wherein R®is absent, hydrogen, alkyl or aryl.

203 3. The compoundof claim 1, wherein the compound of formula (1) is a compound
of the formula (ib):
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or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrale

thereof.
4. The compound of claim 1, wherein the compound of formula (1) is a compound
5 of the formulae {Ic) and (Id):
R E

N

NH X R
Y @ N
R;s’x‘fvj/\T(N\/’ o and i %
] O NXW/N Q
1& Y
/"\\% 0
F

{lc) {ld}

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereof,

whergin:

nis0, 1or2.

10
5. Thecompound of claim 1, wherein the compound of formula () is a compound
of the formulae (le) and (i
R? b

N ' 2
R? (\HNH © R\P?V\NH
R.gfxz‘\t)(\iwﬂv”' O and ; %

O (\\FXWN D
A o

(ie) {if)

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
15 thersof,
whergin:

gisg, tore

6. The compound of claim 1, wherein the compound of formula (1) is a compound

20 of the formula (g):
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R?
RE_IZ N, P
A X! m
L7
Q
b
RES
{ig)
or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thersof,
5  wherein:

R2is hydrogen, alkyl, cycloalkyi, aryl or heteroaryi;
each R is independently M, alkyl, halo, SR’ {wherein each R’ is H, alkyi, aryl,
acy! or heterocyclyl), amino, ORY, or acyi;
X'is alkyl or alkenyl; and
13 XZis Nor CR®, wherein R®is absent, hydrogen, akyl or aryl,

7. The compound of claim 8, wherein at least one of R% is R-C=0 or R&-C=0,
wherein B? is halo.

15 8. The compound of claim 6, wherein X' is -{CHo)n-, whereinnis 0, 1 or 2.

8. Thecompound of claim 1, wherein the compound of formula (1) is a compound
of the formulae (h} and (1i):

R2 =g
N /s
Rﬁ,..f;{-\} [/ | NH AN IN____\
% N \\ 526 N {  NH
w0 5l
J\ L‘\\\/"w/JAL\{r,N
B O
( 0 T
i
\\,\Hﬁ
R
{th) (I

or a pharmaceutically acceptabile salt, polymorsh, prodrug, solvale or clathrate
20 thersof,

wherein:

nis 0,1 or2;

R? is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl; and

80
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each R® is independently H, alkyl, halo, SR’ {whersin each R’ is H, alkyi, aryl,
acy! or heteroeyelyl), aming, OR’, or acyl.

10. The compound of claim 8, wherein at least one of R¥ is R*-C=0 or R&C=0,
5 wherein B8 ig halo.

11. The compound of claim 1, wherein the compound of formula (1) is a compound
of the formula:

g e
N 2 ,’ll
N AN
(\V\J\/\/A\F/S\O\\g ﬂ\(/;) |/ N
e \ o ! o= \n/ ™ ©
[\\%f ; F/‘\\/) o ’
L]
N
NH
\
o

10 , Of
pharmaceutically acceptable salts, polymorphs, prodrugs, scivates or clathrates
theraof,
12. A compound of the formula ()
‘\\% ! Xz/X1T/N\\/!
r’«?"[\ ©
15 RS

{n
or a pharmaceutically acceptabile salt, polymorsh, prodrug, solvale or clathrate
theraof,

wherein:

81
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10

15

20

each R® is independently H, alkyl, halo, SR’ {whersin each R’ is H, alkyi, aryl,
acy! or heterocyelyl), aming, OR’, or acyi;

X'is alkyl or alkenyi;

X% is N or CR®, wherein B is abseni, hydrogen, alkyl or aryl; and

X3 NR? or C(RB),, wherein B8 is H, alkyl, acyl, aryl, benzyl or heterocyclyl.

13. The compound of glaim 12, whersin X' is -{CHz).-, whersinnis §, 1 or 2.

14, The compound of claim 12, wherein R%is R"-C=0 or R%-C=0, wherein R is
hala.

