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COMPOSITIONS AND METHODS FOR TREATING
NEURODEGENERATIVE, MYODEGENERATIVE,
AND LYSOSOMAL STORAGE IHSORDERS
This application claims priority to ULS. Provisional Application No. 62/769,791, filed

Novewber 20, 2018, which is hereby meorporated in Hs entirety by this reference.

BACKGROUND

Neurodegenerative diseases include genetic and sporadic disorders associated with
progressive nervous system dyslunction, These diseases are characterized by progressive
deterioration of nerve cells or nerve cell function. i bas heen estimated that one of four
Americans will develop a neurodegenerative condition in thew hifetimes, Generally, however,
the underlying mechanisms causing the conditions ave not well nnderstood and few eflective
freatnient options ave avatlable for preventing or freating neurodegenerative diseases.

Lysosomal storage disorders represent some of the most devastating of genstic diseases,
angd the need to develop therapies for these disorders remiaing lavgely unmet, Many of these
diseases cause damage fo the coniral nervous system (CNS), but the mechanisms underlving such
damage are largely unknown, Although the incidence of lysosomal storage disorders 13 rare {less
than about ;100,000 mdividuals is-affected, lysosomal storage disorders affect mostly children
whs ofien die at a young age, many within a few months or vears of birth. Many other children
die following years of suffering from varions sympioms of their particular tysosomal storage

disorder:;

SUMMARY
Provided hercin are compositions and methods for treating or preventing a
neurodegenerative disease, a myodsgenerative disease, a prion disease or a lysosomal storage

disease ina ssbject. Provided herein are compounds having Formula 1
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wherein
Xis Nor OH;
Y i3 Ceap ary]l unsubstituted or substituted with R’; or Cso hetevoaeyl unsubstituted or
substituted with RY, or N-methylpiperaziny;

R s ~{CHu-RY, (CH2L-CLORRY, or ~O(CH R

RYis ~H, -ON, halogen, Cralkyl, Crsatkoxy, ghenyl, pyridinyi, amine, T
alkyl amino, di Crgalkyvbaming, hydroxyl g alkyl amine, carboxy Cug alkyl amino, Cs.
seveloatkyl Cia alkylanuuo, pyrrolidingd, hydroxyl pyrrolidingl, hydroxyl Cia
alkylpyrolidinyl, carboxypyrolidingt, piperidinyd, Cioalkylpiperidingd, di Cusalkyt
piperidinyl, piperazinyd, Caalkylpiperazinyl, Cia alkosycarbonylpiperazinyl, or
morpholinyl;
Z is heteroaryl, heterovyclyl, or NR'RY,

R* and R* are independently H, Ty atkyl, Coalkoxy, of unsabstituted phenyl,
and

1 18 an integer selected from O to 3,

or an tsomer or pharmageutically accepiable salt theveof

Also provided 1s 4 method of treating or preventing a neurodegenerative disease, a
myodegenerative disease or a prion disease in a subject, comprising administering to the subject
with the neurodegenerative disease, the myodegenerative disease, or the prion disease or at risk
for developing the neursdegencrative disease, the myodegenerative disease or the prion disease

an effective amount of a compound having Formala |

-2
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wherein
Xis Nor OH;
Y i3 Ceap ary]l unsubstituted or substituted with R’; or Cso hetevoaeyl unsubstituted or
substituted with RY, or N-methylpiperaziny;

R s ~{CHu-RY, (CH2L-CLORRY, or ~O(CH R

RYis ~H, -ON, halogen, Cralkyl, Crsatkoxy, ghenyl, pyridinyi, amine, T
alkyl amino, di Crgalkyvbaming, hydroxyl g alkyl amine, carboxy Cug alkyl amino, Cs.
seveloatkyl Cia alkylanuuo, pyrrolidingd, hydroxyl pyrrolidingl, hydroxyl Cia
alkylpyrolidinyl, carboxypyrolidingt, piperidinyd, Cioalkylpiperidingd, di Cusalkyt
piperidinyl, piperazinyd, Caalkylpiperazinyl, Cia alkosycarbonylpiperazinyl, or
morpholinyl;
Z is heteroaryl, heterovyclyl, or NR'RY,

R* and R* are independently H, Ty atkyl, Coalkoxy, of unsabstituted phenyl,
and

1 18 an integer selected from O to 3,

oran isomer or pharmagentically acceptable salt thereofl

Also provided are methods of inhibiting or preventing toxic protein aggregation in a
nesron. The methods comprise contacting the neurcn with an stfective amount of & compoind

having Formula Tt
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wherein,
XisNor CH;
Y is Cee aryl unsubstituted or substituted with RY; or Csaoe heteroaryl unsubstitaied or
substituted with R', or N-methylpiperazinyl;

RUTs ACH R, -(CHD-CIO)-RY, or ~O(CH)-RY

R s - H, -ON, halogen, Oy alkyl, Crralkoxy, pheavl, pyridinyd, amine, Cia
alkylamino, di Uiz alkyl amino, bydroxyl Cuaalkyl amino, carboxy Cis alkylamivo, Cs.
seycloalkyl Crs alkylamine, pyrrolidinyt, hydroxyt pyrrolidinyl, hydroxyl Cia
alkylpyrolidinyl, carboxypyrohdiny, piperidiuyl, €1 alkyvlpiperidingd, di Craalkyt
piperidinyl, piperazingl, Craalkylpiperazinyl, Ty alkoxyearbonylpiperazinyl, or
nmorpheliny;
Z.is heteroaryl, heterocyelyl, or NRR:

R* and R are independently H, Cryalkyl, Cos alkoxy, or unsubstituled phenyl,
and

1 is an integer selecied from O to 3,

or an isomer or pharmaceuatically acceptable salt thersof,

Also provided ave methods of treating or preventing a lysosomal storage disorder (LSD)
masubject. The methods comprise adniinistering 10 the subject having the 15D or at visk of
developing the LSD an effective ameunt of a compound having Formala E:

2

X
9
N

/

wherein,
Xis N oy CH;
Y is Cgae aryl unsubstituied or substituted with RY; or Csp heteroaryl unsubstituted or

substituted with RY, or N-methylpiperazinyl;
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RY s ACHw R, (CHZ e CEOPRRE, o8 -O(CH RY

RY 15 -H, <ON, halogen, Coyalkyl, Ciyatkoxy, phenyl, pyridinyl, amino, Cia
alkyl amino, i Ciy alkyt amino, hydroxyl Cis alky! aminoe, carboxy Cis alkyl amino, Cs
s eyveloatkyl Crs atkylanung, pyrrolidiny, hyvdroxy! pyrrolidinyl, hydroxyl Cis
alkylpyrolidinyl, carboxypyrolidiny, piperidinyd, C 2 atkvlpiperidingd, di Ciyalkyd
piperidiny, piperazinyl, Cz alkylpiperazinyl, Crsalkoxyearbonylpiperazinyl, or
morpholinyl:
Z is heteroaryl, heterocyelyl, or NRPRY:

RY and R® are independently H, Cia alkyl, Coaalkoxy, or unsubstituted phenyl,
and

i 18 an integer selected from 0 1o 3,

or an isomer of pharmaceutically accepiable salt thereof

DESCRIPTION OF THE FIGURES
The present application includes the following figures. The Hgores are intended io
llusirate certain embodiments andfor features of the compaositions and methads, and to
supplement any description{s) of the compositions and methods, The figures do not limit the
scope of the compositions and methods, unless the wrilten description expressly indicates that
such 15 the case.

Fig. 1 {left panel and middie panel} shows that, alter 16 honrs of treatment,
nearoprofeciive effects were observed in B35 cells treated with of | uM BK41043, as evidenced
by the decrease in lactate dehydrogenase {LDH) and the inerease in (3-[4,5-dimethyltluazal-2-
yl1:2 S-diphenyl- tetrazolinm bromide (MTT), respectively, as compared to contrel. Fig, 1 (right
papel} shows that, after five hours of treatment, there was a stepwise werease m cell viability via
decrease in LIH with decreasing concentrations of BK40143.

Fig. 2 shows cell viabilily of B35 cells after 24 bour transfection with pTau (Jefl panel) or
o-synuctein (right panel} and five hours of freatment with BR41043. Dehydrogenase (LDH)
measured in the media, reflecting celf death, is not different between control and cells expressing
Lay or a-synuclein, with or without BK40143, indicating that this compound dues not result in

toxicity or gell death,
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Fig, 3 shows the level of pTau (181) afier 24 hour transfection (feft panel, students t-test;
unpaired, two-tailed, *p<0.,05, ***p<0,01} and that BK41043 reduces pTau (181) levels tn pTay
transfected B33 cells {right panel, n6, ANQVA; ordinary, one-way, Dunneti’s multiple
comparisons test, p<L05, ¥¥*¥p<0,0001).

Fig, 4 shows the level of g-synuclein after 24 hour transfection (lell panel), and that
BRAIG3 reduces a-synuclein o g-synuciein-transfected B33 cells (right panel). Students (-lest;
unpaired, two-tailed, *p<0.03, ¥¥p<0.0, v=6). Doses of BR4O143 ranging fron 10uM-1mM
appear to reduce the level of alpha-synuclein in this cell culture model,

Fig. A shows cell viability of B33 cells aller five bours of treatruent with BK4G197,

Fig. 6 shows that BK40143 reduces pTau (181) o Taw expressing teansgenic nyice, after
seven days of treatment. The levels of pTau{ 181} were measured via ELISA. Siudents i-test:
unpaired, two-tatled, Weleh’s correction, *p<0,03, ¥¥¥p(} (]

Fig. 7 shows that treatment with BK-40143 (1.25 mgkg, 2.5 mgkg or 5.0 mgkg) did not
affect the levels of pTau (231) (ATIR0) in rTG4510 transgenic mice (+4), using Western blot
analysis,

Fig. 8 shows that Taw (HT7) was stgnificantly reduced in Tau transgenic mice afier seven
days of treatment with BK-41043, at 1.25 mg'kg and 2.5 mg'kg. Students i-test: unpaired, two-
taited, Welch’s correction, *p<0.05, **#p<0.01, n=4

Fig. 9 shows that treatment with BK-40143 (125 mg'kg or 2.5 mg'kg) resulis in is wive
inhibition of DDR1, as measured by detection of phosphorylated {active) DDRI (pMCK10).
This data indicate that BK40143 potenily inhibits DDR. in vive.

Fig. 10 shows that pTau (181} was reduced i CamP301 L nuice after treatment withy 2.5
mgkg or § mg'ke BK-40143. Student’s t-test: anpaired, Welch’s correction, I iaded, *p>0.05,
p=0.02, n=4.

Fig. 11 A shows ihat fmM and 100uM of BK40196 significantly reduced the level of
alpha-synuciein in transfected B35 cells.

g 118 shows that BR40197 does not significantly reduce alpha-synuclemn levels in
transfected B33 cells.

Figs. 12A-D shows that BK40143 significantly redhwes alpha-synuclein in AS3T nuice.
Male and female 12-month old AS3T mice were freated i.p. with 2.5mpkg of BK40143 for 21

consecutive days. Fig. 124 is an ELISA for buman alpha-synuclein show a significant 39%

)
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reduction in the level ol alpha-synuclein in BK40143 ireated animals compared 1o DMSO treated
control AS3T mice. CS7BL/6) mice were used as contrals and show no deteetable (N.D ) human
alpha~synuclein, Fig. 128 shows that BK40143 increases the overall level of dopamine {30%).
BR40143 did ingrease the level of the dopantine metabolite, homovanillic agid (HVA)Y, it AS3T
muice indicating more dopamine trnover which may resuli in better dopamine neuroiran smission,
Figs. 12C and 12D ave immunobiots for alpha-synuclein which mirrored the 40% reduction in
alpha~-synuclein seen in the ELISA.

Fig. 13 shows that BRK40 143 suproves velocity of locomotion in AS3T mice, AS3T mice
were tested on the open Seld test for overall locomotor ability over a $0-mainute trial. Although
the mice did not show any difference in the total distance travelled or total time spent moving,
the velocity ol thelr movements significantly increased with BK40143 treatment.

Figs. 14A-E show that BK40143 selectively deactivaies DDRs {(about 50%%) but not Sre or
Abl and reduces phosphorylated tas in the fTGH5 10 tuwpathy mouse miodel. Male and female,
3-month-old rTCG4330 mice were treated Lp. with 1.25mg'kg, 2.5mg/ke, or Smgkg of BK40143
or DMSO for 7 comsecutive days. Fig. 14A, an immanoblot probing for activated
{phosphorylated} DDR 1 demonstrates that 1.25 and 2.5 but net 5 mg'kg of BK40143 deactivaied
DDRI. Fig [4B, an immunoblol probing for activated Sre, demonstrates that BK40143 did not
engage this tyrosine kinase, Fig. 14C, an immunoblot probing for activated Abl, demonstrates
that BK40143 did not engage this tyrosine Kmnase. Frg. 14D, an immunoblot probing for
phosphoryiated Tau (AT}, shows that all three doses of BK40143 reduced the kevels of
phosphorylated tau by 41-49% percent 1n the same nyice, indicating that DDR inhibition is
concurrent with pTau reduction. Fig. 14E is an ELISA for phosphorvlated Tag (AT181) showing
that 2.5mg'ke of BK40143 significanily veduced phosphoryviated Tau.

