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COMPOSITIONSAND M ETHODSORTREATING 
NEURODEGENERATIVE, MVYODEGENERATIVE, 

AND LYSOSOMAL STORAGE DISORDERS 

This application claiS priorty tn US. Pro isional Appl caion No. 6 )69 91, filed 

November2,2018,w hichisherey incrporated i its entire this referene.  

BACKGROUND 

degeneaivediseasesnclude genetic andspoadicdiso ders associated wth 

progressive nervous system dysfunction.Thsdsaeaehrceiebporsw 

deterioraionofne eCells or ner cell ut Son. I Whas een estimated that one of r 

Americanswilldevelop aneurodegeneratecondition intheirlifeimes, Genrllw ever 

theunderlyinqgnmechanisnmscausing thecondiions arnotwell1understood andewnfMcive 

treatmentoptions areavanilablefOr preventingor treatingnrdenrtydiass 

Lysosomal strage disorders representsome Wofthmost devastatigogntciess 

and the need todevelptherapies for these dsordersreai nslargelyunmet. Iany these 

diseases causedamnage tothe central nervous system(CNS), butthem Iechanismsudrynsc 

damage are argely unknown. Although the incidence oflysosoal storage disords is rare dess 

tbn about1:100,000indivdualis aced. lsosomnalsorage disorders a'1hctmostlychilden 

who often die at a young age any within a fe months o ears of bith May otherchidren 

dief Mo ingyearsofsu ffrnfrom a1 oaussm 0toThir paricu ar ysosoml stofag 

disorder, 

SUMMARY 

Provided herei a conposons andm tods for ea o T nting 

neuodegeneratv disease amyodegenatiedisease a pion disease ora lysosonal storage 

diseseiasubectProv ided herenare compoudshaving FormulaI 

I
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z 

y 

N 

where 

X is N orCH1 

Y is ar Junsubstituted or substituted with I; or Ca heteroaryl unsubsituted or 

substitutedwithh orN-methylpiperazinyl: 

R is -(CH-R o -(C2-C(O)-RIor)R2 

R2 is.-b,-CN. halogen,.C(malkyl, Co alkoxy. phenyl, pyridinylamino, C>i 

alkyl amino, di Ci alkyl amino hydroxyifCta~lkamino, caroxy C.alkyl amino, C> 

I cycloalkyl(alkylamino pyrrohidinyl hydrox pyrrolidinyl. ydroxylI C 

alkylpyrolidinyL carboxypyroidinyl. piperidinyl, C n alkylpiperidinyl, di C 1 alkyl 

piperidinyL piperazinyl, CQ akylpiperazinyl, C! aikoxycarbonylpiperazinyL or 

morpholinyl: 

Z is heteroaryl heterocycly Lor NRR4; 

R'and R4 are independently FL Ci akyl (alko or unsubstituted phenyl.  

and 

n isan integer selected froi 0 to 3 

or an isomer or phannaceutically acceptable salt thereof 

Also provided is method of treating or preventing a neurodegeneratiyedisease a 

myodegenerative disease or a prion disesein asu ject comprising administering to the subject 

withtheneurdegenerate disease, the myodegenerative diseaseor the prion disease or at risk 

for developing the neurodgenetivediseasethe myodegenerative disease o theprion disease 

aneffectiveamountofaconpoundhavingFormula I 
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z 

N 

wherein 

X is N orCH1 

Y is CaParlunsubstitutedorsubstitutedwithHR; or CsI heteroaryl unsubstituted or 

substitutedwith R ,orN-methylpiperaziny 

R is (CHz-R I-(CN 2R-C(O)- or ( R 

R H is-b-CN. halogen, C alkyL, C alkox. phenyl, pyridinyl aminoCi 

alkyl amino, dICi I alkyl amino h'droxyi Cy alk amino, carboxy C alIkyl amino, C 

e cycloalkyl C alkylamino, pyrroiIdiyl, hydroxy prrolidinyl, hydroxylI C 

alkylpyrolidinyl carloxyp 0roidinyl. piperidinyl, C1 -alkylpiperidinyl, di C alkyI 

piperidinyLpiperainyl,C1G alkylpiperazinl, C. aikoxycarbonylpiperazinyL or 

morpholinyl: 

Z is heteroaryl heterocycly , or NR.R 4; 

R' and R4 are independently FLC aikyl, C alkoy. or unsubstituted pheny L 

and 

nisan integer selected fromto3, 

or anisomer orpharmaceuticallyacceptablesalt thereof 

Also provided aremethods ofinhibtin or preventing toxic protein aggregation in a 

neuron Them ethods comrsecontacting th eneuron ith an effectieamotmofa cnpound 

having FormuaPi 

z 

N 
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wherein, 

X is N or CH; 

Y is C aryl unsubstituted or substituted with R; or C heteroaryl unsubstituted or 

substituted with R or N-methylpiperazinyl: 

R I isI-½R(CH2}-((O-R.or 0(CH2)rR 2 ; 

Rl is H, -CN, halogen, C s alkyL Calkoxy, phenyl pyridinyl, amino, Cii.  

alkyIamino,diC alkylamino, hydroxyl C l alkyl amino, carboxyC alkyl amino, C3 , 

scycioalky alkylamino, pyrolidinyl, hydroxyl pyrrolidinyl, hydroxvl C 

alkylpyroidiny, carboxypyroidyl piperidmiyl,C alkyipiperidinyl di C alkyl 

piperidinyl, piperazinyt C akypiperazinyt C( alkoxycarbonylpiperaziyor 

morpholinyl; 

Z is heteroar, heterocyclrNR 3T 

R and R4 are independently H, C alkyl,Cnalkoxy, orsubstittedphenyiL 

and 

is an ineger selectedfrom 0 to 3, 

or an isomer or pharnmaceutically acceptable salt thereof 

Also providedaremethodsof treatingorr eventingalysosonastorage disorder (L SD) 

in asubject The methods comprieadministerin to thesubecthaving he LSD orat risk of 

developing heL$D an effect e amount of ac pound hai ng Formula I 

yy 

N 

wherein, 

X is N or CH; 

Y is Cf aryl unsubstituted or substituted with R or C. heteroaryl unsubstituted or 

substituted with R or N-methylpiperazinyl; 
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R' is -(CH 2)n-R2, -(CH2)n-C(O)-R 2 , or -O(CH2)n-R2.  

R2 is -H, -CN, halogen, C1-3 alkyl, C 1-3 alkoxy, phenyl, pyridinyl, amino, C1-3 

alkyl amino, di C1 .3 alkyl amino, hydroxyl C 1-3 alkyl amino, carboxy C 1-3 alkyl amino, C3.  

6 cycloalkyl C1-3 alkylamino, pyrrolidinyl, hydroxyl pyrrolidinyl, hydroxyl C1-3 

alkylpyrolidinyl, carboxypyrolidinyl, piperidinyl, C 1 .3 alkylpiperidinyl, di C 1 .3 alkyl 

piperidinyl, piperazinyl, C 1 .3 alkylpiperazinyl, C 1.4 alkoxycarbonylpiperazinyl, or 

morpholinyl; 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C 1 .3 alkyl, C 1.3 alkoxy, or unsubstituted phenyl, 

and 

n is an integer selected from 0 to 3, 

or an isomer or pharmaceutically acceptable salt thereof.  

Also provided are compounds having the following formula: 

z 

y RF 

N 

wherein, 

X is CH; 

R' is -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C 1 .3 alkyl, C 1.3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

Also provided are methods 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 neurodegenerative disease, the myodegenerative disease or the prion disease 

an effective amount of a compound having the following formula: 

5 
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z 

X RF 

N 

wherein, 

X is CH; 

R' is -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H,C1 .3 alkyl,C1 .3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

Also provided are methods of inhibiting or preventing toxic protein aggregation in a 

neuron. The methods comprise contacting the neuron with an effective amount of a compound 

having the following formula: 
z 

X Ri 

N 

wherein, 

X is CH; 

R' is -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H,C1 .3 alkyl,C1 .3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

Also provided are methods of treating or preventing a lysosomal storage disorder 

(LSD) in a subject. The methods comprise administering to the subject having the LSD or at risk 

of developing the LSD an effective amount of a compound having the following formula: 
z 

X R1 

N 
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wherein, 

X is CH; 

R 1 is -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C1-3 alkyl, C1-3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

Also provided is the use of a compound having the following formula: 
z 

X R1 

N 

wherein, 

X is CH; 

R 1 is -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C1-3 alkyl, C1-3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating or 

preventing: 

• a neurodegenerative disease, a myodegenerative disease or a prion disease; or 

• toxic protein aggregation in a neuron; or 

• a lysosomal storage disease (LSD) 

in a subject in need thereof.  

Also provided is a compound having the formula: 

OH 
OMe 

NH &NH 

CN -S 
Me or Me 

or a pharmaceutically acceptable salt thereof.  

5b 
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Also provided are methods 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 neurodegenerative disease, the myodegenerative disease or the prion disease 

an effective amount of a compound having the following formula: 

OH 

OMe 

NH 
&NH 

SN 

Me or Me 

or a pharmaceutically acceptable salt thereof.  

Also provided are methods of treating or preventing a lysosomal storage disorder 

(LSD) in a subject. The methods comprise administering to the subject having the LSD or at risk 

of developing the LSD an effective amount of a compound having the following formula: 

OH 

OMe 

NH NH 

-

Me or Me 

or a pharmaceutically acceptable salt thereof.  

Also provided herein is the use of a compound having the following formula: 

OH 

OMe 

NH NH 

CN 

Me or Me 

5c 
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or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating or 

preventing: 

• a neurodegenerative disease, a myodegenerative disease or a prion disease; or 

• a lysosomal storage disease (LSD) 

in a subject in need thereof.  

DESCRIPTION OF THE FIGURES 

The present application includes the following figures. The figures are intended to 

illustrate certain embodiments and/or features of the compositions and methods, 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 written description expressly indicates that 

such is the case.  

Fig. 1 (left panel and middle panel) shows that, after 16 hours of treatment, 

neuroprotective effects were observed in B35 cells treated with of 1 M BK41043, as evidenced 

by the decrease in lactate dehydrogenase (LDH) and the increase in (3-[4,5-dimethylthiazol-2

yl]-2,5-diphenyl- tetrazolium bromide (MTT), respectively, as compared to control. Fig. 1 (right 

panel) shows that, after five hours of treatment, there was a stepwise increase in cell viability via 

decrease in LDH with decreasing concentrations of BK40143.  

Fig. 2 shows cell viability of B35 cells after 24 hour transfection with pTau (left panel) or 

a-synuclein (right panel) and five hours of treatment with BK41043. Dehydrogenase (LDH) 

measured in the media, reflecting cell death, is not different between control and cells expressing 

tau or a-synuclein, with or without BK40143, indicating that this compound does not result in 

toxicity or cell death.  

5d 
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Fig. 3 shows the level of pTau (181) after 24 hour transfection (left panel, students est: 

unpaired, two-tailed, *p<O5,***p<,0) and that K41043 reduces pTau (181) levels inp Tau 

transfected B35 cells (right panel, n=6, ANOVA: ordinary. one-wayDuett's multiple 

comparisonstest, p<.05, ****p<0,0001).  

Fig. 4 shows the level of -symclein after 24 hour transfection (left panel), and that 

BK41043 reduces a-synucleinna-synuclein-transfected 1335 ells (right panel). Studentst-test: 

unpaired, two-tailed, *p<0.05, p<.0. n=6). Doses of BK40143 ranging from uM-mM 

appear to reduce the level of apha-synucleininthis cellculturemodel 

Fig. 5 shows cell viability of B35 cellsafter fivehours oftreatmentwith BK4097 

Fig. 6 shows that BK40143 reduces pTau (181) inTau expressing transgenic mice, after 

seven daysof treatment.The levels of pTau(181) weremCasured via E LISA. Students t-test: 

unpaired,two-tailed Welch'scorrection, *<(J,0 ***p0.,0( 

Fig, 7 shows that treatmentwh BK-40143 (.25 mg kg, 2.5 mgg or 5.0 mg kg) did not 

affect the levels of pTau (231) (AT!80) in rTG45 Itransgenic mice (n=4) using Western blot 

analysis, 

Fig. 8 shows that Tau (HT7) was signicantly reduced in Tan transgencmic after seven 

days of treatment ith 1-(41043, at 125 g kg and 2.5 mg g. Studems -test: unpaired,two

tailed, Welch's correction,*pI.05, **p<0,01 n=4 

Fg. 9 showsthat treatment with 140143 (1.25 mgkg or2.5 mgkg)resutsi in vivo 

whibition of DDR as measuredbydetection ofphosphorylated active ) DDRI (pMCK0).  

This data indicate that BK40143 potently inhibitsDDR in vimv 

Fig. 10 showsa;that pTau (11) was reduced in CamP3L mice after treatment with 2.5 

mg/kg or 5 mgykg BK-40143. Student'st-est: unpairedWelch'scorrection, Itailed. *p>0.05.  

p=0.0 2 , n4, 

Fig, A sho that i mM and iC0uM or BK40196 sgnificantlyreduced thele el of 

alpha-synuclein intransfected B35 cells.  

ie 11 B show s that 1K4017 doesnotsignificantly reducealpha-synucleinlevelsin 

transfected B35 cell, 

igs. 12A-D shows that BK40143 significantly reducesalpha-synucleinin A53Tmice 

Male and female 12-month old A53T mice were treated ip. with 2.5mg kg of BK40143 for 21 

consecutive days Fig 12Ais an ELSA for human alpha-synuclein show a significant 39% 

6
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reduction I the le el of alpha-snuclein BK40143treated animals comparedto MSO treated 

control A53T mice. C57BL'6J micew ereused as controls and show no detectable (N,D) human 

alpha-synuclein. Fig. I2B show s that BK40143 Icreases theo erall le el of dopamine 30%.  