15. The compound of claim 12, whersin the compound of formula (1) is a

compound of the formula:

andR®
or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereof, wherein each R®is independently H, alkyl, halo, SR’ (wherein each R is

H, alkyl, aryi, acyl or heterocyclyl), amine, ORY, or acyl.

18. The compound of claim 15, wherein at least ong of R is R"-C=0 or R%C=0,
wherein B? is halo.

17. The compound of claim 15, whergin at least one of R® is F or CFa.
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18. A compound of the formula (i)

,/A\N"YERW
YN
T

{IiH

whergin:
5  Y'lis atkyl, NR®or O, wharein B® is hydrogen, alkyl, cycloaikyl, aryl, heteroaryl, or
hetsrocyciyl;
Y2 ig alkyl, NRS or O;
R¥%is hydrogen, amino, alkyl, cycloalkyl, aryl, heteroaryl, CH{R®),, CHR® OR®,
NHB® or S{OLR®, wherein sach alkyl, cycioalkyl, aryl, heteroary! is optionally
10 substituled; and

R'"hydrogen, amino, alkyl, cycloalkyl, aryl, heteroary! or CH(R™:, CH.R® OR?
NHR®, S{O)NR® wherein each alkyl, cycioalkyl, aryl, heteroaryl is optionally
substituted.

15 19 The compound of claim 18, wherein R%Y" forms the same group or a different
group as RW-¥2
20. The compound of claim 18, wherein Y is O or NR?, whergin R? can be akyl
or cycloalkyl.

20 21 The compound of claim 18, wherein Y or Y2 is CHa.

22. The compound of claim 18, wherein R®-Y' forms different groups than R'%-Y2

23. The compound of claim 18, wherein the compound is a compound of the

25 formula:

[/"\N/YERvm Rg [/\N‘,Y%le ]//\N/Y%R»m
0N NN RS vi_n._J
oy oy Yy

o , v , R® O ,
:E";XW /«‘N"Y%R’iﬁ g AN xY?; 10
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;'";L\W © A O
] A )
Z {/ i
- X R



PCT/US2021/045446

WO 2022/035902

2

N
-
(N7 TR
o
N
2
(\N”Y‘RW
A

Y.
Y

¢
{
0)
N
AN
w
N
RQ
&)
RS
RQ
N
H

Z W
Z z /wa Nv.no NvHO
qw.;v\lo va./ © Am_..\/\” © aw..“. Ww
/.l r«”& _— /:9 .\\..llf)/ /r ,l&\,.!.h/ _ o) 4]
\ , = = = =
o OO OGS O
W

84



WO 2022/035902 PCT/US2021/045446

4
. .
’\N/Y\P/NV/ }51 Y\T
a | N o |
/"\N/‘Y%Ram
2 i
;"//\N/Y\R’m %‘}.VV ¥ /N\..//I
i AN
1
Y Y\er\ );(i = Y’»Z O
s ') Y,
2
.f/\i\!’YERW N’Y‘R’m
}‘}'W\\:/y’i\fw\’) U
| i i
[:/\ Y’”Z o) 7’/
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Het! "SyeL O or Het'” o
5  wherein:
each of the foregoing compounds can be further substituted;
Wis N or C-R®; Xis Nor G-R* Y is N or C-B*; and Z is N or C-R™; wherein
each R is independently H, halo, alkyl, haloalkyl, alkoxy or heterocyelyl; and
Het' and Het® are each, independently, a heterocyelyl group.
10
24. The compound of claim 23, wherein Het' and Het® are each, independently,
furanyl, thiophenyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl, thiazolyl,
pyridinyt or pyrimidinyl.