Figs. 15A-F show that BK40143 significantly reduces amvioid, phosphoryiated tau, and
deactivates DDRI intransgenic APP mice. Male and female, 7-month-old APP miice were
treated 1.p, with 125 and 2.5mg'kg of BK40143 or DMSO for 21 congecutive days, Fig 154 s
an immunoblot {or aggregating extracetiudar amyloid-beta (6E 10} which demonstrates that 1.25
and 2.3mg'kg of BK4G143 significanlly reduced amvioid-bets plagues. Rig. 158 s an
mmunoblot probing for phosphorvlated BDR 1 which demonstrates that 1.25 and 2.5mg'kg of
BK40143 deactivated DDR1 by 40% and 3184, respectively. Fig. 15C, probing lor activated

{phosphorylated Abl (243), demounstrates that BK40143 did not engage AbL Figs. 15D and [5E.
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1.25 and 2 Amg'kg BK40143 respectively, significantly reduced soluble huinan amyloid-beta via
ELISA but did not significantly reduce the msoluble amyloid-beta. Fig, 15F shows that
2.5mg’kp of BR40143 significantly reduced human phosphorylated tau (Ser396) by over 80%.

Fig. 16 shows that BK40143 could smprove performance on Morris Water Maze test for
cagnition in APP mice. Measurements include the number of platform entries (left panet), the
latency to the first entey {middle panel), and the distance travelled before their first entry (right
panel} to the platform. Although there was no significant difference hetween groups, 1.253mgkg
of BK showed s trend for ncreased performance with higher numbers of platform entries, and 8
fower latency to fivst entry and lower distance travelled hefore the fivst entry,

Fig. 17 shows that BR40143 does not cause cell death in the hippocampus of APP mice.
Representative 20um hippocampal sections were stained for nissl substance {left panel). 4x and
20x images for DMSO, 1.35mg/kg, and 2.3mgkg of BK40143 are shown (left panel}. Mgan
staining fotensily was gquantified in image} software s the total amount of niss] staining fnall 4x.

images {right panel).

DETAILED DESCRIPTION
Provided herein are compostions and methods for treating or preventing a
neurodegenerative disease, a myodegenerative disease, & prion disease or a lysosomal storage

disease in a suhject.

Compounds
In some examples, a class of componds described herein includes compounds.

represented by Formuda I

N
VA

or an tsomer or pharmaceutically acceptable salt thereofl

In Formala I, Xis N or CH.

i
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Alsa, in Formula 1, Y s Ce s aryl unsubstituted or substituted with RY; or Care
heteroaryl unsubstituted or substitnted with R, or Nemethylpiperazinyi;

Also, in Formaula L R is - {CHu B2, «(CH) CIORRE, or ~O(CH: 1R

Additionally, in Fornmla L, RV is <H, «ON, halogen, Cia alkyl, Ciaalkoxy, phenyl,
pyridinyl, aming, €2 alkyl amino, di Cy; alkyl amino, hiydrosyl Cis alkyl anuno, carboxy €
alkyl snino, Che eycloalkyl Cua alkyltanune, pyrrohiding], hydroxyl pyrrolidinyl, bydroxyl Cis
alkylpyrolidinyl, carboxypyrolidinyl, pipecidinyd, Cra alkylpiperidinyl, di €5 alkyd piperidinyl,
piperazinyl, Ciaalkylpiperazinyl, Cgatkoxycartbouylpiperazinyd, or morpholinyl;

Z.is heteroaryl, heterocyelyl, or NRERY

Also, in Formula L R® and R? are independently selected from H, C 2 atkyl, €1 alkoxy,
or unsubstituted phenyl, and v is an teger selected from Qo 3,

[r sorue examples of Formula LY is benzyl substituted with R

.
x\“’
P

e

I some examples of Formula LY is beney! substituted with R' in the mela position:

In some examples of Formula I, Z is NR'RY, R¥ is henzyl or H, R* is henzyl or H, and Y

is benzy! substituted with RY;

9
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In some examples of Formula §, 2 is NRIRY, R is benzyl or H, R* is benzyl or H, and Y

is benzy! substiluted with R in the meta position;

In some examples of Formala I, Z is morpholiny and Y is benzy! substituted with R

Q

$

In some examples of Formula I, Z is morpholiny! and Y is benzyl substituted with R in

the meta position:

10
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A compound of Formula | is Compound 1 (BK40197):
0

([

O
A 2-{m-tolyithienof3,2- A pyridin- Ty Uimorpholing

Another compound of Formula § 1s Compound 2 (BK40193):

CHy

N-phenyi-2-Us-tolyl hieno] 3,2-Alpyadin=7=uming

In some examples of Formula 1L the compound does not comprise one or more halogen
atonis. In some examples of Formula L, Y 1s Zun-toluyl [n some examples of Formula §, 7 is
heterocyelvl, In some examples of Formula [, Z 18 morpholin-1~yl In some examples of

Fornttla | R® is M and RY is unsubstituted phenyl

11
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As used herem, the terms alkyl, alkenyl, and alkynvl mclude straight- and branched-chain
monovalent substityents. Examples include nisthyl, ethyl, tsobatyl, 3-butvinyl, and the hike.
Ranges of these groups usclful with the compounds and methods described herein include C-Chw
alkyl, Ca-Cao alkenyl, and Ca-Cao alkynyl. Additional ranges ol these groups useful with the
compounds and methods described herein include Ci-Ciz alkyl, Co-Chis alkenyl, Co-Chz alicynyl,
Ci=Csalkyl, Ca-Cs alkenyl, Co-Ce alkynyl, -Ca alkyl, C-Cy alkenyl, and C2-Cy alkynyl,

The term alkoxy as used herein 18 ap alkyl group bound through a single, terminal ether
finkage. The ferm hydroxy as used herein s represented by the formula —OH.

The terms antine or aniino as used herein ave represented by the formula <~ NR'RY, wheee
R* andd RY can each be substitution group as described herein, such as bydeogen, an atkyl, a
cycloatkyl, a halogenated alkyl, alkenyl, or alkynyl group described above:

The alkoxy, anuuo, alkyl, alkenyl, alkyoyl, or carbonyt molecules used hergin can be
substituted or snsuhstituted. As used bhereny, the term subsiituted wmeludes the addition of iy
alkoxy, aming; alkyl, alkenyl, alkynyl, or carbonyl group to a pesition altached 1o the main chain
of the alkoxy, amine, alkyl, alkenyl, alkynyl, or carbonyl, e.g., the replacement of & hydrogen by
ong of these molecules. Examples of substitation groups include, but are not limited to, hydroxy,
halogen {e.g., F, Br, C, or I}, and carboxyl groups. Conversely, as used herein, the term
unsebstituted mdicates the alkoxy, ammng, alkyl, alkenyl, alkynyl, or carbonyl has a full
complement of hvdrogens, r.e., commensurate with iy saturation Ievel, with no substititions,
e, Hinear decane {-{CH: o CHa).

Heteroalkyl, heteroatkenyl, and heteroatkynyl are defined similarly as alkyl, alkenyvl, and
alkynayl, but can contain O, S, ar N heteroatoms or combinations thereof within the backbone.
Ranges of these groups ussiul with the compounds and methods deseribed herein include C-Che
heteroatkyl, Ca-Can heteroalkenyl, and Ca-Cao heteroalkynyl. Additiunal ranges of these groups
useful with the compounds and metheds described herein include C-Ciz betervalkyl, C-Cre
hetervatkenyl, C-Cip hateroalkynyl, Ci-Ce heteroalkyl, Co-Ces heteroalkenyl, Cr=Cs
heteroatkynyl, Ui-Cy heteroalkyl, C-Cy heternalkenyl, and C:-Cy heteraalkynyl,

The terms cyeloalkyl, cycloalkenyl, and eycloatlynyl include cyelic alley! groups having
a stngle eyelic ving or multiple condensed rings. Examples inelude cyelohexvl, evelopentvlethyi,
ang adamantany!, Ranges of these groups useful with the compounds and methods deseribed

herein include C3-Con cycloalkyl, U5-Cao eyeloalkenyl, and Cs-Cao eyeloalkynyl. Addittonat
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ranges of these groups useful with the compounds and metheds described herein include Cs-Ciz
cycloatkyl, CaChx eveloalkenyl, Cs-Cix cyeloalkynyl, Cs-Us cycloalkyl, Ca-Ce evcloalkenyl, and
CaCe oycloatkynyl,

The terms heteroeyeloalkyl, beterocyeloalkenyl, and heterseveloalkynyl are defined
similarly as eyvcloalkyl, cvcloalkenyl, and cycloalkynyl, but cain contain O, S, or N heteroatoms
or combinations thereof within the cyclic backbone, Ranges of these groups useful with the
compounds and miethods described herein include Ci-Ci heterocyeloalkyl, Ti-Cag
heterocycloatkenyl, and Ca-CUs heterocyetoalkynyl. Additional ranges of these geoups useful
with the compounds and methods deseribed herein nclude Cs-Cyy heterocyeloalkyl, Cs=Cia
heterocycloatkenyl, G-z heteracycloatkynyl, Cs-Cs heterocyeloatkyl, Cs-Cs
heterocyeloatkenyl, and Cs-Ce beterocyeloalkynyl

Aryl molecules include, for example, cyclic hydrocarbous that incorporate one or more
planar sets of, typieatly; six carbon atoms that are connected by delocalized electrons numbering
the same as if they consisted of alternating single and double covalent bonds. Anexample of an
aryl molecule 18 benzens, Heteroarvl molecules include substitntions along their main cyelic
chain of atoms such as O, N, or 8, When heteroatoms are introduced, a set of live atoms, e.1.,
four carbon and a heteroaton:, can ¢reate an arorpatic syster, Examples of heteroaryl molecules
include furan, pyirole, thiophene, imadazele, oxazole, pyriding, and pyrazine. Aryland
heteroaryl molecules can alse include additional fased rings, for example, benzofuran, indole,
benzothiophene, naphthalene, anthracene, and quinoline. The aryt and hetercaryl molscules can
be aitached at any position on the ring, unless otherwise noted.

Optionatly, the compounds having Formula [ are tyrosine kinase inhibitors that inhibit
one or mote receplor tyrosine kinases selecied from the group consisting of Abl, PDGFRa,
PDGERE, DDR 1, DORZ, okIT, arginase 11, Sre, Fyn, VEGFR and Zae. In some examples, the
conmpound baving Formula | selectively inhibits Abl, PDGERe, PRGERP, DOR 1, DDRZ, ¢KIT,
arginase I1, Sre, Fyn or VEGR or Zac. In some examples, the compound having Formula
mnhibits DOR 1 andfor DDR2.

As used herem, the term pharmaceuatically acceptable salt refers to those salts which are,
within the scope of sound medical judgment, suitable for use in contact with the tissues of
humans and lower animals without undue toxicity, uritation, altergic response and the like, and

are commensurate with a reasonable benefit/nisk ratio. Pharmaceutically acceptable salts are

p—
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well known in the art. Pharmaceutically acgeptable salts of the compounds provided herein, for
example, pharmaceutically acceptable salts ol nilotmib, bosytinih pazopanib and a compound of
Formula I, include those derived from suitable inorganic and organic actds and bases. Examples
of pharmaceutically acceptlable, nontoxic acid addition salts are salts of an amino group fomed
with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid
and perchlorie acid or with organic acids such as acetic seid, oxalic acid, maleic ackd, tartaric
acid, citrig acid, succtie acid or nualonie acid or by using other wethods used in the art such as
ion exchange, Other pharmaceatically acceptable salis include adipate, alginate, ascorbate,
aspartate, benzenesulfonate, henroate, bisulfate, borate, butyrate, camphorate, camphorsulfouate,
citrate, cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, funarale,
glucobeptonate, glycerophosphate, glumnate, hemisullate, heptanoate, hexanoate, hyvdeotodide,
I-hydroxy-ethanesulfonate, laclobionate, lactate, laurate, lauryl sullute, malate, maleate,
malonate, methanesulfonate, 2-naphihalenesulfonate, nicotinate, niteate, oleate, oxalate,
palnyitate, psmoate, pectinate, persulfate, 3-phenylpropionale, phosphate, pivalate, propionate,
stearate, suceinate, sulfate, tartrate, thiocyanate, p~ioluenesulfonate, irifluoroacetic acid,
undecanoate, valerate salts, andithe like,

The compounds described herein can be prepared in & variety of ways. The compounds can
be synthesized using various synthetic methods, including those provided i the Examples. At
least some of these methods are known 1n the ant of synthetic organic chemistry. . The compounds
deseribed herein can be prepared from readily available starfing materials, Optimum reaction
conditions can vary with the particular reactants or selvent used, but such conditions can be
determined by one skitled m the art by routine optimization procedures.

Variations on Formula [ inchede the addition, subtraction, or movement of the various
constiluents as descrited for each compound. Similarty, when one or more ehival centers are
present mya miotecule, all possible chiral variants are meluded. Additionally, compound
synthesis can ivolve the protection and deprotection of varius chemical groups. The ase of
prolestion and depratection, and the selection of appropriate profecting groups can be determined
by one skilled i the arl. The chemistry of protecting groups can be found, for example, inx Wts,
Grreene’s Proteetive Groups i Ovganic Synthesis, Sthe Ed., Wiley & Sons, 2014, which:s

tncorporated herein by reference in its entirety.
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Reactions to produce the compounds described herein can be carried out in solvents,
which can be selected by one of skill m the art of organic synthesis, Solvents can be
substantially nonreactive with the staniing materials (reactants); the intermediates, or products
under the conditions-at which the reactions are carried out, 1.¢., lemperature and pressure.
Reactions can be carried out In one solvent or a mixture of more than one solvent. Product or
intennediate formation can he monitorsd according (o any suitable method known inuthe art. For
gxample, product fornation can be monitored by spectroscopls means, such as nuclear magnetis
resonance spectroscopy (e.g. “H or VO infrared spectroscepy, spectrophotometry (e.g., UV-
visible), o niass spectrometry, or by chromatography such as high pecformance hguid
chromatography (HPLCY or thin layer chromatography.

Any ol the compounds desertbed herein can be madified to enbance blood-hrain barrier
permeability. Optionally, one or more of the compounds described herein can be administerad

with an agent that enhances the blood brais barrier permeabitity of the compound(s).