BK40143 didincrease the le el of the dopanine metaboite, homo anillic acid (HVA in A53T 

mice dicatingmore dopamineturnover w eh imay result better dopami eneurotransission 

Figs20, 1 and 12D areimmunoblots foraipha-synuclein whihmirrored the 40% reduction in 

alpha-synucleinseen in thei ElSA.  

Fig. 13 shows that BK40143 improvesvelocity of locomotion in A3Tmice A53T mice 

w ere tested on the open ieldltest for overall locomotor ability over a 60-minute trial. Alhough 

the mice did not show any differenceinthe totaldistancetra yelled ortotal time spent moving.  

the velocity oftheirmovements significantlyincreasedwith BK40143treatment 

Figs. 14A-E showthat BK40143 selectivelydeavatesDDRs about 50%) but not Src or 

Abi and reducesphosphorylated tan in the rTG45l0 tauopathy mousemodet Male andfemale, 

3-month-old rTG4530 mice weretreated i,p. with 125mgkg, 2.5mg kg.or 5mgg of B40143 

or DMSO for7 consecutedays.Fig. 14A., an immunoblot probing fir activated 

(phosphorylated) DDR demonstratesthat1.25 and 5 but not 5 mg g of1 BK40143 deactv acted 

DDR1. Fig, 14B.,an immunoblot probing foracti atedSrdemonstrates that11 B40143 did not 

engage is tyrosinekinase. Fig.14, an imnunoblo probingfor active atedAbdemonstrates 

thatBK4143 did nor engage this tyrosie LIase. Fig, 14D. an imIunoblot probing for 

phosphorlated Tau( ATS shows that all three doses of BK40143 reduced the levels of 

phosphorylated tau by 41-49% percent in the same mice, indicatingthat DDR inhibion is 

concurrent with pTau reductionFig.i 14 is an LSA for phosphory late Ta ATI81) show 

that 25mgkgofBK40143 significalyreduced phosphorylated Ta 

Figs, 1SA-F show that BK40143 significantly reduces amy loid, phosphorylated tau, and 

deactivatesDDR 1 inransgenic APP mice, Male and female,7-month-oldAPPmice w ere 

treated. w ith 1.25 and2.5mg kg ofK40143 or DMS()for 21 consecutive e days Fig.1SAis 

an inmunoblot for aggregatng extracelluIar amyloid-beta (6FIt) which demonstrates that 1.25 

and 2,5mg kgof BK40143 sinificantlyreduced am loid-betaplaques. Fig3, B is an 

immunoblot probing r phosphory latedDDR1 which demonstrates that 1,25and25mgkg of 

B1K40143 deactivated DDR by 40%and31.respectiv elyFig. 15C, probing for acti ated 

(phosphory lated AbI (245). demonstrates that BK40143 did not engage Ab. Figs. 15D and 15E 

7
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1,25 and 2.5mg kg BK40143 respect ely, significantly reduced soluble human amyloidbeta va 

ELA but did notsignificantly reduce the insoluble amyloid-bea. Fig. 1Fshow that 

2,5mg.kg of BK40143 significantly reduced human phosphory lasted tau (er396) by over 801.  

Fig 16 show s that BK40143 could improve performance on Morns Water Maze testfor 

cognition m APP mice, Measurements melude the numberofplatformentnes (left panel ) the 

latency to the first entry (middle panel) and the distance travelled beforetheir rst entry right 

panel) to the platform. Although there was no significant difference betweengroups,125mgkg 

of BK showed a trend forincreased performance with higher numbers of platform entries, and a 

lower latency-to first entry and lower distance tra yelled before the first entry.  

fig. 1? shows thatBK401 43 does not cause cell death in the hippocampus ofAPP mice 

Representative 20umhippocampal sections w ere stained for nisssubstance eftpanel), 4x and 

20x images for DMSO. I 25mg kg. and 2.5mg kg of BK40i43 are shown (left panel) Mean 

staingintensity was quantifed in imagej software as the total amount of nissi staining in all 4x 

images (right panel).  

DETAILED DESCRIPTION 

Provided herein are composhions and methods Ortreating or peenting a 

neurodegenerative disease, a inyodegenemative disease a prion disease or a lysosomal storage 

disease in a subect.  

Compounds 

In some examples, a class of compounds desrbed here includes compounds 

represented by Formula 1: 

7 

N 

or an isomer orphannaceutically acceptable salt thereof 

In Formla I X is N or CH.  

8
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Also, in Form Na , Y is1 a aryl unsubstituted or substituted with R;or( C1 o 

heteroaryl unsubstinted or substituted with R, or N-methylpiperazinyl; 

Also, in Formula , R' is-CR,0C2) C(O)R2 or O(CHFYR2 ; 

Addionaly, in Formula 1, R 2 is -- CN, halogen,Calkyl C 3akoxy, phenyi 

pyidinyl, amino, C alkyl amino, di CO alkyl amino, hydroxylCalkylamo,carboxy C 

alkyl aminoCcycloalkyl Cakyamino, pyrrohdiyL hydroxyl pyrrolidinyl, hydroxyl Ct 

alkylpyrolidinycarboxypyr)idinylpiperidinyt C(: alkylpiperidinyl di Calkyl piperidinyl, 

piperazinyl, Caikylpiperazinyl, akoxycarbonylpiperazinyl. or morpholinyl; 

Z is heteroaryl,heterocyclyl, orNR3 R4; 

Also in Formula R and R4 are independently selected om i, CQ alkl, C Oalkoxy 

or unsubstited phenyl. and nis an inte selected from 0 to 3.  

In some examples of FormulaI, Y is benzyl substituted with R: 

z 

N 

In some examples of Formula Y is beny substituted with R in the nieta position: 

N 

In some examples of Formula 1 Z is NRR R is benzyl or Riis benzyl or and Y 

is benzyl substituted with R: 

9
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I some examples of FormulaI. Z is NIR", R Ris benzy or.R is benzyl orH, and Y 

is benzyl substituted with R in (he meta position: 

NH 

In some examples of Formula I, Z is morpholinyl and Y is benzyl substituted with R: 

0 

N 

N 

In some examples of Formula 1, Z is morpholinyl and Y is benzyl substituted with R in 

the meta position: 

10
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N 

N 

NR 

A compound of FormulaI s Compound 1(B3K40197): 

CH, 

4(2-PMdoth eno 3,Z-it]pyridn-7y1)morpholine 

Another compound of Formula I is Compound 2 (BK40193): 

NH 

In someexamples ofFormula1 the compound does not compriseone ormore halogen 

a&oms. In someexamples of Formula Yis2n-tluyLInsomeexamplesofFomula Z is 

heterocyclyl.Insome examples of Formula L Zis morpholin-yL Insomeexamplesof 

FonnulaI 1, Ris Lind R 4 is unsubstituted phenyL 

11
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As used herein, the terms alkyl, alkenyl, and alkynl include straight- and branched-chain 

monovalent substituents. Examplesinclude methyl ethyl, isobutyl,.3-butynyl and the like.  

Rangesof thesegroups useful with theompounds and methods describedherein include CC 

alkyl,.C2-(alkenyl and(C>Cmalkynyl. Additional ranges of these groups useful with the 

compounds and methods described herein includewC alkylCCalkenyi, CrCalkyny 

C1>-C alkyl.C~ealkenylC-Ce alkynylCb-C alkyl,(½Cs~aalkenl, and CCAalknyt.  

The term alkoxy as used herein is an alkyl group boundthrough a single, terminal ether 

inkageThe ter hydroxy as usedherein is represented bytheformula -H, 

The termsamineor amino as usedherein are representedbye formula -NR'RI where 

R 3 and R can each be substitutiongroup as described herein, such as hydrogenan alkyl a 

cycloalkya halogenated alkyl alkenyt or alkynyl group describedabove.  

The alkoxy, amino, alkyl alkeny alkynyl, or carbon moleculesusedherein can be 

substituted orunsubstituted.Asusedherein,thetermsubstitutedincludestheadditionofan 

alkoxv, ainoi, akyl,alkenyl, alkyni, or carbon group to a position attached to the mainchain 

ofthe alkoxy ainoalkyl, alkenylalkynyl, or carbonyl, e.g.,thereplacementofa hydrogen by 

one of these molecules.Examplesofsubstitution groups include, but are not lmitedto, hydroxy, 

halogen (e,g, F, Br,. Lor I, and carboxyl groups. Conversely, abused herein the term 

unsubstitutedindicates the alkoxy. aminoalkylalkenyl, alkynyl. or carbonyl has a full 

complement of hydrogens, i.e,,commensurate with its saturation level, with no substitutions.  

e.g.,linear decane(-CH 2 ) CH A 

Heteroalkyl, heteroalkenyland heteroalkynyl are definedsimilarly as alkyl, alkenyl, and 

alkynyl bt can containO S, or N heteroatomsor combinations thereofwithebackbone.  

Ranges of these groups useful with the compounds and methods described herein include C-Co 

heteroalkylC-Cm heteroalkenyt andCC2 o heteroalkyny .Additional ranges of these groups 

usefulwiththcompoundsandmethodsdescribed herein include C h1 2 hetercalky C-C'7 

heteroalkenylCr-Caheteroalkynyl.CC heteralkyl CCr heteroalkenyl Cr, 

heteroalkynyl, C -C heteroalkyl C(b- heteroalkenyl, andC-C heteroaikynyL 

The terms cycloalky L cycloalkenyland ccloalkynyl include cyclic akyl groups having 

asingl cyclicringormuliple ondensedrings, Examples include cyclohexy4, cyclopentylethyl 

and adamanmnyl Ranges of these groupsusefwiththcompounds andmethodsdescribed 

herein include C-C2o cycloalkylC-Cm cycloalkenyl,and CrCao cycloalkynyl. Additional 
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ranges of these groupstusefailvith the compounds and methodsdescribed herein include CsC 

cycloalkyt(Cycl eyeoalkenylCs, - cyclolkynytC ca cy coalky 1(C. cycloalkeny Land 

(>C cycloalkynyl.  

The tensheterocycloalkyl,eterocycloalkenyL and -hetercycloalkynylare defamed 

similarly as cycloalkyl,ycloalkenyand y cloalkylbutcancontam 0, S. or Nheteroatoms 

or combinations thereof within theceyclicbackbone.Ranges of these groups useful with the 

compounds and methods describedhereinincludeC-C heeycloalkLC-C2 0 

heterocvloalkenyl, and C20heterocycloalkynyl Additional ranges of these groupsuseful 

w ith the compounds and methods described hereinincludeC-C>heterocycloalkyL.Cs 

heterocycioalkenyl, CiC1:heterocycloalkyny l,(>C~heterocycloalkylC-C 

heterocycloalkenyl and C- 1heterocycloalkynvl.  

Aryln olecules include, for example,y lic hydrocarbonsthatincorporate one or more 

planar sets of,typically,sixcarbon atoms that reconnected by delocalized electronsnumbering 

the same asif theyconsistedofaltenaingsingleand double covalent bonds. An example of an 

aryl molecule is benzene. Heteroarylmolecules include substitutions alongtheir mainyelc 

chainof atoms such as0N. or S. When heterotoms reintroduced, a set office atomse.g.  

ur carbonand a heteroatom, cancreateanaromaticsystemExamplesofheteroarylmolecules 

include furan, pyrrolethiophene, imadazolexazole pyridme, and pyrazine. Arl and 

heteroaryl moleclescan also include additional fused rings, for example, benzofuran, indole, 

benzothiophenenaphthalene,anthraceneand quinoine. Thearyl andheteroarl molecules can 

be attached at any position on the ring,unless otherw ise noted.  

Optionally,thecompounds haung FormulaI aretyrosinekinase inhibitors that inhibit 

one or more receptor tyrosine kinases selectedfromthe group consistingofAbtPDGFRu, 

PDGFR DDR 1, DDR, cKT, arginaseII, SrFy. VEGFR and Zac.n some examples the 

compound hai mg Formula I selectively inhibitsAh, PDFRa PDGFR[L DDR DDR2, CKIT 

arinaseIL Sr Fn orVIGR or Zac, in some examples the compound hang Formulai 

inhibits DDR 1andtorDDR2.  

A used herein, the term pharmaceutical acceptable salt refers to those salts whicb are, 

within the scope of soundmedical judgment suitableforuseincontactw ith the tissues of 

humans andlower animals withoutundue toxicity, imitation, allergicresponse and the ke, and 

are commensurate:w ith a reasonable benefit/risk ratio, Pharmaceutically acceptable salts are 
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well known in the an. Pharmaceutically acceptable salts of the compounds provided herein, for 

exampnle,pharmaceuticallyacceptable salts of nilotinib, bosutinib pazopanib and a compound of 

Formua L include those derived from suitable inorganic and organic acids and bases. Examples 

of pharmaceutically acceptable, nomoxicacid addition salts are salts ofan amino group formed 

with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric acid,sulfuric acid 

and perchloric acid or with organicacids such as aceticacid, oxalic acid, maleic acid,tartaric 

acid, citric acid. succinic acid or malonic acid or by using other methods used in the art such as 

ion exchange. Other pharmaceutically acceptablesalts include adipate, alinate, ascorbate, 

aspartate, benizenesulfonate, benzoate. bisulfate.borate, butyrate, camphorate, camphorsulfonate, 

citrate, cycopentanepropionate, digluconate,dodecylsulfate,ethanonate,nate, formate, fumarate, 

glucobeptonate, glyceropbosphate, gluconate, hemisulfate, heptanoate hexanoate,hydroiodide, 

2-hydroxy-ethanesulfonate, lactobionate, lactate, laureate, lauryl sulfate, nialate. maeate, 

malonate. methanesulfonate, 2-naphthalenesulfonale, nicotine, nitrate. oeate, oxalate, 

pahitate, pamoate, pectinate, persulfate,.3-phenylpropionate phosphate,pivalate, propionate, 

stearate, succinate, sulfate, tartrate. thiocyanate, poluenesulfonate,trifluoroaceticacid, 

undecanoate,valerate salts, and the like.  