15 25 A compound of the formula (Vh

12 RS
R Xﬁf
xi
R Y
R13
(v}
wherein:
X* is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or

2  heterccycivl;
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30

X% is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl, or
hetercoyciyl;

each R is independsntly H, acyl, carboxyl or C{OIR®, wherein R¥is H, alkyl, acyl,
aryl, benzyl or hetsrocyclyl;

R'*is hydrogen, aming, alkyl, cycloalkyl, aryl, hstercaryl, acyl, thicacyl,
RUCINR™, amido or carbamate, each of which alkyl, cycloalkyl, aryl, heteroary!,
acyl, amido, and carbamaie is optionally substituted with cycloalkyl, aryl,
hetercaryl, each of which cycloalkyl, aryl, and hetercaryl is optionally substituted
with halogen, amine, alkoxy, S{O),, whersin x is 0, 1 or 2, acyl, amido or
heterocyclyl; and

R'*is hydrogen, amino, alkyl, cycloalkyl, aryl, hetercaryl, acyl, thioacyl,
R“CNR™, amido or carbamate, sach of which alkyl, cycloalkyl, aryl, heteraryl,
acyl, amido, and carbamate i3 optionally subsiituted with cycloalkyl, aryl,
hetercaryl, each of which cycloalkyl, aryl, and hetarcaryl is optionally substituted
with halogen, amino, alkoxy, S{O), whergin x is 0, 1 or 2, acyl, amido or
haterooyclyl; or

R® and R™, togsther with the atoms to which they are each attached, form a
haterooychyl group.

26. The compound of ¢laim 25, wherein R™ gr R™ is RMC(8).

27. The compound of claim 25, wherein B forms a different group than R'S.
p

28. The compound of claim 25, wherein at least one of R™ and A'® can be acyl,
gach of which can be substituted with a group R°-Y'-, wherein:
Y'is alkyl, NR® or O, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heteroaryl,
or heterocyclyi; and
R%is hydrogen, aming, alkyl, cycloalkyl, aryl, heteroaryl, CH(R®, CHR®,
OR®, NHR® or S{O)R®, wherein each alkyl, cycloalkyl, aryl, hetercaryl is
optionally substituted with, e.g., groups including halogen, arvl, amino, alkoxy,

SO, wherein xis 0, 1 or 2, acyl, amido or heterocyclvl.
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29. The compound of claim 25, wherein the compound is a compound of the

1%
18 R13 R
R18 R R 13 R B
x5 X8 s
14
R4 ;];/\ R4 \NK\,J R\FXN\’)
: 5 13
0 R'i?e \E R13 R14—*‘N R
formula; .
R‘ES

R13 RS H R0 ol
T e
R'M"'i\j\].r’ '\.i R‘I-ﬂ"N\P/‘ ‘T/

R'Eo , S R’ﬁ or

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

&

clathrate thereof.

30. The compound of claim 25, wherein the compound is a compound of the

formula:

T3 S,Rﬁ' LS
14
< \(\x R /[,N
R‘!3
i N, .
N R%T ‘Rﬁj
10 R OF

or a pharmaceutically acceptable salt, polymorph, prodrug, soivate or
clathrate thereof.

31. The compound of claim 25, wherein the compound is a compound of the

15 formula:
5 & 5
r\ X3 R N X /\N,X\Rw
8 i
E\i RS/\H/ \é R\/G\Ers\a\/
c} b 5 0 3
5 § 5
5;{8 ‘,/\N X R K\N,X\R15 R? {AN'X“Rm
(7] H
R\/'N *N\/J R&’OYN\/’I Rﬁ"N\(N\/’j
O O (&)
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< N YN
S 2
O
X8 = X3
/’”\N, \Rﬂ; i ; K\N,— *,R—Es
8 r L\% ! 1
Rl ,N\) gt N
O , O )
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R® : l/\j\i : \/i:i{\ 1 TR
“N”Y N N/Y\ﬂ,i\i\/
H O H O ’
3 5
[/\N R‘li‘”» {/A\N’X\R’Es
"v\i f‘{1 N \
Yo . !
= O = O
5
i/\i\l\i"x*R’i‘i /\N‘XE"‘R'iS
x M YN W N
- . i
X NyhyrE O NNy 0
5 "z =
8
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5
1 X3
Dah (YR
i . }
X,W\ - 3 XW\ YWN\/
4 1/& Z O
Ny o -
| Hell Py . and
AN’X%R’SS
¥1 N
pee
Het' C