Methods for Treating or Preventing Neavodegenerative Diseases, Myodegenerative
Diseases or Prion Diseases

Provided hersin are methods of {reating or preventing g nsurodogenerative disease, a
myodegenerative disease or a privn disease. The neurodegenerative diseass or disorder can be &
neurodegensrative disease of the central nervous systent. These include, but are not limitad to,
amyoirophic lateral sclerosis, Alzbeimer’s disease, frontotenmporal dementia, TDP-43
pathologies, including frontotenporal dementia with TDP-43, frontoterporal dementia hnked to
chromosome-17, amyloidosis, Pick’s disease, Huntington's disease, mild cognitive impairment,
an a-synucleinopathy (e.g., Parkinson’s disease, Lewy body dissase}, multiple sclerosts, Glial
Cytoplasmic Inclusions, ncluding maltiple system atrophy, chronic traumatic encephalopathies,
a Tauppathy, progressive supranuclear palsy, and cortico-basal degeneration, The
neursdegenerative disease can also be g secondary neurndegenerative distase induced by &
Iraumatic bratn injury, stroke or an-infection, for example, a bacterial or a viral infection (8.2,
HIV, Herpes stmplex virus (HSV)).

Myodegenerative discases or disorders include but are not limuted to a dystrophy {for

example, muscular dystrophy}, a myopathy (for example, nemaling myopathy, mulit'minicore



CA 03120639 2021-05-19

WO 2020/106825 PCT/US2019/062387

myopathy, centronuciear nvvapathy, mitochondnial nyvopathy, metabolic myopathy, etc.) or
myotonta {{or example, myolonia congenita, paraniyotonia congenital or myolonic dystrophy).

Prion discases or disorders include but are not linuted to Creutzfeldt-lakob Discase;
Vartant Creytafeldi-Jakob Disease, Gerstmann-Straussier-Schemker Syndronie, Fatal Familial
Insomnia, Kuru, Bovine Spongiforin Encephalopathy, Chronic Wasting Disgase and Scrapie, to
name 8 few:

The methods comprise adnunistering 1o the subject with the neurodegenerative disease,
myedegenerative disease or prion disease; ot af risk of developing the neurodegenerative disease,
the myodegenerative disease or the prion disease an effective amound of a compound having.

Formmila I

wherein,

XisNaCH

Y s Cee aryl unsubstituted or substituted with R; or Csp heteroaryl unsubstituted or
substituted with R, or Nemethylpiperazing,

R s <(CHeRY, (CH2)-CIORR?, or <O(CH)e-RY:

R¥is M, -ON, halogen, Cisalkyl, Cisalkoxy, phenyl, pyridinyl, amino, Crs
alkyl amino, di Cisalkylbamine, hvdroxyl Cux alkyl amino, carboxy Cioy alkyl amino, Cs
soveloalkbyl € atkylamino, pyrrolidinyl hydrox vt pyrrolidinyl, bydroxyi Cia
alkylpyrolidinyl, carboxypyrolidinyd, piperidiny, Craalkylpiperidinyi, di Cus alkyt
piperidinyl, piperazinyd, G alkylpiperazinyl, Crq alkoxycarbonylpiperazingl, or
morpholinyl;

215 hetevoaryl, beteroevelyl, or NR'RY

B and R are independently H, Crs alkyl, Coaalkoxy, or unsebstituted phenyl,

angl

nis an integer setected from O to 3,

16
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or an isoner of pharmaceuntically acceptable salt thereofl

In some methods, the compoand having Fornula T does not comprise one or more
halogen atoms, Insome methods, Y is Z-m-totuyl in the compound having Forawla 1, Insome
methods, Z 1§ heterocyclyl in the compound having Formula . In some methads, Z s
morpholin-1-yl in the compound having Formula I, In some methods, R is H and RYis
unsubstituted phenylin the compound having Formala L

In some methods, a compound having Formada §, wherein Y is benzy! substituted with R}

is adnunistergd o the subjects

In some methods, a compound having Formaula I, wherein Y is benzyl subsiituted with R

m the meta position, 1s adminstered to the subject:

I some methods, a compound having Formula I, wherein Z is NR*R?, R® is benayi or H,

RYis benzyl or H, and Y is benzyl substituted with R™ is administered to the subject:
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In some methods, a conpound of Formula [, wherein Z 1s NRPR?, R” is henzyl or H, R* is
benzyl or H, and Y is benzyl snbstituted with RY in the meta position, is administered to the

subect:

»

In some methods, a compound of Formuda 1, heremn £ is morpholinyl and Y is benzyl

substituted with R is administered to the subject:

1 RN
N
In some methods, a conipound of Formula 1, wherein Z s morphohinyi and Y 1s benzyl

substituted with R in the meta position is administered to the subject:

18
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Examples of Formula ¥ that can be used i any ol the methods described herein include

the following compounds:

Chs Compound | (BK40197)

CH: Compound 2 (BK4(1143)

The methods provided herein optionally mcluds selecting a subject with a
neuradegenerative disease, a myodegenerative disease or-a prion disease or at nisk tordeveloping
a newrodegenerative disease, & myodegenerative disease or @ prion disease. Une of skall in the art
knows how {0 diagngse a subject with or at risk of developing a neurodegensrative disease, a
myodegenerative disease or a prion disease. For example, vng or more of the follow tests can be
used; a genetic test {e.g., 1dentification of a mutation in TDP-43 gene) or fanulial analysis (e.n.,
famitly hisiory), central nervous system intaging (e.g., magnetic resonance tmaging and posiiron
emmission fomography), electroencephalography, clinical or behavioral tests {e.g., assessments of
mauscle weakness, tremor, gait, or mentory), of laboratory tests.

The method optionally further includes administering a second therapeutic agent o the
subject. The second therapeutic agent s selected from the groap consisting of levadopa, #

dopamine agonist, an anticholinergic agent, a cholinergic agent {e.g.. S~hydroxytryptamine (5~

19
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HT) inhibitors), @ monoamine oxidase inhibitor; a COMT inhibitor, donepezil, memanting,
nisperidone, amantadine, rivastipmine, an NMDA antagonist, an acetvicholingsterase inhibitor, a
cholinesterase inhibitor, riluzole, an anti-psychotic agent, an antidepressant, a glucocorticoid {({for
cxaryple, prednisone), a tyrosine kinase inhibitor (o.g., nilotinib, bosutinih, imatinib, pazopanib,
etc.), and tetrabenazing. The second therapeutic agent or therapy can be admunistered 1o the
subject prior to, simulianconsly with, or subsequent to administration of the compound having
Formula L

In the methods where a tyrosing kinase inhibitor is administered as a second therapeutic
agent, the tyrosine kinase inhibitor can be a tyrosine kinase inhibitor that does not inhibit a
tyrosine kinase veceptor that is inhibited by the conipound of Formula I o has decreased
selectivity for a tyrosine kinase receptor, as compared to a compound of Formula L

Also provided herein is 8 method of inhibiting or preventing toxic protein aggregation in
a newron andfor rescuing a newron from degeneration,  As used herein, references to inhthiting,
decreasing or reducing include a change of 109, 20%, 30%, 40%:, 50%., 60%, 70%, B0%, 80% or
greater as compared to a control level

The method inchudes contacting the neuron with an effective amount of a compound of
Formula L Optionally, the compound having Formula 1is Compound 1 or Compound 2. The
toxic protein aggregate optionally comprises one or more of an amyloidogenic protein, alpha-
synuclein, taw, or TDP-43. By amyloidogenic protein 1s meant a peptide, polypeptide, or protein
that has the ability to gggregate.  An example ot an amyloidogenic protein 15 framyloid. The
contacting s performed in vive or in vitra. The g vive method 1s useful in treating a subject with
or at risk of developing toxic protein ageregates and comprises administering the compound of
Formula I to the subject as described below. The fn vitre method is ussful, for example, in
treating neural cells priov to transplantation. I such case, the compound of Formula Lis
generally added 1o a cullture mediam. Optionally, the target neurons are contacted with a second

therapeutic agent as deseribed above.

Metheds for Treating or Preventing Lysosomal Storage Disorders
Also provided are methods for treating or preventing a LSD i a subject, The methods
coimprise administering to the subject with the L3D or at nisk of developing the LSD an effective

amount ol a compound having Formula I
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wheretn,
Xis Nor OH;
Y is Caap ary]l unsubstituted or substituted with R’; or Cso hetevoaeyl unsubstituted or
substituted with RY, or N-methylpiperaziny;
R s ~{CHu-RY, (CH2L-CLORRY, or ~O(CH R
RYis ~H, -ON, halogen, Cialkyl, Crsatkoxy, ghenyl, pyridinyi, amine, T
alkyl awmino, di Crgalkyvbaning, hydroxyl g alkyl amine, carboxy Cug alkyl amino, Cs.
seveloatkyl Cia alkylanuuo, pyrrolidingd, hydroxyl pyrrolidingl, hydroxyl Cia
alkylpyrolidinyl, carboxypyrolidingt, piperidinyd, Cioalkylpiperidingd, di Cusalkyt
piperidinyl, piperazinyd, Caalkylpiperazinyl, Cia alkosycarbonylpiperazinyl, or
morpholinyl;
Z is heteroaryl, heterovyclyl, or NR'RY,
R* and R* are independently H, Ty atkyl, Coalkoxy, of unsabstituted phenyl,
and
1 18 an integer selected from O to 3,
or anisomer or pharmaceutically acceptable salt thereof
In some methods, the compound having Formula I does not comprise ong or more
halogen atoms, o somie methods, Y is 2-m-toluyt i the compound having Formula 4. Insome
methods £ is heterocyelvl in the compound having Formula I Insomie methods, Z is morphelin-
1=y i the compound baving Formauda I [n some methods, R 15 H and R? is unsubstituted
phenyl in the compound having Fornla L
In some methods, a compound having Formala I, wherein Y is benzyl substituted with &

15 admimisterad to the subject;
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X7 X ,
1\ L /
. N
In sovne methods, a compound having Formula I, wherein Y is benzyl substituted with R

in the meta position, is adminisiered to the subject:

In some methods, a compound having Formula 1, wherein Z is NR'R*, R? is benzyl or H,

R s benzvl or H, and Y is beneyl substituted with R is administered 1o the subject:

22
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In some methods, a conipound of Formula [, wherein Z is NR'R?*, R? s henzyl or H, R* is
benzyl or H, and Y is benzyl substiiuted with R in the meta position, is administered to the

subect:

In some methods, a compound of Formuda 1, herem £ is morpholinyl and Y is benzyl

substituted with R is administered to the subject;

LN/

In some methods, a conipound of Formula 1, wherein Z s morphohnyi and Y 1s benzyl

substituted with R in the meta position is administered to the subject:

23
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Examples of Formula I that can be used to treat or prevent LSD include the following

compounds:

CHy Compound 1

SRy Compound 2

Optionatly, the compound of Formula inhibits one or more receptor tyrosing kindses
selected trom the group consisting of Abl, PDGFRo, PDGFRR, DOR 1, DDR2, ¢KIT, arginase
1L, Sre, Fyn, VEGER and Zace. in some examples, the compound of Formula [ selectively
inhibits Abl FDGFRa, PDGERE, DORR 1, DOR2Z, cKIT, arginase IE, Ste, Fyn or VEGR or Zac.
In some examples, the compound baving Formuda [nhibits DDR 1 and/or DDRZ. Fur exaniple,
and not to be limiting, Compound { or Compound 2 can be used 1o inhibit DDR1 and/or DDR2,
In another example, the compound having Formula §, for example, Compound | or Compound 2
selectively mhibits DDR { or DDR2,

LSDs are tnherited metabolic disorders that resuli from defects in lysosomal function. In
the majority of cases, LSDs are caused by a deficiency of specific enzymes responsible for
degradation of lipids and glycoprotems present in lysosomes. In some cases, delective non-

enzymatic lysosomal proteins or non-lysosomal proteins involved in lysosomal biogenesis cause
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LSDs. The progressive lysosomal accumulation of undegraded mictabohites results i generalized
cell and tissue dysfunction, and, therefore, multi-systemic pathology. LSDs that can be treated
or prevented using the methods provided herein include, but are not fimited to,
Mucopalvsaccharidosis Type T (for example, Hurler syndrome, Hurler-Schete syndrome and
Scheie syndrome), Mucopolysaccharrdosis Type I {for example, Hunter syndrome),
Mucopolysaccharidosis Type I {for example, Saufillipo syndrome A, Sanfillipo syndrome B,
Sanfillipo syndrome C and Sanfillipo syndronme DY, Mucopolysaccharidosis Type IV (for
example, Morquio syndrome A& and Morgaio syndrome B), Mucopolysacceharidosis Type VI (lor
example, Maroteaux-Lamy syndrome), Mucopolysaccharidosis Type VI (for exaniple, Sty
syndrome), Macopolysaccharidosis Type IX (for example, Natowice syndrome), Pseudo-Hurler
polydystrophy, Tay-Sachs, Gaucher disease, Niemann-Pick disease; Fucosidosis,
Galactosialidosis, Globoid-cell tewkodystrophy, Gy Gangliosidosis, Gy Gangliosidosis, u-

Manposidosis, Metachromatic Ieukedyslmphy and Z?’-ompe disease. The LSDs pmvi ded hevein

Also provided are methods of pron‘mtirig iyﬁ@sm‘hai clﬁargm;:a in one or more cells of &
sabject comprising administering to the subject that has a disorder associated with decreased
tysosomal clearance an effective amount of a compound having Formula 1. . Optionally, the
compound having Formala Iis Compound I or Compound 2. As used throughout, lysosomal
clearance 1s a process by which accumulating liprds, proteins, glycoproteins or a combination
thereo{ are metabolized or degraded #n the lysosome of one or more celdls i the subject. A
decrease in lysosemal clearance means a decrease in degradation of lipids, proteins andior

alveoproleins in the lysasome of vne or more cells of the subject as compared to a contrel, for
example as compared to lysosonal clearanee in one or more cells of a healthy subject. Any
disorder associated with decreased [vsosomal slesrance can be treated using the methods
provided herein, inchading, but Himited 1o, any of the L8Ds set forth thronghout. As used herein,
references to promotling or increasing include b change of 1095, 2094, 30%, 40%., 50%,, 60%,
T0%, 8%, 9010 10034, 200%, $00% or greater as compared to-a control level. Optionally,
prometing fysosomal clearance decreases the amount of a fipid, o protein, a glycoprotem or a
combination thereof in existing agpgregates n the lysosome of vue or more cells in a subject.
Qptionally, promoting tysosomal clearance inhihits or prevents formation of aggregates

comprising a lipid, a protein, a glycoprotein or a combination thereof in the lysosome of one or

[
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more cells in & subject, Optionally, promotimg tvsosomal clearance decreases the anwount of time
required to degrade or metabolize a hipid, a protein, 8 glycoprotein or 8 combination thereof iny
one or more cells of the subject as compared to a control.