The compounds described herein can be prepared in a variety ofways. The compounds can 

be synthesized using various synthetic methods, including those provided in theExamples. At 

least some of these methods are known in the art of synthetic organic chemistry. The compounds 

described herein can be prepared from readily available starting materials.Optinum reaction 

conditions can vary with the particular reactants or solvent used, but such conditions can be 

determined by one skilled in the art by routine optimization procedures, 

Variations on Formula Iinclude the addition, subtraction, or movement of the various 

constituents as described for eachcompound Similarly, when one or more chiral centers are 

present in a molecule, all possible chiral variants are included, Additionally, compound 

synthesiscan involve the protectionanddeprotection of various chemical groups Theuse of 

protection and deprotection, and the selection of appropriate protecting groupscanbedetermined 

by one skilled in the arL The chemistry of protecting groups can be found, for example, in Wuts 

Greene's Protective Groups in Organic Synthesis, 5th, Ed, Wiley& Sons,2014, which is 

incorporated herein by referencein its enrety.  

14



WO 2020/106825 PCT/US2019/062387 

Reactions to produce the compounds described herein can be carried outin sovens.  

,which can be selected by one ofskdl i the art of organic synthesis. Solvents can be 

substantially nonreact e ith the starting materials reactants) the ntermediates, or products 

under the conditions at which the reactions are carried out, i.e temperature and pressure, 

Reactions can be cared out m one sols ent or a mature ofimore than one so ent. Product or 

intermediate formation can be monitored according to any suitable method know n in the art. For 

example, produce formation canbe monitored by spectroscopicmeans, such as nuclear magneic 

resonance speciscoy e.g.H or C ) infrared spectroscopy. spectrophotometry (e.g. UV

v isible) or massspectrometry, or bychromatography such as high perbrnmnce liquid 

chromatography (HPLO) or thin layer chromatography.  

Any of the compounds described herein can be modified to enhance blood-brain barrier 

permeability Optionally, oneor moreof the compounds described here can be admistered 

w than agent thatenhances theblood brain barrierpermohecompoundis) 

Methods forTreating or Prevendng Nerodegenerative Diseases, Myodegenerative 

Diseases or Prion Diseases 

Provided heren ariethods ofreating or eventinganeurodegenerative disease.a 

myodegenerativedieeorapondeae.The rrative disease or disordercna be a 

neurodegeneratiedisease ofthe centralnervousystem These include but are not limited to, 

amyotophiclateral sclerosis, Alzheiner's dsase frontotemporal dementia TDP43 

pathologiesincludingfronotenporal demenia wih TDP-43,'fr-ontoteinlporal demelnia'linke d to 

chromosome-I7, antyoidosis. Picks diease,Uuntington" diseasemild cognitiveimpairment, 

anx synucleinopathy (eg. Parkinsonsdiseaseew bodydisease nuliple sclerosislial 

Cytoplasmic Inclusions, ielding m ip e system atroph chronic traumatencephalopathies, 

a auopaty, progreSsive uprancear palsy, and COrticobasaIdegeneration e 

neurodegenerativedisease can also beasecondary neurodegenerative disease inuced by a 

traumatic haininjuryostoke or an infection for example, a bacterial or a ra infection eg 

HI, Herpes implexvirus (SV)).  

Myodegenerat ed sesesor disordersinclude but are not limped o a dystrophy f 

example. muscuar dystrophy)anmyopath for example nemaline myopathynmitnrincor 
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myopathy centronuclear nyopathymitochondrnal iyopathymetaboicmyopathy, et.) or 

myotonia fr exampe myotonia congenita, pranotonia congenital or myotonic dystrophy).  

Prion diseases or disorders include but are not limited to Creutzfeld-Jakob Disease 

Variant CreutzfekdiakobDiseaseI erstmanntrausslercheinker SyndromeFatal Famlia 

Insomnia Kuru Bovine Spongiform EncephalopathyChroni Wasting disease and Srapeto 

name a ew 

Themethods comprise administering to the subject with the neurodegenerati disease, 

nyodegenerative disease or prion disease o risk developing theneu degenerative diese 

the modegenerativedisease or the prondisease an effectiveamunt of a compound having 

Formulaii 

2 

xN 

wherein, 

X is N or CH: 

Y is C aryl unsubstiruted or substituted with R or Caheteroaryl unsubstituted or 

substituted with R or Nmethylpiperazinyl: 

R is 4CH)RuI CH2)C(O-R2 or -O(CHs) R; 

R ais-, -CN, halogenC alkcyl,GCaalkoxy. peny,pyridinyl. amino, Cit 

alkyl amino, di Ci alkyl amino, hydroxyl C alkyl amino, carboxy Calkyl aminoC 

S(cycloaky[i alkylamino, pyrrolidinyt hydroxyl pyrrolidiyl hydroxyl C13 

alkylpyrolidiny carboxypyrolidinyl, piperidiny C1 .:3 alkylpiperidinyl, diC akyl 

piperidiny1, piperaizin kjp inyC alkoxycarbperazineraziny, or 

morpholinyl; 

Z is heteroary, heteracyclyl, or NR3R 

R and R4 are independently 1,Ca akyl, C.akoxy, orunsbstitutedpheny 

and 

n is aninteger selected from 0 to 3, 
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oranion r ierpharmaceutically acceptabesat thereof.  

In some medods, the compound having Forn la 1 does not co riseone or more 

halogen atoms in some methods Yis 2 oluyl in the compound having Formula 1In some 

methods, Z is heterocyclj Iin the compound having Formua 1, In some methodsZ is 

morpholin- I in the compound having Formula in somemethods, R is 1iad It is 

uisubstituted phenyl in the compound having Formula I 

insome methods, oipound havingFormula vhereinYs enyl substituted w th 1 

isadministed to thesubject: 

z 

N 

In sonicm ethods a compound having Formla wherein Y is benzyI substituted With R` 

in the meta position, is administered to the subject: 

z 

x 

In some methods, a compound having Formula i, wherein Z is NR-3R- R is benzyl or H., 

R issbenzylorH,andYisbenylsubstituted with R s administered to the subject: 
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in some methods a compound of Formula , wherein Z is NR Ris beny orH R is 

benz or H, and Yis benzyl substituted wh R n the mea posion, is administered o the 

sabect: 

NH 

xR 

In some methods, a compound of Formula [ herein Z is morpholiyl and Y is benzyl 

substituted with is administered to the subject: 

0 

In some methods, a compound of Formula I, wherein Z is morpholinyl and Y is benzyl 

substituted with in the meta position is administered to thesubject: 

X
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Examples of Formula 1 that can bused in any of the methods described herein include 

the following compounds: 

N 

GHsi Compound I (BK40197) 

Compound 2 (BK40143) 

The methods provided herein optional include selectingasubject wi h a 

neurodegenerative disease, a myodegenerative disease orapondisease oratriskfordevelopi 

aneurodegenerative disease, a nyodegenerai e diseaseorapriodiseaseOne of skillintheart 

kn how todgnoseasubject with or at sk ofde elopinganeurodegenerati e disease 

myodegeeratiedisease or a prio disease For example,oneor more ofthe ollow tests canbe 

used; a genetic test (eg.identificationofa mutation MTDP-43 gene)or familialanaly sis(e..  

family history),cenralnervoussystem imaging (e.g.magnetic resonanceimaging andpositron 

emission tomography) electroencephalographclical orbehavioraltests(e.g.assessmentsof 

muscle weakness,tremor, gait, or memory k or laboratorytests 

The method optionally further iludes admiisterimg a secondtherapeutic agent to the 

subject. The second therapeutiecagent is selected from the group consisting of levadopa. a 

dopamine agonist, an anticholinergic agent, a cholinergic agent (e.g., 5hydroxytryptamine (5~ 
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HT) inhbiors amonoamine oxidase inhibitor a COM iinhibitor donepezI memanme 

risperidoneanantadinev astigmine, an NMDA antagonis an acetholinesterase inhibitor a 

cholinesteraseinhibit oriluzoe. an antbpsychoc agent, an antidepressant a glucocorticoid(for 

example prednisone a tyosine kinase inhAitor eg, nilotini; bosutinibimatinib pazopanib 

etc.) and tetrabe'nazine. Thesecond therapeutic agent or therapy can be administered to the 

subject prior to. sinmanneo y with. or subsequent to adinistrationofthe pound having 

formla I 

In the methods where a tyrosine kinase inhibitor is administered as a second therapeutic 

agent the trosine kinase inhibitor can be a tyrosine kinase inhibitor that does not inhibit a 

tyrosne kinaserecepto that is inhibited by the compound of Formula I or has decreased 

selectivity for a tyrosine kinase receptor asc ompared o aoipoundfFormua I.  

Also provided herein is a method ofinhibiting preventing toxic protein aggregation in 

a neon and or rescuing a neuon from degeneration As used herein, rferences to inhibiting

decreasing or reducig nhde a change of 10 20% 30%, 40%, 50% 60% 0% 80, 90% or 

greater as compared to a controlev 

The method incuhides ontacting the neuon within effectiveamount ofaompound of 

Formula LOptionally the compound having Formula Iis Compound 1or Compound The 

toxic protein aggregateoptionally comprises oneoroe ofan aInmyloidoge nicprotein alpha

synucdeintau. orTD-43.By anloidogenic proin is eant apeptidepolypeptide or protein 

thathas the abilityto aggregate An example of an amyloidogenicproteiisanmy oid.The 
contacting is permed inor invitro. The in vivo method is usefl in treating a subject wih 

or at riskf developing oxiprotein aggregates and comprises administerng the compound of 

Formula Ito hesubject described below The in vitro method is useful, for exanple, i 

treatingneural cellspriortotransplantation such case, the compound of FormulaI s 

generaly added to a culture medium. Optionally, the target neurons are contacted with a second 

therapetic agent as described above 

Methods for Treating or Preventing Lysosonma Storage Disorders 

Also provided aremethods for treating or preventing a LSD in a subject. The methods 

comprise administering to the subject with the LSD or at isk of developing the LSD an effective 

amount of a compound having Formula I: 
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z 

y 

N 

where, 

X is N or 21J; 

Y is C J aryunsubstituted or substituted with I; or CA heteroaryl unsubsituted or 

substitutedwithh orN-methylpiperazinyl; 

R is -CH t-R&-(CN2-C(O)-RQ or 

R2 is-H, -CN. halogen.C(malkyl, Co alkox. phenyl, pyridinylamino Cmi 

alkyl aminodi Ci alkyl amino, hydroxyl C>3 alkyl amino, carboxy C1.alikyl amino, C> 

I cycloalkyl(alkylamino. pyrroidinyl hydroxl prrolidinyl.hydroxyl C 

alkylpyrolidinyL carboxypyrolidinyl. piperidinyl, C n alkylpiperidinyl, di C 1 alkyl 

piperidinyL piperazinyl, C alkylpiperazinyL C!. aikoxycarbonylpiperazinyL or 

morpholinyl: 

Z is heteroaryl heterocycly Lor NRR4; 

R'and R4 areindependently , C! alkyL ( alkoxy or unsubstituted phenyl.  

and 

n is an teger selected fiomi 0 to 3 

or an isomer or pharnaceutically acceptablesaltthereof.  

In some methods, the compound hav ing Formula I does not comprise one or more 

halogenatoms. in some methods, Y is 2-m-tounl i the compound havmg Formula L In some 

methodsZ isheterocyciyl in the compound hang Formula 1 in soemethods, Z is morphohn

I-y in the compound ha ingornla Insomemethods, is H andR' is unsubstituted 

phenyI in the compound haig Formula 1.  

In somemethods, a compound having Formula wherein Y is benzyl substituted with R 

isadmnistered tothe subect: 
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X~ R" 

N 

hisome methods compound having Formula I, wherein Y is benzysubstituted with R 

in the meta position, is administered to the subject: 

in some methods.a compound having Formula 1, where Z is NR'R iRis benzy ior 1-1, 

R4 is1ben1 or1,and YisbenylsubstitutedwithRi admistered to the subject

N2 
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In some methods a compound ofFormula 1, hereinZ isNR R R is benuyi orH, is 

benzyl or H and Yis benzyl substitutedwithi R theme position, is administered to th 

sabect: 

NIH 

R1 

In some methods, a compound of Formula [ herein Z is morpholinyl and Y is benzyl 

substituted with R is administered to the subject 

(0 

N 

I somemethods, a compound of Formula I, wherein Ismopholinyl and Yis benzyl 

substituted with Rin the meta position is administered to thesubject: 

0 

N 
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Examples of Formula I that can bused to treat or preventLSD include the following 

compounds: 

N 

CH1 Compound1i 

NH 

CH, ompound 2 

Optionally, th compound of FormulaIinhibts one or more receptor tyrosmekmases 

selectedfrom thegroup constg oAblPDGFRa, PDGFRF DDR 1, DDR2,eKIT, argmase 

11 Sr, Fyn. VEG FR and Zac.,some examples,the compoundof FormulaIseectiely 

inhibits A, PDGFRPDGFR DDR 1, DDR2, eKIT, argIaseI Sre Fyn or VEG&R or Zac, 

in sonic examples, the compound aing FormiLa inhbitsDRI nd or DD2, For example, 

and not tobeimiting Compound I or Compound 2 canbeused to hibit DDR Iand or DDR2, 

inanotherexample, thecompound ha mg Fonnula 1, example.Compound 1 or Compound2 

selectively mhibits DDR 1 or DDR2.  