or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thersof wherein:
10 each of the foregoing compounds can be further substituted,;
Y'is aikyl, NR® ar O, wherein R8 is hydrogen, alkyl, cycicalkyl, aryl, heteroaryl, or
hatercoyclyl;
R™is hydrogen, amino, alkyl, cyclealkyl, aryl, heteroaryl, CH{R%,, CH:R®, ORS,
NHR® or S{0O)R" wherein each alkyl, cycicalkyl, aryl, heigroary! is optionally
15 substiiuted with, 8.¢., groups including halogen, aryl, aming, alkoxy, S{0O)y,

o

wharein x is 0, 1 or 2, acyl, amido or heterocyclyl;
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Wis Nor C-B Mis Nor C-B Yis Nor C-R™ and Z is N or C-B*. wherein
each R¥ is independently H, halo, alkyl, haloalkyl, alkoxy or heterocyaiyl; and
Het' and Het? are each, indspendently, a helerocyclyl group.

5 32 The compound of claim 31, whersin the compound is a compound of the

formula:
£
SA ©
L. e
/\/QYN P
0 )
2
L
N /\N/ \§J
k\v’ ,G\ET,N\V/E \Q/J\F
O , and
RQA
i
R%\?"/”\H o~ /b@_/ RUA
A0 N\,) P
O

or a pharmaceutically acceptabie salt,
10 polymorph, prodrug, solvats or clathrate thersof,

33. The compound of claim 25, wherein the compound is a compound of the
formula:

x5 X8 X8
-~ ‘R’iﬁ 'A\\r/ ~R15 Y ‘R’i 5
R? EO 4 N( J R .o ﬁ
R '\\Tr e N
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or a pharmaceutically acceptabie salt, polymorph, prodrug, solvale or clathrate

thereof whersin:

sach of the foregoing compounds can be further substituted;

10 Y'is alkyl, NR® or O, wherein RE is hydrogen, alkyl, cycicaikyl, aryl, heieroaryl, or

heterooycivl;

R¥is hydrogen, amino, alkyl, cyclealkyl, arvl, heterparyl, CH{R%),, CHR®, ORS,

NHR® or S{O)R", wherein each alkyl, cycioalkyl, aryl, hetgroary! is optionaily

substiiuted with, e.g., groups including halogen, aryl, aming, alkoxy, S{Q),

15 wherein xis 0, 1 or 2, acyl, amido or heterocyclyl;
Wis Noor C-R%: Xis Nor O-R%: Yis N or C-R" and Z is N or C-R*: wherein
sach R™ is independently H, halo, alkyl, haloalkyl, alkoxy or heterccoyclyl; and

Het' and Het? are each, independently, a heterocyelyl group.
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34, The compound of claim 33, whersin the compound i a compound of the

formula
B
r’i\
@
HsCO g

S
5 \ and
F
™
:/E
:l =
o -
or

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

thereof.

10 35 The compound of claim 25, wherein the compound is a compound of the

formula;
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-~
, and Het! O

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
thereof wherain:

10 each of the foregoing compounds can be further substituted;
Y'is alkyl, NBBor O, wherein RE is hydrogen, alkyl, oycloalkyl, aryl, hetercanyl, or

heterceyciyl;
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10

Y

25

30

R%is hydrogen, amino, alkyi, cycloalkyl, aryl, heteroaryl, CH(R%,, CHR®, OR®,
NHR® or S{OLR°, wherein sach alkyl, cycioalkyl, aryl, neteroary! is optionaily
subsiituied with, e.g., groups including halogen, aryl, aming, alkoxy, S(0},,
wherein x is Q, 1 or 2, acyl, amido or heterocyelvt;

Wis Nor C-R%; Xis Nor C-R%; Yis N or C-R%; and Z is N or C-B%; wherain
each R* is independently H, halo, alkyl, haloalkyl, alkoxy or heterocyelyl; and
Het! and Het? are each, indspendently, a heterocyclyl group.