Optionally, in the methods provided herein, the elfective amount of a compound having
Formula I inhibits or prevents toxic substance aggregation or accumulation in one or more cells
of the subject as compared 1o a control. - As used herein, references to decreasing, reducing, or
mhibiing include a change of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 0%, 0% or greater as
compared 10 8 control level, Such terms can include, but do not necessarily include, complete
elimination of the toxic substance in ong or move cells of the subject. Optionally, the one or
more cells are brain cells, cells i one or more peripheral tissues of the subject, or a combination
thereof. Optionally, the brain cells can be neurons andfor gliad cells. Tn the methods provided
hierein, a toxic substance that can aggregate or accumulate in cells can be one or more of a Hpid,
a proteiy or a glyvcoprotein, The toxic substance(s) Cant inerease cell damage and/ar increase cell
death in vie or more cells of the sebject. In the methods provided herein, the toxic substance(s}
can be in the Iysosome or elsewhere inone or more cells of the subject. For example, and not 1o
be Hmiting, LSDs characterized by an sccumulation of lipids in the cells of a subject include.
are not limited i, sphingolipidoses {including Gaucher's and Nismann-Pick diseases),
gangliosidosis (inclodmg Tay-Sachs dissase), Ieukodystrophies; mucopolysaccharidoses
{including Hunter syndrome and Hurler disease}, glyvcoprotern storage disordess, mucohpidoses,
and glyeogen storage disease type 11 {Pompe disease).

Lipids and glycoprotemns that accumulate in sphingolipidoses melode sphingomyelin tn
brain and red blood cells (Nieman Pick Disease); glyeoplipids, including ceramide trihexoside, in
brain heart and kindey {Fabry disease), galactocerchroside in oligondendrocyies {Krabbe
disease); glucocerebrosides in red blood cells, spleen and liver {Gaucher disease); GM2
ganghiosides m neurons {Tav-Sachs disease} and SandholT disease; GM 1 gangliosides; and
sulfatide compounds w neural fissue {metachromatic leukodystrophy).

Lysosomal storage diseases also include mucopolysaccharidoses (MP) that have &
deficiency i one or more lysosomal enzymes, for example, e-Laduronidate (Hurler disease,
Scheie syndrome and Hurler Schei syndome); wduronate sulphate (nmter disease) heparan sulfale
{Sanfilipo tvpe A}, Neacetvl-g-D-ghicosamine {Sanfilipo type B, CoA-e-ghicosaminide-N«

aceleltvtranfer (Sanfilipo type C), N-Acetyl-a- D-glucosaminide-6-sulfale {Sanfilipo type D and
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Morquio syndrome {ype A}, B-galactose {Morguio syndrome {ype B and N-acetylegalatosamine
{Maroteaus-Lamy disease) but all of these MPs diseases are a result of lysosomal sccamulation
of heparan sulfate, dermatan sulfate or keratan sulfate. Glycogen storage diseases (1.c Pompe
disease) result from storage ol sugars and phosphorylated sugars tn the lysosomes.

The methods provided herein optionally include selecting a subject with a LSD, Oneof
akill in the art knows how {o diagnose a subject with & LSD. Forexample, one or more of the

loBowing tests can be used: a genetie test (2.¢., identilication of & muta tion associated with a

LSD) or lamilial analysis {e.g.. family history, genetic testing of parents), central nervous system
tuaging (e.g., magnetic resonance imaging and positron emiisston tomography), clinical or
behavioral fests (e.p., assessments fo tdentify mood disorders, aggressivengss and/or cognitive
abnormalities), or laboraiory tests (e.g, blood and/or urine tests to identify abnormal jevels of
metabolites or enzymatic deficiencies).

The methods provided berein optivnally further include administering av effective
amount of a sscond therapeutic agent or therapy to the subject. The second therapeutic agent or
therapy can be administered to the subject prior to, simultaneously with, or subseguent to
administration of the compound of Formula . The second therapeutic agent or therapy is
selected from the group consisting of an enzyme, hematopoietic stem cells, a bons marrow
transplant, gene therapy or a small molecule. For example, and not to be limiting, LSDs
associated with an enzymatic deficiency can be treated with an enzyme to increase the amount of
the deficient enzyme i the subject. For example, enzyme replacement therapy (ERT) with a
recombinant enzymie, such as imiglucerase (Cerezyme™), velaghicerase alfa (VPRIVS ) or
taligtucerase alfa (Elelvso™), can be used as a second therapeutic agent to treat Type 1 Gauscher
disease. Small molecules that mbibit glveosylesramide synthase, for example, miglustat and
eliglustat, can also be used 1o treat Tvpe I Gauchey disease, A small molecule that acts as a
chaparone to stabilize a defective enzyme produced by the subject or a small molecule that
reduces the amount of one or more substrates that would normally be processed by an enzyme i
the subject can also be used.

One or more therapeutic agenis that reduce the symptoms of a L3 can also be
administered. For example, an anti-epileptic such as gabapentin or famotrigine can be used to
prevent seizates i a subject. Antibiotics can be used to treat bacterial infections such as

pneumonia. Other agents include, bul are not himited to, anti-inBammatory agents (e.g.. NSAIDs
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angd anti-inflaromatory steroids}, and muscle relaxanis, Dialysis, physical therapy and surgery
are also contemplated herein as therapies to treat a LSD,

In some methods for treating or preventing a LSD, the second therapeutic agent can be a
tyrosine kinase inhibitor (g.g., nilotinib, bosutitub, imatingb, pazopanib, etc.), Therefore, in some
examples, a tyrosine kinase and a comapound of Formula 1 are adnunistered o the subject. In the
wethods whers a tyrasine kinase is administered a8 a second therapeutic agent, the tyrosing
kinase can he a tyrosine kinase inhibitor that differs in selectivity for one or more receptor

tyrosine kinases as compared to the compound of Formula 1,

Pharmaceutical Compositions

The tevm effective amount, as used throughout, 1s defined as auy anount necessary 1o
produce a desived physiologic response, for example. inhibiting or preventing toxic proteiy
aggeregation in a newron of promoting lysosomal clearance,

Exemplary dosage amounis for administration ol any compound described heretn, Tor
example, a compound of Formula I, tnclade doses from about 8.5 1o about 200 mg'kg of body
werght of active compound per day, which may be administered in a single dose or t the form-of
individual divided doses, such as from 1 to 4 times per day. Alternatively, the dosage amount can
be from about 0.5 to about 150 mg'ke of body weight of active compound per da}g about (.5 to
100mg/kg of body werght of active compound per day, about 1.5 to about 75 mg/kg of body
werght of active compound per day, about 1.5 to about 5§ mg'kg of body weight of active
compound per day, about (1.5 to about 25 mgkg of body weight of active compound per day,
abeut 1 1o about 30meke of body weight of aetive compound per day, about | to about 40mgidke
of hody weight of active compound per day, about 1 to about 30 my'kg of body weight of active
compound per day, about 1 to abot 30 mg'kg of body weight of acttve compound per day, about
30 mg'ke of body weight of aetive compound per day about 20 makg of body weight of active
compound per day, about 10-mg’kg of body weight of active compound per day, or aboul 3
mg'kg of body weight of active compound per dav.

Optionally, the dosage ¢ less than about 18 mu'kg and ean be ess than about 9.5, -9, &5,
& 7.8, 7,65 6,55, 5,454, 353,25 2 15, 125, 1.0, 09, 08,07, 06, 0.5, 04,063,021
myg'kg or any dosage in between these amounts. The dosage can range from about 0,1 11':g,-"kg o

about 10 mg'kg, from about 8.1 mygkg o about 9 mg'kg, from about .1 mg'kyg to about 8
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mg'kg, from about 0.1 mg/kp toabout 7 mp/ky, from about 0.1 mg'ky to about 6 mpky, from
aboul 0.1 mg'kg to about 3 mg/kg, [rom about (1.} mg/kg to sbout 4 meKe, ront about (.1
mg'kg to-about 3 mg'kg, from about 0.1 mg'kg 1o about 2 mg'kg, from about 0.1 mg/kg o about
I'mg'kg, or from about 0.1 mgkg to about 0.5 mg'ke. One of skill in the art would adjust the
dosage as described below based on specific characteristics of the inhibitor and the subject
receiving it

The composition can comprise asingle unit dose of a compiound of Formula §, for
example, a siogle unit dose of abowt SO mkg or less, 40 mg'ke or loss, 30 mgke or less, 20
mgikg or fess, 10 mgke or less, of about § mg/kg or less, of about 2.8 mgkg o less or about 1.3
wgRg or less of Compound 1 ov Compound 2, or a pharmaceutically acceptable salt thereof.
Packages including one or mudtiple, single unit doses of a compound having Formula 1, Tor
exanple, multiple, single unit doses of Compound T or Comypround 2 ave also provided. The
package can further comprise single ot muultiple unit doses of one or more second therapeutic
agents deseribed herein.

Effective amownts and schedules for adnmnistering one or more of the compounds having
Formula I described herein can be determined empirically and making such determinations is
within the skill inthe art. The dosage ranges for administration are those large enongh to
produce the desired effect in which one or more symptoms of the disease or disorder are aftected
{e.q., teduced or delayed). The dosage should not be so large a5 to cause substantial adverse side
gitects, such as unwanted gross-reactions, unwanted cell death, and the fike, Generally, the
dosage will vary with the type of inhibitor, the species, age, body weight, general bealth, sex and
diet of the subject, the mode and time of administration, rate of excretion, drug combination, and
severity of the particular condition and can be determined by one of skill in the art. The dosage
can be adjusted by the individual physician in the event of any contraindications. {osages can
vary and can be adminsiered inone or more dose admimistrations: datly.

The compounds having Formula | and other agents deseribed herein can be provided in a
pharmaceutical composition. These inchude, for example, 3 pharmacentical compositivn
comprising a therapeutically effective amount of vag or more compounds having Formula [and a
pharmaceutical carrier. The tesm carrier means a compound, compasition, subsiange, or
structure that, when in combination with a compound or composition, aids or facilitaies

preparation, slorage, administration, delivery, effectiveness, selectivity, or any other feature of
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the compound or composition for its intended use or purpose. Forexample, a carvier can be
selected to minimize any degradation of the active ingredient and to mimimize any adverse side
effects in the subject. Such pharmaceutically acceptable carriers include sterile hiccompatible
pharmacentical carriers, including, but not limited to, saline, buffered saline, artificial cerchral
spinal Buid, dextrose, and water.

Depending on the intended mode of administeation, the pharmaceutical composition can

he i the form of sohid, semi-solid or liquid dosage forms, such as, for example, tablets,
suppositories, pills, capsules, powders, liguids, or suspensious, preferably in unit dosage form

suttable for single adninistration of a precise dosage. The compositions will include a
therapeutically effective amount of the agent described herein or derivatives thergof in
corabination with a pharmaceutically acceptable carnier and, in addition, may include other
medicinal agents, pharmaceutical sgents, carriers, or diluents. By pharmaceutically acceptable is
meant a material that is vot biologically or otherwise undesivable, which can be adminstered to
an mdividual slong with the selected agent withouni causing unacceptable biological effects or
interacting in a delelerious manner with the other components of the pharmaceutical composition
i which it is contained.

As used herein, the termy carvier encompasses any excipient, dituent, filler, salt, buffer,
stabilizer, sotubilizer, lipid, stabilizer, or other material known in the art for use in
pharmaceutical formulations. The choice of g carrier for use in a composilion will depend wpon
the intended route of administration for the composition. The preparation of pharmaceutically
acceptable carriers and formulations containing these materials is described in, 2.g., Remingion:
The Science and Practice of Pharmacy, 22nd editton, Loyd V. Allen et al, editors,
Pharmacestical Press (2012).