LSDs aremnherited metabolic disorders that result from defectsin lysosomal function, in 

the majority of casesLSDs are causedby adeiciencyofspecificenzymesresponsiblefor 

degradation of lipids and gly coproteinspresentimnly sosonmes insome cases, defecinvenon

enzymatic lysosomal proteins or non-lysosonmal proteins involved in lysosomal biogenesis cause 
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LSDs The progressive lysosomalaccumulationof undegraded metabolites results in 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 limited to, 

MucopolysaccharidosisTypeI (fr example, Hurler syndrome, HurerSchee syndrome and 

Scheie syndrome), Mucopolysacharidosis TypeI(for example. Huntersyndrome), 

Mucopolysaccharidosis Type M (forexampe, Sanfillipo syndrome A,Snfiliposyndrome, 

Sanfillipo syndromeC and Sanfllipo syndrome DMucopolysaceharidosis Type (for 

example. Morquio syndromeAand lorquiosyndromeB),Mucopolysaceharidosis TypeVI (r 

example, Maroteaux-Lamysyndrome),ucopolysaccharidosisType VII (forexample,Sly 

syndrome) Mucopolysaceharidosis Type IX (for example,Natowiczsyndrome),Pseudo-Hurler 

polydystrophy,Tay-Sachs, Gaucher diseaseNiemann-Pickdisease,Fucosidosis, 

Galactiosilosis, Globoid-cel leukodystrophy, G Gangliosidosis, G Gangliosidosis, 

Mannosidosis Metachromaticleukodystrophy and Pompe disease. The LSDs provided herein 

are exariples ofdiseases or disorders associated with decreased lysosomal clearance.  

Alsoprovided are methods of promoting lysosomal clearance in one or morecells of a 

subjectcomprisingadministering to the subject that has a disorder associated with decreased 

lysosomalclearance an effective amount of a compound having Formula L . Optionally, the 

compound having Formla I is Compound I or Compound 2. As usedthroughoutlysosomal 

clearance is a process by which accumulating lipids, proteins, glycoproteins or a combination 

thereof are metabolizedor degraded in the lysosome of one or more cells in the subject.A 

decrease in lysosomal clearance means a decrease in degradation of lipids, proteins and/or 

glycoproteins in the lysosome ofone or more cells ofthe subject as compared to a control, for 

example as compared to lysosomalclearance in one or more cells ofa healthy subject. Any 

disorder associated with decreased lysosomal clearance can betreted using themethods 

provided herein, including, but limited to, any of the LSDsset forththroughout. As used herein, 

references to promoting or increasing Mnclude a change of 10%, 20%, 30%, 40%, 50%, 60%, 

70%,80%, 90%100%, 200%, 400% or greater as compared to a control level, Optionally, 

promoting lysosomal clearane decreases the amount of a lipid, a protein, a lycoproeinora 

combination thereof in exisinaggregates in the lysosome of one or more cells ina subject 

Optionally, promotmglysosomalclearanceinhibits or preventsformationofaggregates 

comprising a lipid, a protein, a glycoprotein or a combination thereof in ithe lysosome of one or 
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morecells in a subject, Optionally, promotglysosomal clarancedecreases the amount of time 

required to degrade or metabolize lipid,aprotein,aglycoprotein ora combinationthereofin 

oneor more cells ofthe subject as compared to a control.  

Optionally, in themethodsprovided herein, theeffective amount of a compound having 

Formula Iinhibits or prevents toxic substance aggregation or accumulation in one Ormore cells 

of the subject as compared toa comrol As used herein,references to decreasing,reducing, or 

inhibiting included change of 10% 20%30%40%,0%, 60%, 70%80 90% orgreateras 

compared to a control levelSuch mIs include, but do necessarily co le 

eliminationofthe toxic substance none or mor cellsof the subjectOptionally, the one or 

more cells arebrain cells,cells in one or more peripheraltissuesof the subject,or a combination 

thereofOptionally, the braincells can be neurons and/or glialcells, In the methods provided 

herein, a toxic substance that can aggregate oraccumulate in cells can be one or more of a lipid 

protein or a gIycoprotein, The toxic substance(s)can increase celldamage and/or increasecell 

death in one or more cells ofthe subject.In the methods provided herein,the toxic substances) 

canbe in the lysosome or elsewhere in one ormorcells ofthe subjectFor example, and notto 

be limitingLSDs characterized by an accumulationoflipids in the cells ofa subject include, but 

are not l e si lipidoses (including Gaucher's and Niemann-Pickdiseases), 

gangliosidosis (including Tay-Sachs disease).leukodystrophies;Tmucopolvsaccharidoses 

(includingHunter syndrome and Hurler disease), glycoprotein storage disorders, mucolipidoses, 

and glycogen storage disease typeII(Poinpe disease).  

Lipidsandglycoproteinsthat accumulate in sphingolipidoses includesphingonelinin 

brain andred blood cells(Nienian Pick Disease)glycoplipids,including ceramide trihexosidein 

brain heart and kindey(Fabrydisease);galactocerebrosideinoligondendroctes(Krabbe 

disease); glucocerebrosides in red blood cells, spleenand liver (aucherdisease);GM2 

gangliosidesinneurons(Tay-Sachsdisease)andSandholTdisease;GMI gangliosides; and 

sulfatidecompounds in neuraltissue (metachroaticleukodystrophy), 

Lysosomalstoragediseasesalso include mucopolysaccharidoses(MP) that have a 

deficiency in one or more lysosomal enzymes, for example, -L-idronidateI(Hurler disease, 

Scheie syndrome and Hurler Schei syndrome ; iduronate sulphate hunterdisease)heparansulfate 

(Sanfilipo typeA), N-acetyl-o-D-glucosamine (Sanilipo typeB, CoA-glucosaminide-N

aceteltytranfer (Sanfilipo type C), N-Acetyl-a-D-glucosaminide-6-sulfate (Sanfilipo type D and 
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Morquio syndrometype A), -galactose (Morquio syndrome type B) andN-acetlegalatosamine 

(Maroteaus-Lamydisease) but all of theseMPsdiseasesaresuoflysosomalaccumulation 

of heparansulfte, dermatan sulfate or keratan sulfate. lycogenstorage diseases (i.e Pompe 

disease) resultfromstorage of sugars and phosphorylatedsugars in thelysosomes.  

The methods provided hereinoptionally include select subject with a LSD, One of 

skill in ie art knows how to diagnose a subject with a LSD, For eampleoneormoreofthe 

followingtestscanbe used:a genetic test(e.g, identicationofamutation associated with a 

LSD) orfmilialanalysis (e.g., family history,genetictestingofparents), central nervous system 

imaging (e.g. magnetic resonance imaging and positronemissiontomography), clinicalor 

behavioraltests(e.g, assessmentstoidentify mood disorders, aggressiveness candor cognitive 

abnoralities),or laboratory tests(e.gbloodand/or urine teststo identify abnormal levels of 

metabolites or enzymatic deficiencies).  

The methods provided herein optionally further include administering an effective 

amountofa second therapeuticagentortherapy to the subjectThe second therapeuticagent or 

therapy can be administered to the subject priorto, simultaneously with. or subsequent to 

administrationofth compound ofFonula The second therapeutic agent or therapy is 

selected from the group consistingofan enzyme, hematopoitic stemn cells, abonemarrow 

transplant,gene therapyorasmall molecule. For example,and not tobe limiting, LSDs 

associated with an enzymaticdeficiency can be treated with anenzyme to increase the amount of 

the deficient enzyme in the subject. For example, enzyme replacement therapy(ERT) witha 

recominant enzyme, such asiiglucerase (Cerezyme) velagluceraseaa (VPRIV*) or 

taliglucerasealfaElelso, canbe usedasa secondtherapeuticagenttotreatType iaucher 

diseaseSmall molecules that inhibitglycosylceranide synthase,frexamplemiglustatand 

eligustat,can also be used to treat Type I aucherdiseaseAsmall molecule that acts as a 

chaperone tostabilizea defectiveenzymeproduced by the subject ora small moleculethat 

reducesthe amount ofoneormore substratesthat would normally reprocessed by an enzyme in 

the subject canals be used, 

One ormoretherapeutic agentsthatreduce the symptoms ofa LSD can also be 

administered. For example, an anti-epileptic such as gabapentin or lamotrigine can be used to 

prevent seizures ina subject. Antibiotics can be used to treat bacterial infections such as 

pneumonia. Other agents include, but are not limited to, anti-inflammatory agents (e.g., NS.AIDs 
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and antininammatory steroids;andmuscle relaxants Dialysis, physical therapy andsurgery 

are alsoontemplted herein as therapies to traat LSD 

in some methods for treating or preventing a LSD the second thempeutic agent can be a 

tyrosine kinase inhibitor (e.g. nilotinibbosu inibinatinib pazopanib, etcherefre, in some 

examples, a tyrosine kinase and a compound ofonnula Iare administered to thesubjetIn the 

methods wheratyOsine kinase is administered as second therapeuticagen the tyroine 

kinase canba tyrosine kinase inhibitor hat offers n selectivity foroneo ormorereceptor 

tyrosin kinases as compadtothe compoundof Fonrulai.  

Pharmaceutical Compositions 

The term effective amou, as used throughout, is defined asany amountnecessary to 

produce a desired physiologic response. for example. ihibitng or preventing toxi protemi 

aggregaion in a neuronorpromoting lyosomalclearance.  

Exemplary dosage amounts for administration ofany compound described here, for 

example, a compound ofFormula, include doses from about 0.5 to about 200 mgkg of body 

weight ofacti v compound per day, whichmay be admnistered in a single dose or in the form of 

ndivdual divded doses, such as from I to 4 times perday Alternatively, the dosage amou can 

be from about 0.5 to about 150 nkg ofbodyw eight of actk e compound pe day ,about 0,5 to 

I00mg kg of body w eight of acti e compound per day about .5 to about 75 mgLg of body 

weight ofacti compound per day about 0,5 to about50 mg kg ofbody w eight of act ive 

compound per day about 0.5 to about 25 mg g of body w eight of active compound per day 

about I to about SAmpkg of body weight ofactve compound per day,about 1 to about 40mg kg 

of bodywneight of active compound per day, about 1 to about 30 mgkgofbodyweightofactve 

compound per day, about 1 to about 30 mg kg of body weight of active compound per day. about 

30 mgkg ofbodyw eight ofactivecompound per day about20 mgkLg ofbody eight ofactive 

compound per day, about 10 mg kg of bodyAw eightof act ive compound per day, or about 5 

mg kg of bodyW eight ofactiv compound per day.  

Optionally, the dosage is less than about 10 mg kg and can be ess than about 95. .8.5, 

87,5 7. 6. 6, 55,5, 4,5. 4. 3.5 3, 25 2, 15 1.25, 1,.0, 0. 8 0 , 00.5, 4, 0,3. 0.2,0 

mgI g or any dosage in between these amounts The dosage can range from aboutl0. mg kg to 

about 10 mg'kg, from about 0. 1 mg kg to about 9 m kg. from about i mgkg to about 8 
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mg kg fromabout0mg/kg toabout 7 mg kg from about. 1 img kg to about 6 mgkg from 

about( 1 mgktoabout 5 mg/kgfrom about. I mg/kg to about 4 mg kg. rom about 0 

mwkg to about mg/kgfrom about 01 mg kg to about 2mg k, om about 0 mg/kgto abou 

I mgkgor from about mg kg to about0m kgOneof skl in the art wudadjust the 

dosage described belowbased on specificcharacteristcs of theinhibitor andthe sub ect 

receiving it.  

Thcomposition can comprise asingleunil dose ofacompound ofFormula for 

example, single unit doseofabout50mg'kg or less, 40 mg kg orless,31 mg kgor less, 20 

mg kg or less,10mgk or less, of about mg/kg or less, ofabout 2.5 mgtkg or less or about 1.5 

mg kg or less of Compound 1 or Compound 2,orapharmaceuticallyacceptablesaltthereof 

Packages ludingone or multiple, single unit dosesofacompoundhaingFormula , for 

example, multiple, singleumt doses of C compound 1 or Compound 2arealsoprov ided. The 

package en further comprisesingle or multiple unit doses ofone or more second therapeutic 

agents described herein, 

Effective amounts and schedules for administeringone ormore of thecompoundshaving 

FonnulaIdescribedherein can be determined empiricallyand making such deterinationsis 

within the skill n the art The dosage ranges for administration are those large enough to 

produce the desired etfet i w hich oneor more symptoms of thediseaseod ior ider are atected 

(e.g.,reduced or delay ed. The dosageshould not be so large astcause substantial aderse side 

effects,such as unwamed cross-reactions, u anted cell death and thelike. Generally the 

dosage will ary ith thetype of inhibitor,the speciesage, body weight, general health, sexand 

diet ofthe subject, the mode and time of administration,rateofexretion,drugcombination,and 

severityofthe particular condition and can bedetermined by one of skill in the art. The dosage 

can be adjusted by the didualphysicianin thee ent ofanycontraindications. Dosagescan 

v aryand can be admimstered in oneor more dose administrationsdaily.  

Th compoundshavng Formula I and other agentsdescribed herein can be providedi a 

pharmaceuticalcomposition. These include, for example, a pharmaceutical composition 

comprisingatherapeuticalyeffective amount ofone or more compounds hav in Formula I and a 

pharmaceuticalcarrier.The term carriermeans a compound, composition, substance. or 

structure that, when M combmationwt nh a compound or composition. aids or aeilitates 

preparation, storage, administration, delivery, effectiveness, selectivity, or any other feature of 
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the compound or composition for its intended use or purposeFor example carrier canbe 

selected to minimize any degradation of the active ingredient and to minimize any adverseside 

effects in the subject. Such pharmaceutically acceptablecarriers include sterilebiocmpatible 

pharmaceutical carriers, including, but notlimited to, saline, buffered saline, artificialcerebral 

spinal fluid, dextrose, and water.  