36. A compound of the formula (V)

RZ
‘N
S
14yl i
0
R15 R’:lﬁ
(V)
or a pharmaceutically acceptable salt, polymaorph, prodrug, sclvate or clathrate
thereof,
whergin:

X' is alky! or alkenyi:

R® is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl;

R'*is hydrogen, alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido or carbamate, sach
of which alkyl, cycloalkyl, aryl, hetergaryl, acyl, amidgs, carbamale is gplionally
substituied with cycloalkyl, aryl, heteroaryl, each of which cycloatkyl, aryl, and
hetercaryl is opticnaily substituted with halogen, amino, alkoxy, S{Q}), wherein x
is 0,1 or 2, acyl, amido or heterocyclyl;

R'™is hydrogen, alkyl, oycioaltkyl, aryl, hetercaryl, acyl, amido or carbamate, each
of which alkyl, cycloakyl, aryl, hetercaryi, acyl, amido, carbamate is optionaily
substituied with cycloalkyl, aryl, hetsroaryl, each of which cycloalkyl, aryl, and
hetercaryl is opticnaily substituted with halogen, amino, alkoxy, S{Q})y, wherein x
is 0, 1or2, acyl, amido or heteroeyclyl; and

R'® is H, acyi, carboxyl or C{ORE, wharein R® is H, alkyl, acyl, aryl, benzy! or
heterocyciyl; or

R and R'® or R'® and R'S, together with the atoms to which they are each

attached, form a cyclic group.
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10

20

37. The compound of claim 38, wherein R™ and R or B and R'®, fogether with
the atoms to which they are each atfached, form a cycloalkyl or a heterooycliyl

Group.
38 The compound of claim 36, wherein X' is ~{CHz)~, whersinnis 6, 1 or 2.

39. The compound of claim 36, wherein atleast one of B and R ig halogenated
aryl.

40. The compound of claim 36, wherein the halogenated aryl is a para-
halogenated aryl.

41, The compound of claim 40, wherein the para-halogenatsd arylis a para-fluoro

aryi group.

42. The compound of claim 38, wherein the compound is a compound of the

formula:

T T
d I’
NP

F
or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate

thereof.
43. The compound of claim 36, whersin R'S is C{O)RS,

44, The compound of claim 386, wherein the compound is a compound of the

formula:
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R.’rf

! MNH
14 31 (\/[\‘(
R\I/XIS\EV L
R15
O

RE or

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

thereof.

(4]

45. A compound of the formula (Vi)
R2
R~
R‘i?"x1 N b
R'EB R’ES
(Vi)

or a pharmaceutically acceptable salt, polymaorph, prodrug, sclvate or clathrate
thereof,

10 whersin:

X'is alkyl or alkenyl;

R® is hydrogen, alkyl, cycloalkyl, aryl or heteroaryl;

each R is H, acyl, carboxyl or CIOWRE, wherein R® is H, alkyl, acyl, aryl, benazyl
or helsrocyclyl;

15 RYis hydrogen, atkyl, oycioaltkyl, aryl, hetercaryl, acyl, amido or carbamate, each
of which alkyl, cycloalkyl, aryl, hetercaryl, acyl, amido, carbamate is optionally
substituied with cycloalkyl, aryl, heteroaryl, each of which cycloatkyl, aryl, and
hetercaryl is opticnally substituted with halogen, amino, alkoxy, S{0O}),, whergin x
is 0, 1or2, acyl, amido or heterocyciyl;

20  R'™is hydrogen, akyl, OR'® {wherein R' is hydrogen, alkyi, cycioalkyl, aryi or

hetercaryl} cycloalkyl, aryl, heteroaryl, acyl, amido or carbamate, sach of which

alkyl, cycloaikyl, aryl, heterparyl, acyl, amido, carbamate is optionally substituted
with cycloalkyl, aryl, hetercaryl, sach of which cycloalkyl, aryl, and hetergary! is

optionally substituted with halogen, aming, alkoxy, 5(C)y, wherein xis 0, 1 or 2,

PO
(&3]

acyl, amido or hatergoyciyl; or
RY and R'8 togsther with the atoms to which they are atiached, forn a cycloalkyl,
aryt or heterocyely! group. In one example, OR' forms a hetsroaryl group of the

formula:

a8
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——n

&

Kﬂ/z{m
o

RS and R'® together with the atoms o which they are each attached, form a

,ar

haterooychyl group.