Examples of physiologivally aceeptable carriers include buffers such as phosphate
buffers, citrate buffer, and buffers with other organic acids: antioxidants including ascorbic acid;
low molecular weight (Iess than about 10 residues) polypeptides; proleins, such as seram
albumm, gelating or immunsiglobuling; hydraphilic polymers such as polyvinylpyrrolidone;
amine acids such as glyeine, glutamine, asparagine, arginine or lysine; monosaccharides,
disacuharides, and other carbohydrates including glucose, mannose, or dextrins; chelating agents

such as EDTA; sugar alcohols such as mannilol er sorbitol; salt-forming coun terions such as
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sodiun; and/or nonionie surfactants such as TWEEN® {ICL, Inc.; Bridgewater, New Jersey),
polyethvlene glycol (PEG), and PLURONICS™ (BASF; Florham Park, NJJ,

Compositions containmg the agent{s} described herein suitable for parenieral injsction
may comprise physiologically acceptable sterile agueous or nonagueous solutions, dispersions,
suspensions or emulsions, and sterile powders for reconstitution into sterile injectable solutions
ot disperstons. Examples of suitable agueous and novaguecus carriers, diluents; solvents or
velucles include water, ethanol, polyols (propyleneglycol, polyethyleneglyeol, glycerol, and the
tike), suitable mixtures theteof, vegetable oils (such as olive oil) and injectable organic esters
such as ethiyl oleate, Proper fhuidity can be maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required particle size tn the case of dispersions and by the
use of surfactants:

These composilions may also confain adjuvants such as preserving, welting, emulstfyivg,
and dispensing agents. Prevention of the action of microorganisms can he promoted by vatious
antibacterial and antifurgal agents, for example, parabens, chlorshutanol, phenol, sorbic acid;
and the like. Isotonic agents, for example, sugars, sodium chloride, and the ke may also be
cluded. Prolonged absorption of the injeciable pharmacentical form can be brought about by
ithe ase of agents delaying absorption, for example, aluminum monosiearate and gelatin,

Solid dosage forms for oral éidrninisimti(m of the compounds described berem or
derivatives thereot include capsules, tablets, pills, powders, and granules. Insuch solid dosage
forms, the compounds described herein or derivatives thereof are adnyixed with at least one inert
cusltomary excipient {or carrier) such as sodium citrate or dicaleium phosphate or (a) fillers or
extenders, as for example, starches, lactose, sucrose, glucose, manmtol, and silicic acid, (b)
binders, as for example, carboxymethyiceliulose, alignates, gelatin, polyvinylpyrrolidone,
saerose, and acaciy, () humectants, as for example, glycerol, {d) disintegrating agents, as for
example, agar-agar, calcium garbonate, polate or tapinea starch, alginic acid, certain complex
silicates, and sodium carbunate, (2) selation retarders, as for example, paratfin, (f) absorption
aceelerators, as for example, quaternary ammonium compounds, (g wetling agents, as for
example, eetvl alcohol, and glycerol monostearate, (h} adsorbents, as for example, kaolin and
bentonite, and (i) lubricants, ay for example, tale, calcium siearate, magnesium stearate, solid
polyvethylene glyeols, sodiwm lauryl sulfate, or mixtures thereof. In the case of capsules, tablets,

and pills, the dosage forms may also comprise buffering agents.
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Solid compeositions of a similar tvpe may also be emploved as fitlers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethviensglyenls, and the ke,

Solid dosage forms such as tahlets, dragees, capsules, pills, and granudes can be prepared
with coatings and shells, such as enteric coatings and others known in the art. They may contain
opacifying agents and can also be of such conposition that they release the active compound or
cotapounds 1y 4 certain part ol the ntestinal tract i a delayed manner. Examples of embedding
compositions that can be used are polymeric substances and waxes, The active compounds can
also be i niicro-encapsulated form, if appropriate, witl one or more of the above-mentioned
excipients.

The conmpounds described herein can be incorporated 1ato pharmaceutical conpastlions
which allow for immediate release or delivery of those compounds to a mammal, The
comapounds described beretn can also be tncorporsied into pharrsaceutical compositions which
allow for modified refease, for example, delayed release or exiended release (for example,
sustained release or controlled release} of those compounds to a mammal for & period of several
days, several weeks, or a month or more. - Such fornmalations are described, for example, in' LLS.
Patent Nos. 5,968.895 and 6,180,608 and are otherwise known in the art. Any pharmaceuticalty-
acceptable, delaved release or sustained-release formulation known in the art is contemplated.

Liguid dosage forms for oral adminisiration of the compounds described herein or
derfvatives thereof include pharmaceutically acceptable smulsions, solutions, suspensions,
syrups, and elixirs. In addilion (o the active compounds. the liquid dosage forms may contain
wert diluents conmmmonty used m the arl, such as water or pther solvents, solubilizing agents, and
ermulsifiers, such as for example, ethyl aleohsl, isopropyl alcohol, sthyl carbonate, ethyl acetale,
benzyl aleabul, benzyl benzoate, propylenegiyesd, 1,3-butyleneglyeol, dimethyiormamide; ols,

m partigular, cottonseed oil, groundnut oil, corn germ oif, elive oil, castor oil, sesame oil,

giveerpl, tetrabydrofirfuryl aleohol, polyethylenegiveols, and fatty acid esters of sorbitan, or

ixturas of these substances, and the like,

Besides such inert diluents, the composition can also include additional agents, such as
welting, emulsifying, suspending, sweetening, flavoring, or perfuming agents.

The compositions are administered 1n a puinber of ways depending on whether local or

systemic treatment is desired, and on the area {o be treated. The compositions are administered
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via any of several routes of administration, including orally, parenterally, intravenousty,
imtraperitoneally, intracranially, intraspinatly, mtrathecally, ntraveniricularly, intramuscularly,
subcutancously, mtracavity or transdermally, Pharmaceutical compositions can also be delivered
locally to the ares in need of treatment, for exampie by topical application or local injection,
Effective doses for any of the administration methods described herein can be extrapoiated from
dose-response curves devived frota i wirre or animal moded test systeins.

Throughout, freat, treating, and treatment refer o a wethod of reducing or delaying one
or more gffects or symptoms of a neurodegerative disease, & myodegenerative disease, 8 prion
disease or a bysosomal storage disease. The subject can be diagnosed with a disease or disorder.
Treatment can also refer to a method of reducing the undertying pathology rather than just the
sympioms. The effect of the administeation o the subject can have the effect of, but 1s not
fintited to, reducing one or more symptoms of the disease; a vreduction in the severity of the
disease, the complete ablation of the disease, or a'delay in the onset or worsening of one oy more
symptoms. For exanple, u disclosed method 13 vonsidered to be # treatmentf there is about a
10% reduction in one or more symiptoms of the disease ina subject when compared to the
subject prior to treatment or when compared 1o a control subject or control vatug. Thus, the
reduction can be about a 10, 20, 30, 40, 530, 60, 70, 80, 90, 100%, or any amownt of reduction iy
between,

As used thronghout, by sehject is msant an individual. The sabjectcan be an adult
sahject or a pediatric subject. Pediatric suljects include subjects ranging in age from birth to
eighteen vears of age. Thus, pediatric subjects of less than about 10 years ot age, five years of
age, two years of age, one vear of age, six months of age, three months of age, vne month of age,
one week of age or one day of age are also included as subjects. Preferably, the subject is.a
mammal such as g primate, and, more preferably, a human, Non-human primates are subjectls as
well, The term subject includes domestivated antmals, such as cats, dous, ete., Hvestock {for
example, cattle, horses, pugs, sheep, goats, efe.) and faboratory animals (for example, ferret,
chinehilla, mouse, rabbit, rat, gerbil, guinea pig, ele.). Thus, veterinary uses and medical
formutations are contemplated herein.

Disclosed are materials, compositions, and conpunents that can be used for, can be used
in conjunction with, can be used in preparation for, or are products of the disclosed methads and

conmpositions. These and other materials are disclosed herein, and it is understood that when
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coinbinations, subsels, Interactions, groups, ete. of these materials are disclosed that while
specifie reference ol sach vartous mdividual and collective combmations and permutations of
these compounds may not he explicitly disclosed. gach is specifically contemplated and
described herein.  For example, if a method is disclosed and discussed and a number of
modifications that can be made fo a number ol molecules including in the method are discussed,
gacl and every combination and permutation of the method, and the modifications that arg
possibie are specifically contemplated voless speeifically ndicated to the contrary. Likewise,
any subset or combination of these is also specifically contemplated and disclosed. This concept
apphes to all aspects of this disclosure including, but not liniited to, steps i niethods using the
disclosed compositions. Thus, if theve are a variety of additional steps that can be performed, it
s understood that each of these additional sieps can be performed with any specific method steps
or combination ol method steps of the disclosed methaods, and that each such combination or
subset of combinations s specifically conteruplated and should be considered disclosed.
Publicativs cited herein and the maienal for which they are cited are hereby specilically

incorporated by reference in therr entireties.

EXAMPLES

Synthesis and characterization of thieno{3,2-blpyridine derivatives
General Information

Commerciatly available 7-chinro-2-iadothieno{3,2-bpyriding {1), m-tolylboronic acid
{2). aniline (4), m-anisidine (8), morpholine {6}, reagents, catalysts and solvents were used as
purchased without further parification, NMR speetra were abtained at 400 MHz ('H NMR) and
100 MEz (¢ NMR) in deuterated solvents. Reaction products were purified by colamn

chromatography on silica gel (particle size 40-63 pm) as deseribed below.
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Syuthetic methods and compournd characterization

Svathesis of thieiwof 3.2<-hpyvaidine compounds 7-10

m PPhy (10 molta)
N*j / L CSECO‘} fg EQ;
1 Me yoiuene, 100°C, 24 h 3, 72% yiela Me
DMSO | 100°C
Nk NH; [0]
'
#0OMe H
4, 2eq, 16h 5, 2 eq, 16h 6, 2eq.4d
¥ 3

9, 95% yield

Bafg

DCM, -78°C 04 °¢,
& h

10, 97% yield

7-Chloroe-2-(m-tolyiithieno|3,2-bipyridine (3). A nuxture of 7-chloro-2-iodothienof 3,2+
Hipyridine (1} {500 mg, 1.69 mmol}, 3-methyiphenyiboronic acid (2) (230 ng, 1.69 mmol),
palladium(Il) acetate (19 mg, (.084 nunol), triphenyiphosphine (44 my, 0,169 mmol) and cestum

carhonate {(1.101 g, 3.38 mmol) in 15 mL of toluene was heated at reflux for 24 h, The reaction
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mixture was cooled to room temperature and partitioned between water and dichloromethane,
The organie layer was washed with saturated agueous sodium chlonde, dried over sodium
sulfate, filtered, and concentrated in vacuo. The crude product was purified by {flash
chromatography on silica gel using hexanes-ethyl acetate (8;2) as mobile phase; Compound 3
was obiained as a colorless solid i 72% vield (315 mg, 1.21 nymol}, Ry 0.2 (hexanes/EtOAR,
L:1%; *H NMR (400 MHg, Chloroform=d) § =834 {d, J= 5.1 He, 1H), 7.73 (5. I1H), 7.55 - 7.52
{m, 2H), 7.38(dd, J =78, 7.8 Hz, TH), 7.23 (m, 1H), 7.21 (d, 7= 5.1 He, 1H), 242 (s, 38, VC
NMR {100 MHz, Chlorolorm-¢) 8= 1582, 149.6, 148.2, 130.0, 137.6, 133.2, 133.0, 1304,
1292, 1273, 133.8,120.8, 1IR6, I1.5; Anal. Caled. for CHpCINS: C, 64,740 H, 3.88; N, 5,39,
Found: €, 64.76:H, 405 K, 328

General procedure for fhe nucleophilic aromatic subsitution reactions

A 3 mL pressure vessel was charged with 7-chloro-2-{m-talylithienof 3,2-blpyridine {3}
(0.3 mmol), the amine (0.6 mmol) and DMSO (1.0 ). The pressure vessel was then placed ina
100 °C oil bath and stirred for 16 b to 4 days, After full conversion was achieved bhased on 'H
NMR analysis, the reaction mixture was extracted witls BtOAc and washed with water: The
cotabined ovganic layers were dried over sodium sulfate and the solvent was removed i vacuo.
The crude product was purified by flash chromatography on silica gel using with hexanes-etlyl

acetate ag mobile phase as described below.

BE-40143

N-Pheayi-2-(m-tolyDthienof3,2-bpyridin-T-amine (7). Compound 7 was obtaned as a

colorless solid m 94% yield (89 mg, (.28 mnwl) Fom T-chloro-2-(m-tolyithieno{3,2-
Plovridine (7R mg, 0.3 mmol)y and antline (36 mg, 6.6 mniol) in 1 il of DMSO alier 16 bours at
100 °C by Tollowing the general procedure described above. By= 0.2 (hexanes/BtOAe, 11k 'H
NMR (400 MHz, Chloroform-d) 6= 838 (m, THY, 7.70 (s, 1H), 7.57 - 7.50 {m, 2H}, 743 - 738
(i, 2H), 7.37 - 7.23 (m, 3H), 7210 - 747 G, 2HY, 6.90 (m, TH), 6.13 65, TH), 243 (s, 3H); ¥C
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NMR (100 MHz, Chloroform~) & = 1585, 1489, 146.5, 1459, 1394, 1390, 133.7, 129.9,
1297, 1296, 1291, 1273, 1248, 1238, 1227 122.5, 121.6, 120.7, 102.6, 21.6; Anal, Caled, for
CraMliaNeS: €, 75.92; HL 5.10; N, 8.85. Found: €, 75.78 H, 5.32; N, 9.1,

HN/('E\GMe
L f\—Q
i 1

BR4G195

Ne(Z3-Methoxyphenyl)-2-(ne-tolyijthiens |3, 2-bipyridin-7-amine (8). Compound 8 was
obtained as g colorless sofd in 92% vield (95 myg, 0.276 mmeol} from 7-chioro-2-0m

tolylithienof 3,2-bpyridine (78 mg, 0.3 mmol} and m~anisidine {74 mg, 0.6 mmol) in I mb of
DMSO after 16 howrs at 100 °C by ollowing the general procedure described above. R~ 0,2
{hexanes/EtOAe, 2:1) 'H NMR (400 MHz, Chloroform-d} 8 = 8,41 (d, /= 5.6 Hz, 18), 7.70 (s,
IH), 7.58 7,51 {m, 2H), 7.36 - 7.29 (1, 2H), 721 {d. J = 7.9 Hz, 1H}), 6,96 ({L J=5.6Hz, 1Hj,
6.87{dd, =78, 24 Hz, TH), 6.83 (dd, .J= 7.8, 7.7 Hz, 1H). 6,73 (dd, /= 7.9, 2.5 Hz, 1H), 6.07
{s, LH), 3.83 (g, 3H), 2.44 (s, 3H); BEOONMR (100 MBz, € Hloroform-d) 5 = 1608, 15R.6, 1489,
1463, 145.6, 140.7, 139.0, 1337, 1305, 130.0, 1391, 127.3, 1238, 1217, 1209, 1145, 1101,
1081, 103.0, 35,5, 21.6; Anal, Caled, or Co HyaN208: €, 72,800 Ho5.240 N, 809, Fowd:
T3 H, 561N, 8,19,