Depending on the intended mode of administration, the pharmaceuticalcomposition can 

be in the form of solid, semi-solid or liquid dosageforms, suchas, for example,tablets, 

suppositories, pills, capsules, powders. liquids, or suspensions, preferably in unit dosage form 

suitable for single administration of aprecise dosage. The compositions will include a 

therapeutically effective amount of the agent described herein or derivatives thereof in 

combination with apharmaceutically acceptable carrier and, in addition, may include other 

medicinalagentspharmaceutical agents, carriers, or diluents. By phanraceutically acceptable is 

meant a material that is not biologically or otherwiseundesirable, which can beadministered to 

an individual along with the selected agent without causing unacceptable biological effects or 

interaction a deleterious manner with theoer components ofthe pharmaceutical compostion 

inwhich it is contained.  

As used herein, the term carrier encompasses any excipient, diluent,t iller salt,buffer, 

stabilizer, solubilizer, lipid,stabilizer, or other material known in the art tbr use in 

phannaceutical formulations. The choice ofa carrier for use in a composition will depend upon 

the intended route of administration for the composition. The preparation of pharmaceutically 

acceptable carriers and1formulations containing these materials is described ine. Remington: 

The Science and Practice of Pharmacy,22nd edition Loyd V, Allen et al, editors, 

Pharmacetcal Press (20 2) 

Examples of phys ologically acceptable carriers include buffers suCh as osphate 

buffersc itrate buffer andbuffrs with other organic acids antioxidants incdingascorbicacid; 

low molecular weight (les than about 0 residues) polypeptides:poteins suchasserum 

albumin gelatinorinmnuoglobAlins; hydrophii polymers sch as polyvinlpyrrodone 

amino acids such as glveine gutanne asparagne armgnine orls ine, monosaccharides, 

disaccharides and other carbohydrates include glucose, mannose, or detrnsc heating agents 

suh as EDT Asugar alcohlssuch as mannitol or sorbito sat-forming counterions suc as 
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sodium; and/or nonionic surfictans such as T WEEN'" ( 1 Inc.; Bridgewater NewJersey) 

polyethylene glycol (PEG), and PLURQNICS'J' (BASF; FlorharnPark, NJ), 

Compositions containing the agent(s) described hereinsuitablefor parenteral injection 

may comprise physiologically acceptable sterile aqueous or nonaqueous solutionsdisersions, 

suspensions or emulsions, and sterile powders for reconstitution into sterile injectablesolutions 

or dispersions, .Examples of suitableaqueous and nonaqueous carriers, diluents. solvents or 

vehicles includewater ethanol. polyols (propeneglycot polyethyleneglycol, glycerol, and the 

like), suitable mixtures thereof, vegetable oils (such as olive oil) and injectable organic esters 

such as ethyloleate. Proper fluidity can be maintainedfor example, by the use ofa coating such 

as lecithin, by the maintenance ofthe required particle size in the case ofdispersions and by the 

use of surfactants, 

These compositions may also contain adjuvantssich as preserving, wetting, emulsifying, 

and dispensing agents. Prevention of the action of microorganisms can be promoted by various 

antibacterial and antifungal agents, fr example. parabens, chlorobutanol, phenol, sorbic acid, 

and the like. Isotonic agents,for example, sugars. sodium chloride, and the like may also be 

included. Prolonged absorption of the injectable pharmaceutical forn can be brought about by 

the use of agents delaying absorption, fr example, aluminum monostearate and gelatin.  

Solid dosage forms for oral administration of the compounds described herein or 

derivatives thereof include capsules, tablets, pills, powders, and granules, In such solid dosage 

forms, the compounds described herein or derivatives thereofare admired with at least one inert 

customary excipient (or carrier) such as sodium citrateor dicalcium phosphate or (a) fillers or 

extenders, as fr example, starches, lactose, sucrose, ucose,n mannitoL and silic acid, (b) 

binders, as for example, carboxymethyellulose,alignates, gelatinpolyvinylpyrrolidone, 

sucrose, and acacia, (c) humectants, as for example, glycerol, (d) disintegrating agents, as for 

example,agar-agar,calcium carbonate, potato or tapioca starch, alginic acid, certain complex 

silicates, and sodium carbonate, (e solution retarders, as for example, paraffin, (f) absorption 

accelerators, as fr example, quaternary ammonium compounds, (g) wetting agents, as for 

example, cetyl alcohol, andglycerol mnonostearate, (h) adsorbents, as for example, kaolin and 

bentonite, and (i) lubricants, as for example. talc, calcium stearate, magnesium separate, solid 

polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the caseofcapsules,tablets 

and pills, the dosage forms may also comprise buffering agents.  
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Solidcompositions ofasimilar type may also be employed as fillers in soft and hard

filledgelatincapsulesusingsuchexcipientsaslactose or milksugar as wellas high molecular 

weightpolethyleneglycols,and thelike.  

Solid dosageformssuch as tablets, dragees, capsules, pills and granules canbepered 

with coatings and shells,suchasenteric coatings and othersknown in the ar. They may contain 

opacifying agentsandcan also be ofsuchcomnposition thatthey release the active compound or 

compoundsin acertainpartoftheintestinal tractina delayedmanner. Examples ofembedding 

compositionsthatcan be used are polymeric substancesand waxes.The active compounds can 

also be in micro-encapsulatedform,ifappropriate,withone or moreof theabove-mentioned 

excipients, 

Th compounds describedherein can be incorporatediopharmaceutical compositions 

which allow for immediate releaseor delivery of those compounds toamammaL The 

compounds described herein can also be incorporated into pharmaceutical compositions which 

allow for modified release, for example, delayed release or extended release (for example, 

sustainedrelease or controlled release) of those compounds to a mammal for a period several 

daysseveral weeks, or a month or more, Such formulations are described. for example, in U,S, 

Patent Nos 5,968895 and 6,180,608 and are otherwise known in the art Anypharmaceutically 

acceptable, delayed releaseorsustained-release formulation known in the a is contemplated.  

Liquid dosage forms for oraladministration ofthcompoundsdescribedhereinor 

derivatives thereofincludepharmaceutically acceptable emulsions, solutions,suspensions, 

syrups, and elixirs, nadditionto the active compounds the liquid dosage forms may contain 

inert diluents commonly used inthe art suchas waterorothersolvents,solubilizingagents,and 

mlsifier, sh as 'for example,ethyl alcohol, isopropyl alcohol, ethyl carbon th 

benzyl alcohol, benzyl benzoate, propyleneglyco, I,3-butyleneglyco, dimethylformamide,oils 

inparticular,cottonseedoilgrodnut oil, corn germoil, olive oil, castoroil, sesame oil, 

glycerol, tetrahydrofur furyl alcohol, polyethylenegycols, and fatty acid esters o fsorbitan, or 

mixtures ofthese substances,and the like, 

Besides such inert diluentsthe composition can also include additional agents,such as 

wetting, emulsifying, suspending, sweetening, flavoring, or perfuming agents, 

The compositions are administeredin a number of waysdepending on whether local or 

systemic treatment is desired, and on the area to be treated. The compositions are administered 
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via anyofseveralroutes of admistrauon, including orally, parenterallv, intravenously, 

intraperitoneally, inrcaily nrspinally, intrathecally,intraventricularly. intramuscularly, 

subcutaneously, intracavity or transdenmally Pharmaceutical compositions can also be delivered 

locallyto the remain need of treatment,frexample by topical application or local injection, 

Efectiedosesforanyoftheadrministrationmethodsdescribedherein can be extrapolated from 

dose-respons curvesderived from in vitro or animalmodel test systems.  

Throughout, treat, eatingand treatment referto a methodof reducingor delay O 

or more effectsor symptoms ofa neurodegerativedisease,a myodegenerativedisease,aprion 

disease or alysosomal storadisease. The subject can be diagnosed withadisease or disorder.  

Treatentcanalso refertoamethodofreducing the underlying pathology rather than just the 

symptoms. The effectof the administration tothe subjectcan have thee ctofbut is not 

limited to, reducingone or more symptomsofthe disease, a reductionin the severityofthe 

disease, thecomplete ablation ofthe disas ora delay in the onset or worsening ofone ormore 

symptoms. For example,a disclosed method is considered to bea treatment ifthereisabouta 

10% reductionin one or more symptoms of the disease in a subject when compared tothe 

subject prior to treatment or when compared to a control subject or control value. Thus, the 

reduction canbe about a 10, 20. 30, 40(, 5, 60, 70, 80, 90, 100%, or anyamount ofreductionin 

between 

AsusedthroughoutbysubjectismeantanindiiduaL The subject can be an adult 

subjector a pediatric subject. Pediatric subjectsindesubjects ranging in agefrom birth to 

eighteen yearsofage. Thus, pediatric subjects of less than about 10y earsJofage, eyearsof 

age,twoyearsofage, one y ear of age, sixmoths of age, three months of ageone month of age, 

onew eek of age or one day of age are also included as subjects. Preferably, the subject isa 

mammal such as a primate, and, more preferably, a human. Non-humanprimatesaresubjectsas 

w ell The term subject includesdomesticated animals,such aats,dogs, etc., liestock (for 

eample, cattle,horses.pigs,sheep,goats. etc.)and laboratoryauni (for exmple, ferren 

chincilla,mouse, rabbit,rat, gerbi, guinea pig,etc.).Thus, veterinary uses and medical 

formulationsare contemplatedherein.  

Disclosed are materials, compositions, andcomponents that can be used for, can be used 

inconjunctionw ith, can be us-ed in preparationfor, rare products of thedisclosed methods and 

compositions. These and other materials are disclosed herein, nd it is understood that when 
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combinationssubsets interactions, groups, etof hese materialsaredisclosed that while 

specific reference of each ariou individual and collective coin actions and permutation of 

these compounds may not beex itlydisclosed eah is specificallycontemplate and 

described herein. Frexampleif a method is disclosed anddiscussed anda number of 

modicationsthat can be made to a number ofmole u esnc uding n the method aredisced 

each and every combinatinanmd permutatinof themethod. andthemoiiainthatare 

any subset or combination ofthese is also speCifcally contemplatedand disclosed. This concept 

apples to dl aspects of this disclosure iding but not limitedti ,steps inmethods uing the 

disclosed composions. Thus, ifthere are a variety ofadditnal stepsthat can be performed 

is understoodhateach ofthese additional steps can be performed h any spefnmehod steps 

Or combination olmethod steps of the disclosed methods andthat each such combination or 

subsetofcoinionsis specifcallyconteplated andshould becosidered disposed 

Pubatons cited herei and the mateialbr wIchtheya cited arehereb yspeciealy 

incorat earence inhedretie5 

EXAMPLES 

Synthessand characterization ofthino3,2-hjpxridine dervatives 

GeneralInbMnndon 

Commercialavailable (hloro2.odothieno blpyridine n),m-to y boronic acid 

(2),aniline (4\, manisidine (5),morpholine 6 breagens catalysts and solvents were used as 

purchased without further puriication NMR spectra were obtinedat 400 MHz ('NMR) and 

100 MNz(C NMR) indeuterated solvents Reation products werepurified by column 

chromatographyo n silica gel (partilesie40-63 p as described below 
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Synwtecinethds and compound characterization 

Synthesis ofthienoF3,2~blpyridine compounds 7-0 

HO, OH Pd(OAc)2 (5mol%) C 

-S PPh (10ml%) C" $ 

S Cs2C0 (2 eq) N 

2 Me Toluene 100 'C 24 h 3 72% yield 

DMSO 100°C 

NH NH2 

N 
OMe H 

42eq16h 5,2eq16h 6, 2eq,4d 

0) 

HN HN OMe N 

- -----  
N N 

Me Me Me 
94% yield 8 92%ye 98 eld 

HN OMe HN OH 

DC M, 78 C0 °C 
N G 

Me 10, 97%yield Me 

CI 

IN 
Me 

7Chloro-2AmdelyI)ihieno132 bipyridine (3). Amixture of7chio--2odotieno[32 

b}pyridine (1) (500mg,1.69 mmofl)>methylphenylboroniacid ()(230 mg1.69 mmol).  

palladium(1) acetate (19 mg,0084mnmol triphenyiphosphine (44img.0,169 mmol) and cesium 

carbonate (1. 101 g, 3.38 mmnol) in 15 mL of toluene was heated at reflux for 24 h. The reaction 
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mixture was cooled to room temperatureand partitioned between wateranddichloromethane, 

The orgam layer was washed with saturated aqueous sodium chloride, dried over soium 

sulfate. filtered, and concentrated inmuo. The crude product as purified by flash 

chromatography on sia gel using hexanes-ethyl acetate (8:2) as mobile phase. Compound 3 

was obtained as a colorless solid in 72% yield (315 mg, 121 mmol), R 0.2 (hexanes EtOA, 

1:]1 JH NMR (4 MH z, hloroform-d)= 6 8.54 (d,J= S 1 , H11, 7.73 (. i H 1 7.55 7.52 

(m, 2H 7.34 (dd, J= 7 ,8. Hz, -!7.23 (m. I H 17.2 (d, J= iH z,iHi 2.42(s. 3H);"C 

NMR (100 MHz Chlorofrmi-d j= 158.2 1496. 148.2, 139M, 137.6. 332. 133.0, 1304 

129.2, 127.3 1238120.8, 1 18AS21.5: Anal. Called for C-mCINS: C, 6474: H.88,5: N. 39 

Found: U 6476;, H 4.05: N, 5.28.  