48. The compound of claim 45, wherein X' is {(CHolo-, whereinnis ¢, 1 or 2.

L

47. The compound of claim 45, wherein R'® is G{ORE

48. The compound of claim 45, wherein the compound is a compound of the
10 formula:

RE!
N
RE o~ N
KN
R Y ©
gEoIc R
or a pharmaceutically accepiable salt, polymorph, prodrug, sclvate or

clathrate thereof.

15 48. A compound of the formula:

R

"o

,X4 /\

R14 RTG
R13

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or clathrate
therecf,
wherein:

20 X*is OR® or N, wherein R? is hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, or
heterceyciyl;
X® is CR® or N, wherein R® is hydrogen, alkyl, cycioalkyl, aryl, heterocaryl, or
hetasrocyciyl;
each R is independsntly H, acyl, carboxyl or C{O)R®, whersin R®ig H, akyl, acyl,

25 aryl, benzyl or hetsrocyciyl;
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R'*is hydrogen, amino, alkyl, cycloalkyl, aryl, hetercaryl, acyl, thicacyl,
RUCINR™, amido or carbamate, each of which alkyl, cycloalkyl, aryl, heteroaryl,
acyl, amido, and carbamale Is oplionally substituted with cycloalkyl, aryl,
hetercaryl, each of which cycloalkyl, aryl, and hetercaryl is optionally substituted
5  with halogen, aming, alkoxy, S{O), wherein x is 0, 1 or 2, acyl, amido or
heterocyciyl; and
R'* and R'® are each, independently, hydrogen, amine, alkyl, cycloalkyl, aryl,
heteroaryl, acyl, thivacyl, R*C{NR', amide or carbamate, sach of which atkyl,
cycloalkyl, aryl, heteroaryl, acyl, amido, and carbamate is optionally substituted
10 with cycloalkyl, aryl, hetercaryl, sach of which cycloalkyl, aryl, and hetercaryl is
optionally substituted with halogen, aming, akoxy, 5(C), wherein xis 0, 1 or 2,
acyl, amido or heterocyclyl; or
RS and R, together with the atoms io which they are each aitached, form a
hatercoyclyl group; or
15 R%and R, together with the atoms o which they are each aitached, form a

cycloalkyl, heterocyelyl or aryl group.

5. The compound of claim 48, wherein the compound is a compound of the

formula:

or a pharmaceutically acceptable sall, polymorph, prodrug, solvate or
clathrate thereof.

51. A pharmaceutical composition comprising at least one of fluspirilens and one
25 or more compounds of claims 1, 12, 18, 25, 36, 45 or 48 and ong or more

pharmaceutically acceptable excipients.

52. A method for treating a neurodegenerative disease comprising administering

a therapeutically effective amount of at least one of fluspirilene and one or
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maore compounds of claims 1, 12, 18, 25, 38, 45 or 48 10 a subjsct in need

theraof.

(&)
£

3. The method of claim 52, whersin the neurodegenerative disease is at least
5 ong of Parkinson's disease, Alzheimer's dissase, Huntingion's dissase, and
ALS.

54, A method for reducing, substantially eliminating or eliminating dysreguiation
of proteosiasis comprising administering a therapeutically effective amount of
10 at Isast one of fluspirifene and ons or mere compounds of claims 1, 12, 18,

25, 36, 45 or 48 10 a subject in need thareof.

55 A method for reducing, substantially eliminating or eliminating the
accumulation of intrinsically disordered proteing comprising adminislering a
15 tharapeutically effactive amount at least ong of fluspiriieng and one or more

compounds of claims 1, 12, 18, 25, 38, 45 or 49 o a subject in need thereof.