BK4(197

$-(2-(m-TolyDithieno|3,2-h]pyridin-7-v)morpheline (9}, Compound 9 was obtained as a
colorless solid tn 9844 yield (91 myg, (.294 mmal) from 7-chioro-2-{m-tolyhithieno{3,2-
Hlpyridine (78 mg. 0.3 mmol) and morpholine {52 mg, 0.6 mmol) in § mL of DMSQ after 4 days

at 100 °C by following the general procedure described above. Ry= 0.2 (hexanes/EtOAc, 1:1); 'H
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NMR (400 MHz, Chiloroforin-g) & = 8§48 (d, /=~ 5.4 Hz, 1H), 7.69 (s, 1H), 7.59 - 7,52 (m, 2H),
7.34 (dd, J= 79, 7.8 Hz, 1H), 7.20 {(dd, /= 7.9, 2.1 Hz, 1}, 6,64 (d, /= 5.4 Hz, 1H). 403 -
3,85 (my, 4H), 3.54 - 3.39 (i, 4H), 2.43 (5, 3H): YU NMR (100 MHz, Chloroformed) 8 = 158§,
153.0, 1490, 146.6, 139.0, 133.6, 1299, 129.1, 127.2, 123.7, 1234, 121 4, 105.9. 66,9, 49.7,
21.6; Anal. Caled. for CiHigN08: €, 69.65; H, 5.85; N, 9.02. Found: €, 69.89; H, 5.72: N,
9.38.

/BK40196
3-(2-{m-Tolyl)thiene]3,2-b]pyridin-7-yl)amino}phenol (1), To a solution ol N-(3-

methoxyphenyl}2-{p-tolylthieno{ 3, 2-bpyridin-7-amine (8} {69 muyg, 0.2 mmol) i dry
dichloromethane (3 mi) was added boron tribromuide (4 equivy at ~78 °C under wert atmosphere,
Thennixture was stirred for 4 b and the reaction temperature was allowed to reach 0 °C, After
quenching with 1M HCY, the crude reaction mxiure was exiracted with EIOAc and washed witly
water. The combined organic layers were dried over sodium sulfate and the solvent was removed
in vacuo. The ¢rude product was purified by {lash chromatography on sihca gel using DEM-
MeOH (19:1) as mobile phase. Compound 1 was obtained as a colorless solid in 97% yield {64
mg, .194 mmeol}. Ry 0.4 (DCM/MeOHN, 9:1%: 'H NMR (399 MHz, Methanol-dy) § = 8.22 (d, J
= 6.7 He, 1HYL .70 (s, 1HY, 765 (50 1H), 761 {dd, /=73, 2.1 Hz, 1H), 740 {dd, 7= 7.6, 7.6 Hz,
1), 7.34 - 7.31 (m, 2H), 6.93 {4,/ = 6.7 Hz, 1H), 6.88 (m, 11}, 6.85 - 6.79 (m, ZH), 2.44 {5,
3 PC NMR (100 Mz, Methanoi-dd) 6 = 16001, 154.7, 153.5, 149.5, 1411, 140.7, 1395,
1333, 1324, 1309, 1317, 13005, 1282, 12545 1174, 115.7, 1149, 113.5, 102.7, 21.3; Apal,
Caled. for CaaHeN208: C, 72260 H, 4.85; N, 843, Foundd: C, 72,29 H, 4.97; N, 861,

Cell Culture
Rat neuroblasioma B35 cells were grown in Dulbecce’s Maodified Eagle’s Meadiom

{DMEM) with 10% Fetal Bovine Serum (FBS}) and 1% penicillin/streptomycin and incubated at
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37°C with 3% CO:, For the experiments, cells were transforred to 12-well plates (Cat, # 150628,
ThermoFisher, Waltham, MA) and grown io at least 70% contluence. Transient transtection was
performed with 3ug P30 Ltau (Cat. #30145, Addgene} ¢DNA or 3ug human a-synuclein cDNA
using Fugens HI transfection reagent (Cat. #E2311, Promega, Madison W) for 24 hours. Cells
were reated with TmM, 100uM, 10uM, TuM, GlaM, 00100, and 0.001 M dissolved in
DMSO or an equivalent Suls of DMSO for § howrs, Cell culture media was collected and cells
were harvested using sodium-tris, ERTA, NP-40 (STEN} buffer and centrifuged at 10,000 x g for
20 minutes at 4°C and supernatant was collected. Cell viability was determined via lactate
dehydrogenase assay (Cat. ¥ 889534, Thermofisher) and MTT assay (Cat. #V 13154,
Thermofisherl. Protein was extracted by removing culture mednan and adding 0.2 ml ix STEN
buffer {50 mM Tris (pH 7.6}, 130 mM NaCl 2 mM EDTA, 0.2 % NP-40, 0.2 % BSA, 20 mM
PMSF and protease cocktail inhibitor} to cell layer and incubaied on tce for 10 minutes. The
bottom of the well wis scraped and allowed to incubale on ice for an additional 10 minutes, Cell

tvsates were collected, stored at <&0°C, and used for additional analyses,.

Drug Preparation

Compound 1 {BK40197) and Compound 2 (BR40143), with molecular weights of 3191
and 316.4 g/mol, respectively, were diluted i Dimethyl Sutfoxide (DMSQ) 1o final
concentrations of 100 uM, 10 pM, 1M, 0.1 p0, 001 oM, and 6001 uM. Drugs were stoved & -
8O °C.

MTT assay

To ragasure cell viahility, cells were incubated with 500 gL of Dulbecco™s Maditied
Eagle's Medium (DMEM) containing 50 pL of (3-[4,5-dimethylthiazol-2-y1]-2, 5 -diphenyl-
tetrazodium bromide (MTT)) for 4 hours at 37°C and 5% CQu. The media was aspirated so that
125 ul, of media remained. The formazan salis were dissoived in 250 ul. of DMSO. Absorbance

was read against a blank contaming 125 ul. of media and MTT, and 230 ul. of DMSO at 370 nm.

Lactate Dehydrogenase (LDH) Assay
Cellalar cytotoxicity was quantitatively measured by assessnient of LDH; a eviosslic

enzynie that 15 refeased from damaged cells nto the cellular media, alter exposure to the drug 5

Tad
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hours after mnitial dosage. The cell culiure media was collected, and an aliguot was coupled with
alactate and NAD+, LDH catalvzes the reaction that converls lactate tnio pyruvate to produce
NADH. NADH, in turn, redoces a tetrazotium salt {(INT ) into a red formazan product. The
amoant of LDH it the media is proporuional to the amount of lormazan, which was measured a1
490 nm, The absorbance at 680 nni, to measure the backpround signal front the instrument, was

suhiracied from the absorbance at 490 i fo calcutate the LDH activity,

Cell Culture Transfection gnd Trestment

To perform travsient transfection of a-synuclemn mito the rat neuroblastoma B33 cells
FatGene® HD Transfection Reagent (Promega Corporation, Madison, W1 was used. Cells were
grown i 12-well dishes, A mixture containing 12 pg ol cDNA, 540 ug of DMEM conlaming
2% FBS, and 60 pl of FuGene® HD Transfection Reagent was mcubated for 10 minutes. The
cells were treated with 50 pl ol the FuGeng® HD Transfection Reagent/DNA mixture for 24
hours. Cells were harvested after fransfection, media was aspirated, the cells were treated with
200ul of Sodiwm Tris EDTA NP40 (STEN) tysis bufter then scraped off the plate and collected

into a 1,5 mi centriluge tube,

Mouse Treatment

Experiments were conducted on (a) TgAPP mice which express nearonally derived
human APP gene, 770 isolorm, containmg ihe Swedish (K670NM671L, Dutch E693Q, and
lowa DO94N mutations under the control pt the mouse thymus cell antigen |, theta, Thyl,

Gy

promotoy {(Davis et al. i:ariy-nnsasi and robust cerebral micvovascular accumulation of amviowd
beta-protein in transgenic mice expressing low levels of a vasculoteopic Dutch/Towa mutant form
alamyleid beta-protein precursor,” The Jowrnal of bivlogical chemistey, 279(19%20296-20306
(2004); (1) rTe4510 muice which express buman P301L tau and bave the tet-responsive element
{TRE or t10) and mouse prion protein promotor sequences (PrP or Prap) directing expression of
the P301L matant variant of human four-repeat microtubule-associated protein tau (4RONTau
PI0IL) {Rantacruz of al. “Tau suppression in a neurodegenerative mouss model improves.
memory funclion,” Sceience 3095733 1476-48 (2003); or (¢} TgAS3T mice which express mutant
argimine o threonine {AS3T) human g-synuclein under the control of the prioa promotor

{Giasson et al. “Neuronal alpha-synuclemopathy with severe movement disorder in mice
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expressing AS3T human alphassynuclein,” Newron 34(41:321533 (2002), Mice received
treatments of daily intraperitoneal {1.p.) injections ol BE40143 {BK) (Mediginal Chenustry
Program, Georgetown University), Nilotimb (Nilo) (Cat. #81033, Selleckchem Inc., Houston,
TX), Bosutingb (hos) (Cat. #51014, Selleckehem Ing. ), or combined solutions of BK -+ Nilo, BK
+ Bog, or Nilo +Bos at 1,25mg'kg, 2.5mg'kg,; or 3,0mg/kg dissolved in dimethyl sutfoxide
{DMSO) (Cat. #D128-500, Fisher Scientific, Hampton, NH) or an equivalsat dose of DMSO
only. Treatment periods were either 7 consecutive days or 21 consecutive days as designated i
the figure legends.
Xmap

Xmap technology uses magnetic microspheres that are internally coded witly two
Quorescent dyes. Through precise combinations of these two dyes, muliiple proteins weare
measured within a sample. Bach of these spheres is coated with a specific capture antihody. The
capture antibody binds 1o the detection autihody and a reporter molecule, completing the reaction
on the surface of the bead. 25 pl of sohuble brain tissue lysates, from transgenic Tg4510 mice
treated with § mg'kg. 2.5 mg'ky and 125 mg'kg of BK4(143 or DMSO were incubaled
overnight (16<20 hours) at room temperature with 25 pl of detection antibody solution, and 25 ul
of a mixed bead solution, containing the following analyte: human phospho~tau (181). Following
sxtensive washing of the plate, samples were incabated with 25 ol of Streptavidin-Phycosrythrin
was added to cach well and cubated for 30 minules at room temperature. Samples were then
washed and suspended i 1000l of sheath fluid, After resuspension, samples were run on
MAGPIX with Xponent software. The Median Fluorescent Intensity (MFI) data was analyzed
using a 3- parameter ogistic or spline curve-fitting method {or calculating analyte concentrations

in samples.

Protein Extraction

Brains from treated mice compared with DMSO treated mice were homegenized in STEN
Iysis buller [5¢ mM sodium Tris {pH 7.6), 150 mM NaCl, 2 ;M EDTA, 0.2% NP-40, (.2%
BSA, 20 mM PMSF and protease cockiail inhibitor], centrifuged at 10 000g for 20 minar 4y °C
and the supematant containing the soluble protein fraction was coliecied. The supernatant was
analyzed by Western Blot W) on SDS-NuPAGE Bis-Tris gel (Invitrogen, Carlshad, CA)y and
ELISA,
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Pharmacokinetics studies

CS7BL/6] mice were injected one with 1.p, injection of BK. Braim and serum were
collected at 2, 4, 6, or 12h (e 18 per drug, 53 per dose and time pomnt). Anmals injected with
vehicle (DMSO) were used for background subtraction, Stock selutions ol drug (approximately 1
mg'ml each) were prepared in methanol/dichloromethave (50:30) The serial dilutions for each
ol the standards were produced for the study separately i methanolHPLL grade water (50:30),
Prepacation ol the calibration curve standards and guality samples (QC) was performed by
mixing the stock solutions in blank sanples, Serum and brain samples were stored at -80+C then
thawed to roony tethperature priov 1o preparation. The thawed serum samnples (20 wli) were
transfused o a tube containing 100 vl ol water. The 300 ul. extraction solvent,
acetonitrile’methansl (30:50) was added to the sample. The mixture wak voriexed and ncubated
on ice tor 20niin to acceleraie proten precipitation, After incebation, the samples were voriexed
again and venirifuged at 13,000 tpm for 20 min al $C. The supermatant was then collected and
transferred 1o a new tube, dried using speed vac, and reconstituted in 200 vl of methanol/water
{50:50). The mixiure was spunagain at 13,000 rpm for 20 mun 200 at 4-C, The supernatant was
then collected into a mass spec sample tube cap and run in the mass spegtrometer. For the brain, a
small section of the thawed brain sample from each animal was transierred to a flat bottom tabe.
200 uL of methanol/water (90:10} was added, and the tissue was homogenized. Acctonitrile was
then added to the mixture facilitating proiein precipitation, The mixiure was then incubated on
ice for 10 min, After incubation, the samples were vortexed and centrifuged at 13,000 rpm for 20
min at 21040, The supernatant was then collected and transferred 1o a new tube, dried using
speed vac, and reconstituted in 200 oL of methanolwater {5(:50). The mixture was centrifuged
at 13,000 rpr for 20 min at 4<C. The supermatant was collected mito a mass spec sanigle tube cap
and run in the mass spectremeter. The samples were resolved on an Acquity UPLC BEH TS
17y, 2.8 = 50 mm column online with a triple quadrapole mass spectrometer (Xevo-T0-S,
Waters Corporation) operating m the multiple reaction monitoring (MRM} mode. The sample
cone voltage and coliision energies were optimized for both analytes to obtain maximam ton
mtensity for parent and daughter ons using “IntelliStart™ feature of MassLynx software {Waters
Corporation). The instrument parameters were optintized tO gain roaximuin specificity and

sensiiivity of ionization for the parent fmfz = 438.25] and daughier 1ons [m/z = 357.33], Signal

42



CA 03120639 2021-05-19

WO 2020/106825 PCT/US2019/062387

titensities from all MRM Q1703 ton pairs for analytes were ranked to eiwsure selection of the
most tistense precursor and fragment ton pair for MRM-based guantitation, This approach
resulted i the selection of cone voltages and collision enérgies that maximized the generation of
cach fragment 1on species. An analysis was performed with a six to eight~point calibration curve,
the sample queue was randomized and solvent blanks were injected to assess sample carryover.