A5 mL pressure vesse was charged withchloro (molyl)hieno[324]pyridine(3) 

(03mm) the amine(0 6 n oi) and DMSO (10niL) The pressure vessel as then placed in a 

100 oi bathand stirred for 16hto 4 days ter full conversion was achieved based on 

NMRanalysisthe reaction ixtre was etracted with EtOA and washed withwterThe 

combined organic layers were dried over sodium sulfate and thesolventws removed in vacuo 

The crude product was puned by flash chromatography on silica gel using with hexanes-ethyl 

acetae as mobile phase as described below 

HN' 

N 
MeBK-43 

N-Phenyl-2-(m-toly)thieno[3,2-bpyridi-7-amine (71 Compound 7 was obtamed as a 

colorlessolid 94% yield (89 mg, 0.282 mmol) from 7-cho-2-4m-tohluthieno[3,2

lpyridie(78 mg, 0.3 mmol) and amhne (56 mg 0.6 mmoll m I of DMSO after 16 hours at 

100 C following the genealprocedure descbed above.Rp=02(hexanesEtOAc,1:1) 1 

NMR (400 MHz Chiorofon-d) = 8.38 (m I N 7.70 Is. IN ), 7.57 .50 (m, M), 7.43 7.38 

(m. 21H47.37 7 23(inm, 3H 7.21 717 (m, 2H), 6.90 (m. 1i-l, 6.15 (s, 1N4t 2.43 (s, 31f); "3 C 

36



WO 2020/106825 PCT/US2019/062387 

NMR(100M Chlorofrmd 158.5 148.146 .5145.139A39137129.  

129.7,29.6,129,1,17314.8,123.8,1223.122.5,21.6,120,1026216Anal.aled for 

CHN C,5 92F ,10 N,885.Found: N,53 9 

HN OMe 

N 

Me 
BK40195 

N(3-Methoxyphenyl)-2-m-tely1)thieno[3,2bjpyridin~.7~.amine (8). Compound 8w as 

obtaIed asa colorless solid M 92%y ield( m g 0,2 6 mm2 o from-chloro-2-(m

tolyl)thieno[3,2..]pyridie(7$rmg,03 mol) andmasidie(4 g,0. 6mmol)minmofof 

DMS after 16 hours at100 Cbyfollow thegeneral proedure desrbed aboe.R 0.2 

(hexanes EtOA, 2:1); H NMR (400 Mlz, Chlorotfrmd 3 8.41d56 Hz, ). 70(s.  

1H i)-758 7,51(m.,2H),7.36 7 29 (m 21),7 .21j(d.J 7.9Hz.11H).6.96(d,J 5.6 1z, 

6.87 (dd,J 7924FfzIH).6.83 (dd. J.,7. 7l, H 673(dd.J 7.9.5 H1Ff),6,07 

(s, H 1F3 83"(s,31-12.44 (s3) ;C NM R (100 M -r(, loroform-d)6= 160.8,158.6,148.9.  

146.5,145.6,140.7,139.0.133.7,130.5,130.0, 1291,127.3,123.8,121.7, t2.91 145, 110.1, 

108.1, 103.0.55.521.6;A nal.Caledfor CHaNOS:C, 2.80 ,.24: N.8,09.Found:C, 

72.53:H, 5.6i 819 

N 

N 
MeBK40197 

4-((-Toythieno3,2h]pyridin-7y)morpholine (9). Compound 9 was obtaedas a 

colorless solidimn98%yield (91rmg,0.294rummol) from7~hloro-2-nmtolylthieno[3,2

b]pyridme (8 mg, 0,3 mmol) and morphine 52 mg ,0.6 mmol) i 1mL of DM0S afler 4 days 

at 100T by following the general procedure described above. R= 0.2 (hexanes/tOAc, 1:1) IH 
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NMR (40( MHz hlorofornmd) ii8 48 (d 5 4Hz,1A H).69(s 1H) 7.59 7.,2 (n14 

7.4 (dd 79 7.8 I )2 (ddJ 79, 1 z, I ), 6.4 (d4 .4Hz, i)4 3 

38(mn.411).34 3,3(in.4H1).243 s31); 0 NMR(100 MH zChloroformd)6a 158.8 

153. 9.0146, 1 9. 033. 6 1 9 129 2 123. 7,2 412 1.4, 159 6649, 

216: Anal, aled.forCsH N SC69.65:H .5;N,9.02. FoundC , 69.9; H 72; 

938.  

HN OH 

-S
N 

Me 
BK40196 

3-((2-(r-Tolyl)Chienol3,2-bIpyridin-7-yl)amino)phenol (10), To a solution of-(3

methoxyphenyl(m-tolyl)thieno[3,2-bjpyridin7~anine(8) (69rmg 0,12 mmol) indry 

dichloroethane(3 mL) wasadded boron tribromide (4 equiv)at 78 C underpin atmosphere.  

The mixture was stirred for 4 iand the reaction temperaturewasallowed to reach 0 CAfer 

quenching withINIMHCl, the crude reaction mixture was extracted with EtOAc and washed with 

waterThcombinedorganiclayersweredriedoversodiumsulfateandthesolvent wasremoved 

invacua.Th crudeproductwaspurifiedbyflashchromatographyvonsilicagelusingDCM

Me (19:1) as mobilephase Compound 10 wasobtainedasa colorless solid in97% yield (64 

rg, 0.194 mniol). R= 0.4(DCMMeOH, 9:1): H NMR (399MHz. Methanol-d4)6=8,22(d, 

= 6.7 H z,1),7.70 (s,I 7),7.65(s 0 )7.61(ddJ 7,5, 2.1 H z, I H) 7.40 (dd, J=767.6 Hz 

I ), 7.34 7.31 (m,.2H),6.93(d,:=6,7 Hz, i H), 688(n 1)6.85 6,79(n, 2H), 2.44(s, 

31H ;CNMR(100M Methanol-d4) = 160,1, 154.7, 153.5, 149,5, 141.1,140.7, 195, 

133.3, 132, i319, 131.7, 130.5,1282125.0, 117.4, 115.7 14.9, 13.5,1027,213;Anal 

Caledfor CH NOS: C, 72.26- H, 4,85;N, 8,43.,Found: C, 72.29- H, 497;N, 8.61.  

Cell Culture 

Rat neurob1astoma1335 ellsweregrownin Dlbecco'sModifiedEagle'sMedium 

(DMEM) with 10% Fetal Bovine Serum (FBS) and 1% penicillin/streptomvcin and incubated at 
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37 w ith5%CO.Fortheexeriments, cells were transferred to 12 vell plates (Cat, 150628 

ThemoFisher. Waltham, MA) and grow nto atleast0 conence.Transienttransfectionwas 

performed w ith 3wg P3011L tau(Cat, 30145 Addeenel cDNA or 3 pghuman-synucleneDNA 

usmngFugene HD transfection reagent (Cat 23i1.Promega, Madison WI)f or 24 hours, Cells 

weretre treated with I mM 100pMI, 10M, I IM,0 p M, 0.0 1 M and 0100 l Mdissol edin 

DMSO0or an equivalent Sul of DMS0 for 5 ours. Cell culture media was collected and cell 

werehbarested using sodium-tris, FDTA. NP-40 (SThEN) Lbuffer andcentrifugedat000xgfor 

20 minutes at 4'C and suernatantwascolected. Cell viability w as determined via lactate 

dehydrogenase assay(Cata88954. Thermofisher) and M`TTassay (Cat, V1i 3154.  

Thermofisher)Protein w as extractedbyremo ingculture medium and adding 0-2 ml l STEN 

buffer (50 ml Tris (p .6), 150 mM NaCl, 2 mM EDTA, 02% NP-40, 0.2 % BSA, 20 mM 

PMSFand protease cocktail inhibitor) to cell lay er and incubated on ice for 10mutes. The 

bottom of the well wasscraped and allowed to incubate once forin additional10minutes, Cell 

lysateswere collected, stored at -80 C, and used foradditionalanalyses.  

Drug Preparation 

Compound 1 (BK40197) and Compound 2(BK40143) withmolecularweights of310.1 

and 316.4g/mol, respectively,were diluted in Dimethyl Sulfoxide (DM0S) to final 

concentrations of 100 pM, 10pM, 1 pM,0.1 pM, 0.01 pM, and 0)01 I M. Drugs were stored at 

80°C.  

MTT assay 

To measurecell viability cells werinacuibated with500pghof DulbeccosModified 

Eagle'ediumn (DMEM) containing 0phof 0-( 41 eth thiazol -yl 1dipheny 

terazolum bromide (MTT)) for hours at and 5% 0. The media was aspirated sotFhat 

125 l ofmediaemained The fornazan sales ere dissolvedin 250 uL of DM SO. Absorbance 

wasread against a blank containing 125 ofmediaand MT and 250 uL oIDMS at 570 nm 

Lactate Dehydrogenase (LD)Assay 

Cellularcytotoxicitywasquantitativelymeasuredbyassessmentof Dl, a cytosolic 

enzyme that is releasedfrom damaged cells into the cellular media, after exposure to the drug 5 
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hours after initial dosage he cell uture media was collected, and an aliquot was coupled with 

a lactateand NAD LD catalyzes the reacon that converts lactate into yruvate to produce 

NADH. NAD in turn, reduces a tetrazolum satINT into a red formazan product.The 

amount of LDH in the media ais proporional to the amountoffoazan which wasmeasured at 

490 nm. The absorbanceat 680 nm to measure the background gnalfrom the instruIent was 

subitactedfrom the absorbanceat490nm calculatetheDH activity.  

Cell Cultunre Transfection and Treatment 

T perormtransienttransfection of asynulein no the ratneuobamaB35cels 

Fadene@®HD)ransfection Reagent (Pronmega Corporation.MadisonWas used.Cllwere 

grownn12- well dishes A mixture containing 12 pgof cDNA540 tofDMEMcontaning 

2%ElS, and 60 plof FuGene@ DTransfection Reagentwasincbatedfor10 minutThe 

elsw ere treated with p ofthe uGene@IHD TransfectionReagentDNA mixture for 24 

hours. elsweharvested afertransfetion,media was aspirated ,th cells were treated th 

200u1 of Sodium TrisEDTA NP40 (STEN) lysisbuffer then scraped offthe plate and collected 

into a5l mcentrifugetube 

Mouse Treatment 

Experimentswereconducted on (a) TgAPP mice which expressneuronallyderived 

humanAPPgene 770isofo containingtheSwedish(K670N/M671, Dutch E693Q, and 

Iowa D694N mutations under the comrol pfthemouse thymus cell antigen1thetaThyl, 

promoter (Davis et al, "Early-onset and robust cerebral microvascular accumulationof amyloid 

beta-protein intransgenicmice expressinglow levels ofa vasculotropicDutch/iowamutantform 

of amyloid beta-protein precursor ", The Journal of biologicalchemisy 279(19):20296-20306 

(2004); (b) rTg4510 mice which express human P301L tau and have the tet-responsive element 

(TRE or tetO) and mouse prion protein proctor sequences (PrPorPrnp) directing expression of 

the P30-L mtant variant ofhuman four-repeat microtuule-associated protein ta(4RONTau 

P3(1L) (Santacruz etl atTau suppression ina neurodegenerative mouse model improves 

memory function, "Science3095733)476-48 (2005) or(c) TgA53T mice which express mutant 

argininetothreonine(A53T) humanoa-synuclein under the control ofthe prion prootor 

(Giasson et al "Neuronal alphasynucleinopathy with severe movement disorder in mice 
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expressing A53T human apha-synuclein," Purn34(4):521~533 (2002), Mice received 

treatments of daily iraperitoneal6p.) injections of BK40143 (BK) (Medicnal Chemistry 

Program, Georgeto n University )Nilotiib (NiIo) (Cat. YS1033, Selleckchem inc-. Houston, 

TX). Bosutiimb (hos (Cat. S1014. Selleckehem Inc, or combined solutions of BK Nilo, BK 

- Bos, or Nilo • Bos at 1.25mg kg, .mgkg, or 50mg kg dissoed dimethyl sulfoxide 

(DMSO) (Cat. O128-500, Fisher Scienific, Hampton, NH) or an equivalent dose of DMSO 

only. Treamentperiods wereeither 7 consecutive days or 21 consecutive days as designated in 

the figurelegends.  

Xnap 

Xmap technology uses magnetic icrospheresthat are internally coded with two 

fluorescent dyes. Through precise combinations ofthese two dyes, muhipleproteins were 

measured within sample. Each ofthese spheres is coated with a specific capture antibody. The 

capture antibody binds to the detection antibody and a reporter molecule, completing the reaction 

on the surface of the head. 25 l of'soluble brain tissue lysates, fror transgenic Tg4510 nice 

treated with 5 mg/kg, 25 mg/kg and 1.25 mg/kg ofBK40143 or DMSO were incubated 

overnight (16-20 hours) at room temperature with 25 pofdetection antibody solution, and 25 pi 

of a mixed bead solution, containing the allowing analyze: human phospho-tau (181). Following 

extensive washing of theplate, samples were incubated with 25 pl of Streptavidin-Phycoerythrin 

was added to each well and incubated Or 30 minutes at room temperature. Samples were then 

washed and suspended in 100u of sheath fluid. After resuspension, samples were run on 

MAGPIX with Xponent software. The Median Fluorescent Intensity (M ) data was analyzed 

usinga5-parameter logistic or spline urve-fitting method for calculate analyte concentrations 

in samples, 

Protein Extraction 

Brains from tretedm nice comparedwithDMS) treated mice were homogenizedinSTEN 

lysisuer [50 M sodiuUn is(pH I7) 150 mM NaCL 2 ml EDE, 0A2% NP-40.0.2% 

BSA 20 mMP MSF and protease cocktail inhibitor, centrifuged at 10 O0g for 20 mn at 48 C 

and the supernatant containing the solublerotein fractiont as collected. The supematant was 

analyzed by Wester Blot (WB) on SOS-NuPAGE Bis Tbs gel (InvirogenCalsbadA) and 

ELISA.  
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Pharmacokinetles studies 

C57BL 6J micewere ejected one with i.p. ejection of BK. Brain and serum were 

collected at 2, 4, 6 or h 18 perdrug, n=3 perdose and time point.Animals injected w ith 

vehicle (DMSO) were used for background subtraction. Stock solutions of drug Iapproxately 

mg . each) were prepared in ethanol dichloromethane (50:50). The serial dihuions fr each 

of the standards were produced for the study separately in methanol -PLC grade water(50:50).  