56. The mathod of claim 55, wherein the intrinsically disorderad proteins comprize
G-syn.
20
57. A method for freating a nsurcdegensrative dissase comprising administering

a composition of claim 51 {0 a subjsct in need thergof.

58. The method of claim 57, wherein the neurcdegenerative disease is at least

PO
(&3]

one of Parkinson’s diseass, Alzheimer’s diseass, Huntington's diseass, and
ALS,

58, A method for reducing, substantially eliminating or eliminating dysreguiation
of proteosiasis comprising administering a2 composition of claim 51 o a

30 subject in need thereof.
6C0. A method for reducing, substantially eliminating or eliminating the

accumulation of intrinsically disordered proteins comprising administering a

compaosition of claim 51 to a subject in need thereof.
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81. The method of claim 80, wherein the intrinsically disordered proteins comprise

G-y,
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. [Il  Observations where unity of invention is lacking (Continuation of item 3 ;)f first sheet)

This International Searching Authority found multiple inventions in this international applicatiosn, as follows:
--Please see attached sheet----

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ‘

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1 and 51/1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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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 1-51, 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), (Ic), (d), (le), (If}, (Ig). (Ih) or (li), and selected from
the compounds specified in claim 11; a compound of the formula specified in claim 13; a compound of Formula Il or a pharmaceutically
acceptable salt, polymorph, prodrug, solvate or clathrate thereof, selected from the compounds specified in claim 15; a compound
according to Formula (ll1), or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof further represented by
the formulae specified in claim 23; a compound of (IV), or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate
thereof, selected from the compounds specified in claims 34; a compound of formula (V) or (VI), or a pharmaceutically acceptable salt,
polymorph, prodrug, solvate or clathrate thereof; and to a compound of the formula specified in claim 49, further represented by the
formula specified in claim 50, or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof, and 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 |, or a pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof wherein R1 is C1-alkyl, and R2 is
hydrogen.

It is believed that claims 1 and 51/1 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 first
-listed compound of claim 11, represented by Formula (1) and (la), wherein

R2 is aryl, which is unsubstituted phenyl; X1 is C3-alkyl; X2 is CRS;

R5 is H; and R3 and R4 are each aryl, which is unsubstituted phenyl (i.e., claims 1-2, 4, 6, 8-9, 11 and 51/1).

Group II: Claims 52-61, directed to a method for treating a neurodegenerative disease and to a method for reducing, substantially
eliminating or eliminating dysregulation of proteostasis or reducing, substantially eliminating or eliminating the accumuiation of
intrinsically disordered proteins, comprising administering a therapeutically effective amount of at least one of fluspirilene and one or
more compounds of Formula (1), (I1),, (1I1), (IV), (V) or (VI), or a composition comprising said compound, 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 K includes the technical feature of a unique compound, which is not required by any other invention of Group |+.

Group Il includes the technical feature of a method for treating a neurodegenerative disease or a method for reducing, substantially
eliminating or eliminating dysregulation of proteostasis in a subject, not required by Group I+.

Common technical features:

The inventions of Group |+ share the technical features of a compound according to Formula (1), (11), (111}, (W), (V) or (V}), or a
pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof; and a pharmaceutical composition comprising said
compound.

Groups I+ and Il also share the technical features of a compound according to Formula (1), (1), (IIt), (IV), (V) or (VI), or a
pharmaceutically acceptable salt, polymorph, prodrug, solvate or clathrate thereof; and a pharmaceutical composition comprising said
compound.

These shared technical features, however, do not provide a contribution over the prior art, as being anticipated by WO 2020/021378 A1
to Maria Cecilia Hospital S.P.A. published on 30 January 2020 (hereinafter MCH), which discloses a compound according to Formula (1),
wherein R1 is C1-alkyl, which is unsubstituted and R2 is aryl, which is unsubstituted phenyl (pg 20, In 5-8, compound 13) and further
teachers a pharmaceutical compasition comprising said compound {pg 22, In 5-9).

As said compound and composition 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 |+ or those of Groups I+-Il.

The inventions of Groups I+-11, thus lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (July 2019)
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