MRM data were processed using Targetlynx 4.1, The relative quantification values of analytes
were determined by caleulating the ratio of peak areas of transitions of samples normahized to the

pesak area of the internal standard.

Tissue collection and protein extraction.

Animals were deeply anesthetized with a wixkture of Xylazine and Ketantioe (1:8), and
500ul of whole blood was collected via cardiac puncture, centriluged at 20007 g to precipitate
hlood cells and the serumn was collected. To wash out the remaming blood from vessels and
reduce contamination, animals wers perfused with 25ml of 1X phosphate buftered saline (PBS)
for 5 mins. Brains were collected and homogentzed 1n 1O ml Ix STEN buffer. Homogenized
samples were centrifuged at 12,000 x g for 20 min at 4°C and supemnatant (soluble protein
fraction) was collecied and stored at -B0°C. Insoluble protein was extracted after removing the
supernatant, The tissue pellet was washed with 1X STEN buffer. The pelist was re-suspended in
750ul of 76%, formic acid and incubated for 30 min at room temperature followed by a
centrifugationat 28,000 g at 4*C {or 1hr. The supernatant was collected as the "insoluble
fraction.” Samples from the 70% formic acid [raction were siored at ~R0°C and neuiralized with
IM Tris-base (1:20) immedistely befbre use, Protein levels were quantified using Pierce BCA

protein assay (ThernioFisher, 23225} via manufacturer’s tnstructions.

Immunoblot analysis

Solable and nsoluble proteins extracted from mouse brain fysates were run on SPS
NuPAGE Bis-Tris gel {Cat. §NPO30IBOX, Invitrogen) and probed for phosphorviated tau with
{1:100) monse monoelonal ATIRO (Cat. §MN1040, ThermoFisher) and (1 1000) mouse
monocional AT& (Cat. #MN1020, Thermo¥Fisher), total taw with {1:3004) mouse monoclonat
Tau-5 antibody, phosphorylated DDRY with (1;250) rabbit polyclonal MUKI10 {Cat, #PAS-
64786, Thermolisher), ubiquitin with (1:3000) rabbit polyclonal (Cat. #PA3-16717,

£
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ThermoFisher), Atgd with {1:1000) rabbit monoclonal {Cat. #mAb 12994, Cell Signaling,
Danvers, MA), Bectin-1 with (1:1000) rabbitmonoctonal {Cat. #mAb 34935, Cell Signaling), and
Actin with (1:8000) rabbit polyclenal (Cat, #MABIA0IR, EMDMillipore, Burlington, MAJ.
Blots were visualized using Super Signal ™ West Dura Extended Duration Subsirate (Cat.
#37071, ThermoFisher) on the Amersham™ Imager 600 (GE Healthcare Life Sciences,
Pittsburgh, PAY. Western blots were quantilied by densitometey using Image J software.
Enzyme Linked Immunosorbent Assay (ELISA)

Hunwan a-synuclein and p-tas ELISA were performed usiug 30 ul (F ug/ul) of cell lysates
detected witly 30 ul primary antibody {3 b) and F00 pl anti-rabbi secondary antibody (30 many at
RT. u-Synuclein levels were measured asing human specific ELISA Unvitrogen Ine., Carlsbad,
CAY according 0 yaanufacturer's profocals. Taw was measured using specific tau at setine 396
according to manufacturer’s profocol. Bach sample was duplicated.

ELISAs for total Tau, ABag, and ABg (Millipore Cat¥f HNABTMAG 60K were
conducted nsing Milliplexed ELISA. As set forth above, Xmap technology nses magnetic
nmicrospheres that are internally coded with two fluorescent dyes. Throngh precise combinations
of these twe dyes, multiple proteins are simultangously measured within a sample. Each of thess
spheres 1s coated with a specific caplure antibody. The capture antibody binds to the detection
antibody and a reporter molecule, completing the reaction on the surface of the bead. All samples
including placsbo and resveratrol at baseline and 52 weeks were analyzed in parallel using the
same reagents. A total of 25 1 seluble protetn was enbated overmight at 4 °C with 25 ul ot'a
mixed bead solution containmg total Tau, ABag, and ABu After washing, samples were
weubated with 25 pl detection antibody solution for 1.5 h at room temperature. Streptavidin-
phycoerythrin (25 ul} was added to each well containing the 25 1 of detection antibody solution.
Samiples were then washed and suspended tn 100 pl of sheath flutd. Samples were then run on
MAGPIX with Xponent soffware. The median fluorescent intensity (MFE1) data were analyzed
using a S-parametey logistic or spline curve- filting method tor caleelating analyte concentralions
m samples. Specifie p-Taw set386 (nvitrogen, KHBT703 1) human Tag thrl 81 (Invitrogen,
KHOO063 1) and ABE-42 (Invitrogen, KHB3442) were performed according to manufacturer's

protoeot on tissue seluble extracts from midbrain lysates in IXSTEN buffer (see abovel,
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Behavior

Rotarod: mice were placed on an aceelerating rod {Cat. #76-0770, Panlab, Harvard
Apparatus} equipped with individual timers for each mouse. Mice were tested over 4 trials, 3
tranuing and 1 festing. Mice were tramed to stay on the rod at a constant 4 rotations per minute
{rpm) for at least 5 munutes, and then the speed will pradually increase to 40 rpm over 300
seconds and the latency to fall was measured.

Open-fiekd: Mice were placed i the open Geld arena apparatus { 35 em x 25 cm) for 60
minuies, Anbuals were tracked by photocell beamis along the arena Boor. Data were collected
and snalyzed foriotal distance traveled (¢}, total time spent moving (sec), and velotity
{distance/time} during the 60-miinute triall A center zone was digitally defined in the software as
(23 cm x 23 em) inthe center of the apparatus and center zong enirizs, center xone distance
travelted (om), and lime spent in center zone (sec) during the 60-minute trial were recorded,

Morris water maze: The water maze apparatus consisted of a -foot-diameter pool {San
Diego Instruments) filled with water maintained at 25°C and made opaque with white paint and
digitaily dovided inte 4 quadrant zones (ANYMaze soltware, San Diggo lastruments). Exira-
maze visual cues were hung en the walls swrounding the peol and a hidden platform {4 inches in
diameter) was submerged 1 em below the surface of the waler in the center of the ‘platform
zone”. Training consisted of three trials per day for four days ieading up-lo a probe trial on the
fifth day. The mice were introduced inter the pool at one of three eniry polats, one per nons
platform quadrant zone, with svery entry point used over the cowrse of the day. The focation of
ihe platform remained constant throughout the entire training period. The mice were given 60 sec
to locate the platform. and remained on the platform for 10 sec before being removed. Mice that
did not locate the platform within 60 sec were placed on the platform for 10 sec before removal
trom the maze. During the probe trial on the fifth day, the platform is removed and the tracking
software (ANYMaze) was used to record latency to find the platforny, platforny quadrant zove,
swim speed, and swin path. This traming and probe irial paradigm was conducted pre-treatment
and post-treatment.

Marble burial test: Marble burying test was performed as previously described [35] with
modifications. Briefly, 20 marbies of 18 mum in dlameter were spaced by 4 o i five rows of
four marbles each on a surface of gently packed S~em-deep corncob bedding in & double-stzed rat

cage. A mouse was left alone in the cage for 30 minutes. An observer blinded to the treatment
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counted the number of marbles buried. Any marble buried more than two-thirds of its size was
counted. Each mouse was assessed once at pre- and post- treatment and data were reported as
average = SEM of the percentage of buried marbles per antmal. Kuskal-Wallis tests followed by
Wilgoxon post hoo test was used to determiine statistical significance ol marble burying in mice

treated with drag or DMSQ,

Statistical aualysis.
All statistical analysis was performed using GraphPad Prism, version 8.0 (GraphPad
software Ine.). For expersuents mvolving miice, saniple size {n) and feruale:male rations wsed in

each experiment are indicated o the figure legends. For experiments using cell Hnes the nuniber
of independent biological replicates is reported (N). Data are presented as mean £ SEM. When
compariug averages i iwo groups, two-tailed Students ¢lest or Welch s 1 test was performed.
When conyparing the averages on miultiple groups, one-way asalysis of vagiance (ANOVAY
followed by Tokey’s multiple comparison post hoo test was performed. Asterisks or the pownd
symbol denote actual p-value significances (¥<0.05, ¥¥<0.01, #0001, **¥52 0001 between

groups or within groups and 1s noted in the individual figure legends,

Resulis

As shown in Fig. | (lefl panel and middle panel), alter 16 hours of treatment,
neuroprotective effects were observed 1y B35 cells treated with 1 uM BK41043, as evidenced by
the decrease in LDH and the increase in MTT, respectively, as compared to conirol. Fig. 1 {right
panel)} shows that, alter five hours of treatment, there was a stepwise increase cell viability, via
decrease in EDH, with decreasing concentrations of BK40143.

Fig. 2 shows cell viabilily of B33 cells after 24 hour transfection with pTau (Jefl panel) or
a-synuclein (right panel) and five hours of treatment with BR41043.

B335 cells were grown in complete madia and transfected with cDNA for human mutant
Tau and alpha-synuclein using FuGens HD transfection reagents according to manufacturer’s
wstructions. At 24 hours the ransfection had produced significantly higher amounts of phospho-
Tau and alpha-synuclein compared to non-lransfected cells via ELISA. Fig. 3 shows the level of
pTau {181} after 24 hour transiection (left panel} and that BK41043 reduces pTau (181) fevels in

pTau lranslected B33 cells {nght panel} back to control tevels. This occurred without any
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change to LDH levels indicating 1o increased toxicity during the experiment. Fig. 4 shows the
tevel of a-synuctein alter 24 hour transfection {lefl panel) and that BK41043 did not reduce o~
synuclem i a-synuclein-transtected B35 cells {right panel),

Fig. 5 shows cell viability of B35 cells after five hours of treatment with BK40197,

Fig, 6 shows that BK40143 reduces pTau {181} in Tau expressing transgenic mice, afier
seven days of treatment. The fevels of pTau(181) were measured via ELISA,

Fig. 7 shows that treatment with BK-40143 (1.25 mgkg 2.5 mg'kg or 5.0 mgkg) did not
affect the fevels of pTau (231 (ATIR0) in transgenic mice.

Fig. § shows that Tau (HT7) was significantly reduced in Tauwtransgenic mice after seven
days of treatment with BK-41043, at 1.25 mgrkg and 2.3 mg'kg,

Fig. b shows that treatment with BR-40143 (1.25 mgkg or 2.5 mg/ke) resulis 1o i vivo
inhibition of DDR 1, as measured by detection of phosphorylated DDR 1 (pMCK 10).

Fig. 10 shows that pTau was reduced in CamP301L mige after treatment with 2.5 mg'kg
or 5 mg'ke BK-40143.

As shown in Fig. 11, BK 40196 reduced alpha-synuoclein at high concentrations ard
BK40197 does not reduce alpha-synaclein, 1mM and 100uM of BK40196 significantly reduced
the level of alpha~synuclein in transfected B35 cells (Fig, 11AY. BK40197 does not display any
ability to reduce alpha~synuclein fevels in transtected B35 cells (Fig. 11B).

As shown in Fig. 124, BK-40143 significantly decreased alphassynoclein in AS3T mice.
compared 1o DMSO treated control AS3T mice. C57BL/GJ mice were used as controls and show
no detectable (N.D.) buman alpha-synuclein. Fig 128 shows that BK-40143 insignificantly
incredsses (about 20% 5 the'overall level of a:iﬂ;jami.ne, however BK-40143 did increase the level of
the dopamine metabolite, homovantllic acid (HVA), i AS3T mice indicating muore dopamine
turnever which could result in beiter dopanune nearolransmission. The inymunoblots shown in
Rigs. 12C and 12D for alpha-synuclein { ThermaFisher, MA1-12874) mirrored the 40% reduction
w1 alpha-svouelein seen iy the ELISAL

Aninal studies also showed that BK-40143 improved velocity of locomgtion in AS3T
mice. ASIT mice were tested on the open field test for overall locomotor ability over a 60-
minute trial. Although the niice did not show any differgnce iy the fotal distance travelled or total

time spent moving, the velocity of their movements signilicantly increased with BK-40143
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treatment (Fig. 13). This could bea reflection of better dopamine neurotransmission as indicated
by the increased levels of HVA afier BK (Fig, 12B).