Preparation ofthe cabbration curve standards and quality samples (QC)was performedb 

ining the stck solutions in blank samples Serum and brain samples vere storedat-80O then 

thawed to room temperature prior to preparation.The thawed serumsamples (20 uL) were 

transfused to a tube containg 00 L. of water. The 500 u. extractionsolvent, 

acetonmtrilemethanol(50:50) w as added to the sample. The mixture was vortexed and incubated 

on ice or 20min to accelerate protein precipitation, After incubation, the samples were vortexed 

again and cenrifuged at 13,000rpm for 20 in at 4-C The supernatant was then collected and 

transferred to a new tube, dried usingspeed vac. and reconstituted in 200 t of methanol ater 

(50:50) The miure was spun again at 13,000 rpm for 20 min 200 at 4C. The supernatant was 

thencollected into a mass spec sample tube cap and run in the mass spectrometer For the brain, a 

small section ofthe thawed brain sample from each animal was transferred to a flat bottomtue.  

200 uL of methanol water (90:10) was added, and the tissuewashomogenized. Acetonitrde uwas 

then added to the mixture facilitating protein precipitation, The mixture was then incubated on 

ice for 10 in. After incubation,thesamplesw ere ortexed and centrifuged at 13000 rpm for 20 

min at 210 4C, The supeatant w as then collected and transferred to a new tube, dried using 

speed iac, and reconstituted i 200 uL of ethanolwater (50:50 The mixture was centrinfuged 

at 13,000 rpm for 20 in at 4 C The supeatant w as collected into a mass spec smpke cap 

and run in the massspectrometer The samples were resolvedon an Acquty UPLC BFH CI 

i,7pm,2,1 , 50 mm column online with a triple quadrupole massspectrometerXevo-TQ-S, 

Waters Corporation)operating in the multiple relation monitoring (MRM) mode. The sample 

cone voltage and collision energies were optimized forboth analytes to obtain maximum ion 

mitensity for parent anddaughter ions using "ImelliStart" feature of(Massynxsoiware(Waters 

Corporation).Theistrumentparameterswereoptimzedto gain aximun specificity and 

sensith ity of ionization for the parent [m/ = 438.25] and daughter ions[m z= 35 733], Signal 
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inensitiesfrom al MRM QI Q3 ion pairs for analytes were ranked to ensure selectionof the 

most intense precursor and fragment ion pair for MRMibased quantitationhis approach 

resulted in the section ofconev oltages and collsion energies that maximzed the generation of 

each fragnntion Species. Annalysis wasperformed with a six to igtpointcalibration curve.  

the smpleuueasrndomizdandsonblankswerei toa samplecarryover 

MRM data were processed using Targetynx4. 1The elativ quanification values ofanayes 

were determined by calculating the atio of peak areas of transitions ofsanples normalized to the 

peak areaof theinternal standard.  

Tissue collection and protein extraction.  

Animals were deeply anesthetized with a mixture of Xyiazine and Ketamine(1:8and 

500p of whole blood was collected via cardiac puncture. centrifuged at200g to precipitate 

blood cells and the serum was collected. To wash out the remaining blood from vessels and 

reduce contamination, animals were perfused with 25ml of IX phosphate buffered saline (PBS) 

for 5 mins. Brains werecollected and homogenized in 1.0 ml lx STENbuffer. Homnogenized 

samples were centrifuge at 12,000 X g Or 20 min at 4C andsupernatant (solubleprotein 

fraction)wascollected andstored at-80°&Insoluble proteinwasextractedafterremovingthe 

supernatant, The tissue pellet was washed with 1X STEN buffer The pellet was re-suspended in 

750ul of 70% formic acid and incubated for 30 min at room temperaturetilowedby a 

centrifugationat 28,000 gat 4C for Ihr The supernatantwas collected as the "insoluble 

fraction. Samples from the 70%formic acid fraction were stored at -80°C and neutralized with 

lN Tris-base (1:20) immediately before use. Protein leels were quantified using Pierce BCA 

protein assay (ThennoFisher, 23225) via manufacture'sinstructions.  

Immrnunolbat analysis 

Soluble and insoluble proteins extracted from mouse brain lyates were run on SDS 

NuPAGE Bis-Tris gel (Cat NP030i BOXl hinvitrogen) and probed for phosphorylated tau with 

(I1 000 )mouse monoclonal AT180 (Ca MN1040. ThermoFisher) and (1:1000) mouse 

monoclonal AT (Cat, #MN 020, ThernmoFisher), total tau with it:3000 mouse monoclonal 

Tau-5 antibody, phosphorylated DDRI iMth (1:250) rabbit polylonal MCK10 (Cat. PA5

64780, ThernioFishert ubiquitin with( 1:5000) rabbit polyelonal (Cat, #PA3-16717, 
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ThermoFisher)Atg(5 "it 1 1000) rabbit monoconal(Cat #mAb12994 CellSignang 

Danvers, MA), Beclin-1 with (1:1000) rabbit monoclonal (Cat. mAb 3495, Cell Signaling), and 

Atnwith (1:8000) rabbit polyconal (Cat #MAB1501 R, E MDMillipore, Burlington, MA 

Blots were visualized using Super SignalTM West Dora Extended Duration Substrate (Cat.  

#37071, ThermoFisher) on theAmershanMi inager 600 (GE Healthcare Life Sciences, 

Pittsburgh,PA), Western blots were quantified by densitonetry using Image Jsoftware.  

Enzyie Linked immunosorbentAssay(ELISA) 

Human -synucleiiand p-tau E LISA were performedusing50p ( pgp) ofcell lysates 

detected with 50 p primary antibody (3 h) and 00 p anti-rabbit secondaryantibody(30 min) at 

RT a-Synucleinlevels were measured using human specific ELISA (nvitrogenincCarlsbad, 

CA)accordingto manufacturesprotocols.Thu was measured using specific tau at serine 396 

according to manufacturersprotocol. Eachsamplewas duplicated.  

ELISAs fortotal TanA Bwand AB (MilliporeCat# HNABTMAG 60K) were 

conducted using Miliplexed ELISA. As set forth above. Xmap technology uses magnetic 

microspheres that are internally coded with two fluorescent dyes. Through precise combinations 

ofthese two dyes, multiple proteins are simultaneously measured within a sample, Each ofthese 

spheres is coated with a specific capture antibody. The capture antibody binds to the detection 

antibody and a reporter molecule, completing the reaction on the surface of the bead, Allsamples 

includingplacebo and resveratrol at baseline and 52 weekswere analyzed in parallelusing the 

same reagents. A total of 25 p soluble protein was incubated overnight at 4 °C with 25 pl of a 

inxed bead solution containing totalTau, AB and AB Afterwashing, samples were 

ncubaMed with 25 pf detection antibody solution for 1.5 h at room temperature, Streptavidin

phycoerythrin (25 p) was added to each well cntaining the25 iofdetection antibody solution.  

Sampleswere then washed and suspendedin 10 p of sheath fluid, Samples were then run on 

MAGPIX with Xponent software. The medianfluorescent intensity (MAdata were analyzed 

using a 5-parameterlogistic or splinecurve- fittingmethod for calculating analyze concentrations 

in samples. Specific P-Tau ser396 (Invitrogen, KH13703 1), humanTau thri81(invitrogen, 

KH0063)andAp1 --42 (Invitrogen, KHB3442) were performed accordingtomanufacturers 

protocol on tissue solubleextracts from midbrain lysates in 1XSTEN buffer (seeabove) 
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Behavior 

Rotarod: mice were placed on an accelerating rod Cat.-'770, Panlab. Harvard 

Apparatus, equipped with individual tigers for each mouse. Mice retested over4 trials 3 

rainingand testing Micewere trained tostayon the rod ata constant 4 rotations perminute 

rpm) format least 5 minutes, an then the speed i gradually increase to 40 rpm o er300 

seconds and the latency to fall was measured.  

Open-field:Micewere placed in the open ieldarenaapparatus 25cmx25 cm) for 60 

minutes. Animals wereitcked by photocell beamsalong the arena fbrDatawerecollected 

and analyzed for total distance traveled (c m), totai me spentmo ing (sec, and eloeity 

(distance time) duing the 60-minutetratcl enter zone wasdigitally denedin the softareas 

(25cm x 25 em) in the center of te apparatus and center zone entriescenter zone distance 

travelled (m, andtime spet incenter zone(see) during the 60-minutetrialwere recorded 

Morris watermaze:The watermazeapparatus consistedofa 4-foot-diameter pool Sa 

Diego Instruments) filled with water maintained at 25 and made opaque with white paint and 

digitally divided ino 4 quadrant zones iANYMaze software, San Diego instruments . Extra

maze visual cues nere hung on the w alls surroundingthe pool and a hidden plattern (4 inches in 

diameter) w as submerged em below the surface ofthe w water i the centerof the platformm 

zone Training consisted of three trials perday four days leading up to probe trial on the 

fifth day. The mice w ere introduced into the pool at one ofthreeentry points., one per non

platform quadrant zone, w ith every entry pointused over the course of the day Thelocation of 

theplatform remainedconsta throughout the entire training period. Themice were gien60 sec 

to locatethe platform, andrem ainedon theplat ormfor 10 secbeforebeingremovedMicethat 

did notlocate the platform within 60 seew ere placed on the plat formf 1shl0 se beire remoal 

front the maze, Durmg the probe trial onthe fifth daythe platfrmis removed and the tracking 

software iANYNaze)w as usedto record late tofid the platfon platform quadrant zone.  

s im speed, and sw impath This training andprobe trial paradigmwasconductedpre-treatment 

andpost-treatment.  

Marble burial test:Marle buyingtestwasperformedaspreviouslydeserbed[35)with 

modifications riefy, 20 marbles of 15 mmin diameter w ere spaced by 4 cm in five row sof 

four marbles each on a surface of gently packed 5-cm-deep cornobheddng in a double-sized rat 

cage. A mouse w as left alone in the cage for 30 minutes. An observer blinded to the treatment 
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counted the number of mablesburied. Any marble buried more thantwothirds ofitssizewas 

counted. Each mousewvasassessed onceatre- and postreament and data werereportedas 

average SEM ofthe percentageofbuied males per animal. uskal allis testsfollowed by 

Wilcoxon post hoc test was used to determinestatisticasignificanceof marble burying inice 

treatedwith drugorDMSO.  

Statistical analysis 

All statisticalanalysis wasperformed using raphPad Prismversion 8.0(GraphPad 

software Inc.). For experimentsinvolvingmice,samplesize(n)andfemale:maerationsusedin 

each experiment are indicated in he figurelegends. For ex periments using cell lines the number 

ofindependentbiologicalreplicatesisreported(N). Data are presened as mean SE. When 

comparing averages in wo groups, two-tailed Students /estor Welchs r test wasperformed.  

When comparing the averageson multiple groups,one-way analysis ofvariance(AN)VA) 

followedbyTukey's multiplecomparison post hoc test wasperHonned, Asterisks or the pound 

symbol denote actualfp-value significances (*<C0.05,**<0.01,***c0.001,****<(0,0001)betwveen 

groupsorwithingroups and is noted in the individualfigure legends.  

Results 

As show n I nFg, I (let panel and middle panel), after hoursoftreatment 

neuroprotective effects were observed B35ellstreatedw ith I sM K41043 as evidenced by 

thedecrease n LDH and thei crease MTT,respectelyas compared to control. Fig Iright 

panel showsthatat er five hours f treatment, there was a stepwise crease cell viabityvia 

decreaseinLDHi. thdecreasng concentrations of BK40143.  

Fig.2show cell ability of35 cells after24hourransfection u1th pTau (left panels or 

a-synuclei (right panel) and fi e hours oftreatmenwith B141043.  

35 ells were grown completemedia and transfectedwn1ithc DNA for humaI mutant 

Tau andalpha-synulenusng FuGene H 1 transfetionreagentsaccording to manufacturers' 

ustructions.At 24 hours the transfetion had produced significant higheramounts of phospho

Tauani alpha-sncle compared to non-transfeted celliaEISA Fig.3show the lev elof 

pTau (181 ) after 24 hourtransfection (lepanel) and that BK41043 reduces pTau (1$i) lev els 

pTau transfected 335 cells right panel) back t control levels. This occurred without any 
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changeto LDH leels indicaig no increasedtoxicity during the experiment. Fig. 4 show s the 

le elof- e inafter 24 hourtransfection (left panel) and that BK41043 did not reduce o.  

synnclem in r-synuclein-transfected B35 cells (right panel), 

Fig. 5 shows cell ability ofB35 cells after five hoursoftreatment with K40197, 

Fig. 6 shows that BK40143 reduces pTau (181) I Tau expressingtransgenicmice, after 

seven days of treatment.The levels ofpTau18) were measured viaL ElISA.  

Fig. 7 shows that treatmentwith BK-40143 (125 mgkg, 215 mg kg or 5.0 mg kg) did not 

affect thelevels of pTau (23I)(l l80) in transgenemice.  

Fig.8 shows that Tau (HT) wassignificanly reduced in Tau transee mie after seren 

days oftreatmentw ith 13K-41043 at1 25 mg kg and 2.5mg'kg.  

Fig. 9 shows that treatmentwith BK-40143 (1.25 mgkg or2.5 mg kg)resuhsin in viv 

inhibition of DDR 1, as measured by detection ofphosphorylatedDDR I (pMCK10).  

Fig.10 shows that plau was reduced in CamP301 L miceafter treatment with2,5 mg kg 

or 5 mg kg BK-40143.  

As show n in Fig. I1, BK40196 reduced alpha-synuclem at high concentrations and 

B40197 does not reduce alpha-synuclein1 mM and I10uM of BK40196 significantlyreduced 

the level of alphasynuleinintransfected B35 cells (Fig, 11 A). K40197 does not display any 

ability to reduce alpha-synuclein levelsin transfected B35 cells (Fig. I ID) 

As shown in Fig. 12A, BK-40143 significantly decreased alpha-snuclein A53T nuce.  

compared to DMS treated control A53T mice. C57BL .6J mce were used as controls and show 

no detectable (ND.) human alpha-synuclein. Fig. 1213 shows that BK~40143 insigniicantly 

increases (about 30%) the overall level ofdopamine, however BK-40143 did increasethe leelof 

the dopamine metabohite, hoovanillic acid (11VA in A53T mice indicating more dopamine 

turnover w hich could result in better dopammineCurotransmssion. The immunobIots shown in 

Figs. 12C and 12D for alpha-synuclin (ThermoFisher, MA1-12874) mirrored the 40% reduction 

in alpha-snuclein seen the EUS.  

Animal studies also show ed tat BK-40143 improved elocityof locomotion in A53 T 

mice, A53T micew ere tested on the open field testfr overall locomotor ability over a 60

minute tral.Although the mice did notshow any dierence in the totaldistance travelled or total 

timespentmovmg, the elocity oftheir moementsigmiantlyincreased with 1340143 
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treatment (Fig. 13). This couldbe a reflection of better dopamine neurotransmission as indicated 

by thei creased levelsofHA after BK (Fig, 2B).  

Swasalso show n that BK40143 selectively deacti ates DDRs but not Srcor Abl and 

reduces phosphor lated ta i nthe rTG4510 tauopathy mouse model. Mak and female 3-month

old rTG4530 mice were treated i. w ith .25ng kg, 2.5mg kg, or 5mg kg of BK40143 or DMS( 

for 7 consecutive days. Fig. 14A, an imunoblot probing r activated iphosphorylated) DDR K 

demonstrates that 125 and 2.5 but not 5 mg kg of BK40143 deactivated DDR1. Fig. 14B, an 

immunoblot probingor actvatedSrc demonstrateshat BK-40143 does not engage this 

tyrosine kinase. Fig. 14C an inmmunoblt probing for activated Ab demonstrates that K

40143 does not engage this tyroskine kinase, i,e. DDR 1, Upon probingforphosphorylatedTau 

(A L, ig 14D )shows that all three doses of BK-40143 reduced the levels ofphosphory lasted taa 

by 41-49% percent .As shownin Fig. 4F, an I ISA, or phosphorylaed Tau (A181)revealed 

tthathatn 2,5g kg of 13K40143 significantly reduces phosphorylated Tau.  

BK40143 alsosigniicantly reduced amyloid phosphorylated tau, and deactivated DDR .  

Male and female. 7-month-old APP micew eretreated i.p with 1.25 and 2.5mgg of BK40143 

or DM80 tr 21 consecutive days. immunoblotingforaggregating extracelularamloid-beta 

(6E10) demonstrated that 1.25 and 2.5mg kg ofBK40143 significantlyrued amyoid-beta 

plaques 'Fi. 5A). Probing for phosphorylated DDR I demonstrated that 1-25 and 2.5mg kg of 

BK40143 deactiated DDRI by 40% and 31%, respective ely (Fig, 151). Probing for activated 

(phosphorylated ;A (245) demonstrated that BK40143 does not engage Ab (Fig. 15C). FIgs 

15D and 15 show that 1.25 and 25mgkg BK40143 significantlyreduced soluble human 

amyloid-beta vuaE ISA,but did not significantly reduce the insoluble oid-hetaAlso 

shown is that 2.5mg kg of BK40143 significantly reduces human phosphorylated tau (Ser3%) by 

over 80(fign 1SF), 

Alsoshown is that BK40143 could improve performance on Morris Water Maze testfor 

cognition in APP mice. APP mice were tested on the morris w ater maze post-treatmentfortheir 

abity to find a target platform Measurements include the number ofplatform entries(Fig16, 

left panel),t he latency to the frstentry (Fig. 16. middle panel and the distance travelled before 

their first entry tothe platrm (Fig.16, eight panel), Although there was no sign ant dference 

betweengroups. 1.25mgkg of BK-40143shows a trend for increased performance with higher 
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numbers of platform entries, and a lower latency 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 hippocampal sections were stained for Nissl substance. 4x and 20x 

images for DMSO, 1.25mg/kg, and 2.5mg/kg of BK40143 are shown in Fig. 17 (left panel).  

Mean staining intensity was quantified in imagej software as the total amount of Nissl staining in 

all 4x images (Fig. 17, right panel).  

These data suggest that a compound of Formula I, for example, BK41043 or BK40197 

can be used to treat or prevent a neurodegenerative disorder, a myodegenerative disorder or a 

lysosomal storage disorder.  

It is to be understood that, if any prior art publication is referred to herein, such reference 

does not constitute an admission that the publication forms a part of the common general 

knowledge in the art, in Australia or any other country.  

In the claims which follow and in the preceding description of the invention, except 

where the context requires otherwise due to express language or necessary implication, the word 

"comprise" or variations such as "comprises" or "comprising" is used in an inclusive sense, i.e.  

to specify the presence of the stated features but not to preclude the presence or addition of 

further features in various embodiments of the invention.  
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What is claimed is: 

1. A compound having the following formula: 

z 

X R1 

N 

wherein 

X is CH; 

R' is -CH 3; and 

Z is heteroaryl, heterocyclyl, or NR3R4 ; 

R3 and R4 are independently H, C 1 .3 alkyl, C 1.3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

2. A compound according to claim 1, wherein the compound does not comprise one or more 

halogen atoms.  

3. A compound according to claim 1, wherein the compound has the following formula: 

z 

x 

4. A compound according to claim 1 or claim 2, wherein Z is heterocyclyl.  

5. A compound according to any one of claims 1 to 4, wherein Z is morpholin-1-yl.  

6. A compound according to any one of claims I to 5, wherein the compound has the 

following formula: 
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N 

N 

CH3, 

7. A compound according to claim 1 or 2, wherein R3 is H and R4 is unsubstituted phenyl.  

8. A compound according to any one of claims 1, 2 or 7, wherein the compound has the 

following formula: 

a~NH 

N 

CH3.  

9. A method of treating or preventing a neurodegenerative disease or a myodegenerative 

disease in a subject, comprising administering to the subject with the neurodegenerative disease of 

the central nervous system or the myodegenerative disease, or at risk for developing the 

neurodegenerative disease of the central nervous system or the myodegenerative disease, an 

effective amount of a compound having the following formula: 

z 

N 
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wherein, 

X is CH; 

R1 -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C1-3 alkyl, C1-3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

10. Use of a compound having the following formula: 

z 

S __ X R1 

N 

wherein, 

X is CH; 

R 1 -CH3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C1-3 alkyl, C1-3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof, 

in the manufacture of a medicament for treating or preventing a neurodegenerative disease or a 

myodegenerative disease in a subject in need thereof.  

11. A method or use according to claim 9 or 10, wherein the compound has the following 

formula: 

N 

N 

CH3.  
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12. A method or use according to claim 9 or 10, wherein the compound has the following 

formula: 

NH 

N 

6aix -CH3, 

13. A method or use according to any one of claims 9 to 12, wherein the compound crosses 

the blood brain barrier.  

14. A method or use according to any one of claims 9 to 13, wherein the central nervous 

system neurodegenerative disease is selected from the group consisting of Amoytrophic Lateral 

Sclerosis, Alzheimer's Disease, Parkinson's Disease, Huntington's Disease, Mild Cognitive 

Impairment, an c-Synucleinopathy and a Taupathy.  

15. A method according to any one of claims 9 to 14, wherein the compound is administered 

systemically.  

16. A method according to claim 15, wherein the compound is administered orally.  

17. A method according to any one of claims 9 or 11 to 16, wherein the compound is 

administered at a dosage of 10 mg/kg or less.  

18. A method according to any one of claims 9 or 11 to 17, wherein the compound is 

administered at a dosage of 5 mg/kg or less.  

19. A method according to any one of claims 9 or 11 to 18, wherein the compound is 

administered at a dosage of 2.5 mg/kg or less.  

20. A method according to any one of claims 9 or 11 to 19, wherein the compound is 

administered daily.  
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21. A method according to any one of claims 9 or 11 to 20, wherein the compound is in a 

pharmaceutical composition.  

22. A method according to any one of claims 9 or 11 to 21, further comprising administering 

a second therapeutic agent to the subject.  

23. A method according to claim 22, wherein the second therapeutic agent is selected from 

the group consisting of levadopa, a dopamine agonist, an anticholinergic agent, a monoamine 

oxidase inhibitor, a COMT inhibitor, amantadine, donepezil, memantine, risperidone, 

rivastigmine, an NMDA antagonist, an acetylcholinesterase inhibitor, a cholinesterase inhibitor, 

riluzole, an anti-psychotic agent, an antidepressant, and tetrabenazine.  

24. A method of inhibiting or preventing toxic protein aggregation in a neuron comprising 

contacting the neuron with an effective amount of a composition comprising a compound having 

the following formula: 

z 

X R1 

N 

wherein, 

X is CH; 

R 1 is -CH 3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C1-3 alkyl, C1-3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

25. Use of a compound having the following formula: 

z 

X R1 

N 
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wherein, 

X is CH; 

R' -CH 3; and 

Z is heteroaryl, heterocyclyl, or NR3R4; 

R3 and R4 are independently H, C 1 .3 alkyl, C 1.3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof, 

in the manufacture of a medicament for inhibiting or preventing toxic protein aggregation in a 

neuron in a subject in need thereof.  

26. A method or use according to claim 24 or 25, wherein the compound has the following 

formula: 

0 

N 

s 

N 

CH3, 

27. A method or use according to claim 24 or 25, wherein the compound has the following 

formula: 

NH 

N 

/-CH3, 

28. A method or use according to any one of claims 24 to 27, wherein the protein is selected 

from the group consisting of an amyloidogenic protein, alpha-synuclein, tau and TDP-43.  
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29. A method according to any one of claims 24 or 26 to 28, wherein the contacting is 

performed in vitro.  

30. A method according to any one of claims 24 or 25 to 28, wherein the contacting is 

performed in vivo.  

31. A method of treating or preventing a lysosomal storage disease (LSD) in a subject, 

comprising administering to the subject having the LSD an effective amount of a compound 

having the following formula: 

z 

X R1 

N 

wherein, 

X is CH; 

R' is -CH 3; and 

Z is heteroaryl, heterocyclyl, or NR3R4 ; 

R3 and R4 are independently H, C 1 .3 alkyl, C 1 3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof.  

32. Use of a compound having the following formula: 

z 

X R 

N 

wherein, 

X is CH; 

R' -CH 3; and 

Z is heteroaryl, heterocyclyl, or NR3R4 ; 
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R3 and R4 are independently H, C 1 .3 alkyl, C 1.3 alkoxy, or unsubstituted phenyl, 

or a pharmaceutically acceptable salt thereof, 

in the manufacture of a medicament for treating or preventing a lysosomal storage disease (LSD) 

in a subject in need thereof.  

33. A method or use according to claim 31 or 32, wherein the compound has the following 

formula: 

0 

N 

s 

N 

CH3, 

34. A method or use according to claim 31 or 32, wherein the compound has the following 

formula: 

NH 

N 

CH3, 

35. A method or use according to any one of claims 31 to 34 wherein the lysosomal storage 

disease is selected from the group consisting of Hurler syndrome, Hurler-Scheie syndrome, 

Scheie syndrome, Hunter syndrome, Sanfillipo syndrome A, Sanfillipo syndrome B, Sanfillipo 

syndrome C, Sanfillipo syndrome D, Morquio syndrome A, Morquio syndrome B, Maroteaux

Lamy syndrome, Sly syndrome, Natowicz syndrome, Pseudo-Hurler polydystrophy, Tay-Sachs, 

Gaucher disease, Niemann-Pick disease, Fucosidosis, Galactosialidosis, Globoid-cell 
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leukodystrophy, GM1 Gangliosidosis, GM2 Gangliosidosis, a-Mannosidosis, Metachromatic 

leukodystrophy, Niemann-Pick AB disease and Pompe disease.  

36. A method or use according to any one of claims 31 to 35, wherein the subject is a 

pediatric subject.  

37. A method according to any one of claims 31 or 33 to 36, wherein the effective amount of 

compound inhibits or prevents toxic substance aggregation in one or more cells of the subject.  

38. A method according to claim 37, wherein the one or more cells are brain cells, cells in 

one or more peripheral tissues of the subject, or a combination thereof.  

39. A method according to claim 38, wherein the brain cells are neurons and/or glial cells.  

40. A method according to any one of claims 31 or 33 to 39, wherein the effective amount is 

less than about 10 mg/kg.  

41. A method according to any one of claims 31 or 33 to 40, further comprising 

administering a second therapeutic agent or therapy to the subject.  

42. A method according to claim 41, wherein the second therapeutic agent or therapy is 

selected from the group consisting of: enzyme replacement therapy, gene therapy, a 

hematopoietic stem cell transplant and a small molecule.  

43. A compound having the formula: 

OMe 

NH 

C1N 

or a pharmaceutically acceptable salt thereof.  

44. A compound having the formula: 
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OH 

&NH 

S 

N 
Me 

or a pharmaceutically acceptable salt thereof.  

45. A method of treating or preventing a neurodegenerative disease or a myodegenerative 

disease in a subject, comprising administering to the subject with the neurodegenerative disease 

of the central nervous system or the myodegenerative disease, or at risk for developing the 

neurodegenerative disease of the central nervous system or the myodegenerative disease,an 

effective amount of a compound according to claim 43 or 44.  

46. Use of a compound according to claim 43 or 44 in the manufacture of a medicament for 

treating or preventing a neurodegenerative disease or a myodegenerative disease in a subject in 

need thereof.  

47. A method of treating or preventing a lysosomal storage disease (LSD) in a subject, 

comprising administering to the subject having the LSD an effective amount of a compound 

according to claim 40 or 41.  

48. Use of a compound according to claim 43 or 44 in the manufacture of a medicament for 

treating or preventing a lysosomal storage disease (LSD) in a subject in need thereof.  
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