It was also shown that BK40143 selectively deactivates DDRs but not Sre or Abl and
reduces phosphorylated tau i the rTG4510 tavopathy mouse model. Male and female, 3-month-
old rTG4530 mice were treated Lo, with 1,25mg'kg, 2. 5mp'kg, or Smp/kye of BK40143 or DMSQ
for 7 consecutive days, Fig. 14A, an invmuunoblot probing for activated (phosphorylated) DDR 1,
derponstrates that 1.25 and 2.3 but not 3 mg'kg ol BK40143 deactivated DDR 1. Fig. 148, an
immwunoblot probing for activated Sre, demonstrates that BK-40143 does not engage this
tyrosine kinase. Fig. 140, an immunoblot probing for activated Abl, demonstrates that BK-
40143 does now engage this tyrasking kinase, 1.2, DDR . Upon probing for phosphoryiated Tau
{ATS), Fig. 14D shows that all three doses ol BK-40143 reduced the levels of phosphorylated tau
by 41-49% percent. As showy in Fig. 14E, an ELISA for phosphorylated Taa (ATIR]) revealed
that that 2.5mgkg of BK40143 significantly reduces phosphorviated Tau.

BK40143 also significantly reduced amyloid, phosphorylated tay, and deactivated DDRI.
Male and female, T~month-old APP mice were treated Ly withs 1.25 and 2.5mg'kg of BK40143
or DMSO for 21 consecutive days. Immunobloting {or aggregating extraceliular amyloid-beta
{6E10) demonstrated that 1.25 and 2.53mg/'kg of BK40143 significantly reduced amyloid-beta
plagues (Fig. 15A). Probing for phosphorylated DDR1 demonstrated that 1.25 and 2.5mg/kg of
BK40143 deactivated DDR 1 by 409 and 319, respectively (Fig. [3BY. Probing for activated
{phosphorvlated Abl {245) demonstrated that BK40143 does not engage Abl {(Fig. 15C). Figs
150 and 15 show that 1.25 and 2.5mgkg BK~40143 significantly reduced soluble human
amyloid-beta via ELISA, but did not significantly reduce the insoluble amyloid-beta. Also
shown is that 2. 5me'ke of BK4G143 significantly reduces human phosphorylated tax {Serd39e) by
over 80%: (Fig. 18F).

Also-shown is that BK40143 could improve performance on Morris Water Maze test for
cognition in APP mice. APP nyice were tested on the morris water maze post-tredtment for their
ability 1o find a target platform. Measurements include the number of platforn entries (Fig. 16,
left panel), the latency to the first entry (Fig, 16, middle panel}, and the distance travelled before
theix first entry to the platform (Fig. 16, vight panel). Although there was o significant dillerence

between groups, 1.25mg'kg of BK-40143 shows a trend for increased performance with higher
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numbers of platform entries, and a lower laiency to first entry and lower distance travelled before
the first entry (Fig. 16},

Studies also showed that BK40143 does not cause cell death in the hippocampus of APP
mice. Representative 20um hippocaimpal sections were stained for Nissl substance. 4x and 20x
wmages for DMSO, 1.25mg'kg, and 2.5mg'ke of BK40143 arc shown in Fig, 17 (left panel),
Meao staining intensity was quantiied in image; sofiware as the fotal amount of Nissl stating @
all 4x muages (Fig. 17, right panel)

These data suggest that a comipound of Formula L, for example, BK41043 or BK40197
cad he used to treat or prevent a neurodegenerative disorder, a wmyvodegeneralive disorder or a

tysosomal storage disorder,
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What 15 claimed is;

1. A compound having the following {formula;

wherein
Xis Nor CH;
Y is Couo aryl unsubstituted or substituted with RY; or Csao heteroaryl unsubstituted or
substituted with R, or N-methylpiperazinyi;
RYis ACHD-R?, (CH21-CEOMRE, or ~O(CH R

alkyl amino, di Cryalkyl anine, hydraxyl Cis alkyl amino, carboxy Crsalkyl aming, Cs
s eyeloalkyl Croz alkylanino, pyrroliding, hydroxyl pyrrolidinyl, hydroxyl C) 2
alkylpyrolidinyl, carboxypyrolidiny, piperdinyd, Crz atkvlpiperidingt, di Ciaalkyl
piperidinyl, piperazinyl, U alkylpiperarinyl, U4 alkoxyearbonvlpiperazinyl, or
morpholiny;
7 is hetercaryl, heterocyelyl, or NR'RY

R and R? are independently H, Ciyalkyl, Cia alkoxy, or unsubstituted phenyl,
and

1t is an ieger selected from O to 3,

ot an wsomer o pharmaceutically acceptable salt thergof

2. The conypound of claim 1, wherein the compound does not conyprise ong or more halogen
atonis.

3. The compound of elatm 1, wherein Y s Zemtohuvl,

4, The compound of clamz 1, wherein Z is heterocyelyi.
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. The compound of claim 4, wherein Z is nrorpholin-1+yl.
6. The compound of claim 1, wherein the compound has the following formula:

Oj

N

=
N
Chg

7. The compound of clabm 1, wherein R* is H and R* is unsubstituted pheuyl.
8. The compound of claim |, wherein the compound has the following formuta:
9. A method of trealing or preventing a neurodegenerative disease, a myodegenerative disease

or prion disgase 1 a subject, comprising administering 10 the sabject with the neurodegenerative
disease of the central nervous svstem, the myodegenerative disease, or the prion disease or at risk

for developing the neurodegenerative diseass of the ventral nervous sysieny, the myodegenerative

disease or the prion disease an effective amount of a compound having the following formula;
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wherein,
Xis Nor CH:
Y ois Ceag aryl unsubstituted or substituted with RY; or Csp heteroaryl unsubstinged or
substituted with RY, or N-methylpiperazinyl;

R - {CHDeRE, S(CHD-CUORRE, or - O(CH2)e-R

R¥is “H, <ON, halogen, Ui alkyl, Cialkoxy, phenyl, pynidinyl, aming, U
alkyl amino, di Cra alkyt aming, hvdroxyl Oz alkyl amino, carboxy Coaalkyl amiino, Cs
soycloatkyl Cios atkylaming, pyrrolidinyl, hydrox vt pyrrolidinyl, hvdroxyl Cra
alkylpyrolidinyl, carboxypyrolidingt, pepentdinyl, Cioyalkylpiperidingt, di Cia atkyt
piperidingl, piperazinyl, Croy alkylpiperazinyl, Ciq alkoxvearbonylpiperazmyl, or
morpllinyd;
Z is heteroaryl, heterocyclyi, or NRRY;

R and RY are independently H, Craalkyl, Cos alkoxy, or unsubstituted phenyl,
and

n 18 an integer selected from 0 fo 3,

or an 1sonmer or pharmaceutically acceptable salt thereofl

10. The method of claim 9, wherein the compound has the following formula:

1
[
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CHy

11. The method of claim 9, wherein the compound has the following formula;

Cry

12, The method of any one of claims 9-1 1, wherein the compound crosses the blood brain

bartier.
13, The method of any one of ¢lanins 9-12, wherein the central nervous sysiem

newrodegenerative dissase is selected from the group consisting of Amoytrophic Lateral

Sclerosis; Alzheimer’s Dissase, Parkinson’s Disease, Huntineton's Disease, Mild Cognitive
K » g o=

Tpatrment, an a-Synuclemnopathy aud 8 Taupathy.

14:  Themethod of any one of claimis 9-13 wherem the compound 1s adimiuistered

systentcally.
13, The method of claim 13, wherein the compound is administered orally.

16. The method of any one of claims 9-15, wherein the compound s adminsiered at a dosage

of 189 mg'kg or less,

i
Tad
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17, The method of claim any of claims 9-16, wherein the conipound is administered at a

dosage of 5 mgske or less,

18, The method of any oue of claims 9-17, wherein the compound is administered at a dosage

of 2,5 mgikg or less.

19, The method of any one of claims 9-18, wherein the conmpound 1s adnunistered daily,

20, Fhe method of apy one of claims 9-19, wheremn the compound 1s i a pharmaceutical

composition.

21, The method of any one of claims 9-20, further comprising adiinistering a second

therapeutic agent 1o the subject.

22, Themethod of clasm 21, wherein the second therapeutic agent is selected from the grougy
consisting of levadopa, 8 dopaming agonist, an anticholinergic agent, a monoaming vxidase
inhibitor, a COMT inhibitor, amantadine, doneperil, memantine, risperidone, rivastigming, an
NMDA antagonist, an acetylcholinesterase inhibitor, a cholinesterase mlubitor, riluzole, an anti-

psychotic agent, an anltidepressant, and tetrabenazine.

23 A method of inhibiting or preventing foxic prolein aggregation it & BOUION CoOmprising
contacting the neuron with an effective amount of a composition comprising a compound having

the following formula;

wherein,
Xis Nor(CH;
Y is Cep aryl unsubstituted or substituted with R'; or Cs.io heteroaryl unsubstituted or

substituted with R', or N-methylpiperazinyl;

54



CA 03120639 2021-05-19

WO 2020/106825 PCT/US2019/062387

RY s ACHw R, (CHZ e CEOPRRE, o8 -O(CH RY

RY 15 -H, <ON, halogen, Coyalkyl, Ciyatkoxy, phenyl, pyridinyl, amino, Cia
alkyl amino, i Ciy alkyt amino, hydroxyl Cis alky! aminoe, carboxy Cis alkyl amino, Cs
s eyveloatkyl Crs atkylanung, pyrrolidiny, hyvdroxy! pyrrolidinyl, hydroxyl Cis
alkylpyrolidinyl, carboxypyrolidiny, piperidinyd, C 2 atkvlpiperidingd, di Ciyalkyd
piperidiny, piperazinyl, Gz alkylpiperazinyl, C s alkoxyearbonylpiperazinyl, or
morpholinyt:
Z is beteroaryl, heterocyelyl, or NRPRY:

RY and R® are independently H, Ciaalkyl, Ceaalkoxy, or unsubstituted phenyl,
and

i 18 an integer selected from 0 to 3,

or an isowmer of pharmacewtically accepiable salt thereofl

24. The method of elaim 23, wherein the compound has the following formula:

Lt

@

Ch;

25, The method of claim 23, wherein the compound has the following formula
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26, The method of any one of claims 23-25, wherein the protein is selected fron the group

consisting of an amyloidogenic protem, alpha-synuclein, tau and TDP-43.

3
~.3

The method of any of clamms 23-26, wherein the contacting is performed in vitro.
24 The methoed of apy of claims 23-26, wherelnn the contacting is performed in vivo.

29. - A method of {reating or preventing a lysosomad sforage disease (LSD) 1n a subject,

conmprising adminstering to the subject having the LSD an effective amount of a compouand

having the following formula;

wherein,

XisNaCH

Y is Ceae aryl unsubstituied or substituted with R or Cie heteroaryl unsubstituted or
substituted with R', or N-methylpiperazinyl;

RIS A CHeRY, (CHD-CIOR?, oy ~O(CH2)w-RY;

R¥is ~H, -ON, halogen, Crsalkyl, Coaatkoxy, phenyl, pyridinyd, ansine, Cs
alkyl amino, di Crz alkyl amnine, hydroxyl Cis alkyl amino, carboxy Crg alkyl amimo, Cs.
soyeloalkyl Cra atkylamino, pyrrolidinyl hydrox vt pyrrolidinyl, bydroxyl Cia
alkylpyrolidinyl, carbexypyrolidinyi, piperiding, Cryalkylpiperidiny, di Cus alkyt
piperidinyls piperazinyl, Oy yalkylpiperaadnyl, g alkoxyearbonvlpiperazinyl, or
morpholiny;

Z:is heteroaryl, beteroeyelyl, or NRIRY;

R* and R* are independently H, Cx alkyl, Coyalkoxy, or unsubstituted phenyl,

and

n is an integer selected from 0 to 3,
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or an isomer or pharmaceutically acceptable sailt thereofl

30. The method of claim 29, wherein the compound has the following formula:

i8]

S

31, The method of claim 29, wherein the compound has the following fornuula:

32, The method of any one of claims 29-31 wherein the lysosonmal storage disease 1 selected
tfrom the group conssting of Hurler syndrome, Hurler-Scheie syndrome, Scheie syndrome,
Hunter syndrome, Santillipo syndrome A, Sanfillipo syndrome B, Sanfillipo syndrome C,
Sanditlipo syndvonie B, Merquio syndrome A, Morquio syhdrome B, Maroteaux-Lamy
syndrome, Sty syndrome, Natowicz syndrome, Pseudo-Hurler polvdystrophy, Tay-Sachs,
Gancher disease, Niemann=Piek discase, Fucosidosis, Galactosialidosis, Gleboid-cell
feukodystrophy, Gay Gangliosidosts, G Ganghiosidosts, o-Mannosidosts, Metachromatic

leukodysirophy, Niemann-Pick AB disease and Pompe disease.



CA 03120639 2021-05-19

WO 2020/106825 PCT/US2019/062387

33,  The method of any one of clatms 29-32, whercin the subject is a pediatric subject,

34, The method of any one of claims 29-33, whersin the effective amount of compound

inhibits or prevents loxic substance aggregalion m ong or more cells of the subject.

35, The metherd of claim 34, wherein the one or pigre cells are bram cells, cells m ong oy

more peripheral tissues of the subject, or & combination thereof.
38, The methad of claam 35, wherein the brain cells are neurons andvor ghiat cells.

37, The method of any one of claims 29-36, wherein the effective amount 13 less than sbout

10 mg/kg.

38,  The method of any of clatms 29-37, further comprising administering a second

therapeutc agent or therapy to the subject.

39, The method of ¢latm 38, wherein the second therapeutic sgent or therapy is selevied from
the group consisting ofr enzyme replacement therapy, gene therapy, a hematopoetic stem cell

transplant and a small molecule.

T
]
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