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METHODS OF TREATING OR PREVENTING A PROTEOPATHY

CROSS REFERENCE TO RELATED APPLICATIONS

woad]  This application claims the benefit of US provisional application no. 62/174,332,
filed hune 11, 2015, and U.S. provistonal apphcation no. 62/174,338, filed Jane 11, 2015,

cach of which s incorporated by reference herein in s entirety.

BACKGROUND OF THE INVENTION

moen}  The proper functioning of organs and cells within an organisu relies on the proper
function of proteins. & protein 18 a biological entity that has a primary amino acid sequence; a
secondary structure that forms protem domains and includes, most importantly, alpha helices
and beta sheets; and a tertiary structure, a result of a complex folding of the peptide chain in
three dimensions that involve the polypeptide chan backbone and anuno acid side chain
mteractions. Some proteins work in a moelti-sabuwnt complex, where the arrangement of
audtiple proteins into a quatersary structure becomes crucial for their proper funetion.

mons}  The fatlure of proteins to fold 1nto correct three-dimensional structures can lead to
diseases called proteopathies {(sometimes also referred fo as protemopathies or protem
conformational disorders}. The finhure may be due to one or more mutations i the proteins’
gene or to environimental factors such as oxidative stress, alkalosis, acidosis, pH shift and
osmotic shock. The misfolding of proteins can sometinoes lead to clompimg or aggregation
mto amyiowd plagues ot fibrils that can exacerbate a disease. Proteopathies cover a wide
spectnam of afflictions, including nearodegenerative diseases {e.g., Alzheimer’s, Parkinson’s,
polyehitamine discases, prion diseases); amyloidosis of other non-nervous svstem proteins
such as al-antitrvpsin, mununoglobulin light and heavy chatus, lactadherin, apohipoprotein,
gelsolin, tysozyvme, fibrinogen, atrial natrisretic factor, keratin, lactoferrin and beta-2
microglobulin, among others); sickle cofl discase; cataracts, cystic fibrosis; retinitis
pigmentosa; and nephrogenic diabetes fusipidus.

fpoe4d  Molecular chaperones are biological molccules that assist in proper protein folding,
protein translocation, and/or protein degradation. Examples of moleaudar chaperones include
the heat shock proteins, which are classified mito seven different families in the human
genome and mclude HSPH (Hspl 10y, HSPC (Hsp90), HSPA (Hsp70), DNAT (Hapdt)), HSPR
{small Hsp (sHsp}}, the human chaperonins HSPD/E (HSPSO/HSPIG) and COT (TRC).
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SUMMARY OF THE INVENTION

fooas]  The mvention provides methods for treating or preventing a proteopathy, comprising

administering 1o a subject in need thereof an effective amount of a compound of Formuda §

Formula |
or a pharmaceutically acceptable salt thereof,
wherein R is fluoro, chloro, 1odo, methyl, methoxy, cvano, triffuoromethyl, or
—(COINH(CHs).
janes}  The mvention also provides methods for treating or preventing a proteopathy,
comprnising admimsiering to a subject in need thereof an effective amount of 3 compound of

Formula I

Formula II

or a pharmaceutically acceptable salt thereof]

wherem Hal is —Cl, -F, -1, or —Br;
X i3 an integer ranging from 0to §;

cach By is mndependently (1, —F, -1, ~Br, -{-C5 alkyl, -0~ C~C5 alkyl, ~CN, ~(F;,
—C(OWH{CH,), or -C=CCH,0H;

v 18 an mteger rangiog from 0 to §;
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cach B, s independently ~Cl, -F, -Br, ~C-{s alkyl, -G~ $-Cq alkyl, ~ONL -CF;,
—C{OWH{CH:), or -C=CCH,OH;

Rais ~H, - -Ce allovl, «{0-Ce alkylene}-OH, {C-Cq alkyiene}-phenyl, ~(C-Cy
alkvieng)}-0O-{C-Cy atkvl}, —-Cr-Cs alkenvi, «{C-C alkviens}-CIOR,,

k‘]\ .CH3
ARG
~{Cy-Cq alkylone)-Rs,  CHs o, or :

Ry 18 ~OH, ~O~{C-Cq alkyl}, ~NH,, ~NH{C - alkyl}, ~NH{C s allyvlene-OGH,
= NH{C-Cs alkviene yN{C-Us alkvlly), ~N(C-Co ablev{{C-Co alkylene}-UN), -
N(C-Cp abky D{(C:~Cs alkylene)N(C;~Cs alkyils), -NH(C-Cs alkylene-0-C-Cs

VW NH

wn

[N
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a is an integer ranging from O to 10 ;
b is an mieger ranging from 0t § |

¢ iz an integer ranging from 0 {0 6; and

(OH) oy
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see7]  The iovention further provides methods for treating or preventing a proteopathy,
comprsing administering to a subject in need thereof an effective amount of a compound of

Formula L

Formula 1}

or a pharmaceutically acceptable salt thereof,
wheremn Hal is —-Cl, -F, -1, or —Br;
X {8 an mteger ranging from 0 to §;

cach R, v independently ~Cl, F, -f, -Br, -{,-C; alkvl, -0- C~Cs allvl, ~CN, -(F;,
—~C{ONH{CH:), or -C=CCH,0H:

Rais ~H, ~(-Ce allovl, -Gy alkylene}-OH, {C-Cq alkyiene}-phenyl, ~(C-Cq
alkviene)-0O-{C-Cy atkvl}, —-Cr-Cs alkenvi, «{C)~Co alkviene}-CIOR,,

o]
—~{C~Cs alkyiene)}-Rs, VH‘\D% ot ‘LLO :

Ry is ~OH, ~0-{C-Cq alkyh), ~NH;, ~NH{C-Cg alkvl), ~NH{C-Cs alkviene}-OH},
NH{(C-Cs alkylene)N(C-Cs alkyl)), -N(C-C alkv (T -Ce alkviene}-CN), -
N{T -G alky BT -Cy alkylene)N{T -Gy alkyl)s), ~-NEHC-Cy alkyiene}-0-(C-Cs
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s

\

Oﬂ T 0O

Ty %,

(OH), F)
ais an integer ranging from O to 1
b ts an mieger ranging from 0o §;
¢ is an integer ranging from 0 1o 6;

%O %O\ %D

. X
Rs i ) , (OH)y  gsr

gach Reand Ryis independently -H or -1, wherein at least one of Rg and
Ryis —1,

CH3 and

and wherein when Ryis ~{-C5 alkyl, Ry s ~H.

fsees]  The invention further provides methods for treating or preventing a proteopathy,
comprising adnunisiering to a subject 1n need thereof an effective amount of a compound of

Formula 1IV:
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Fomula IV

or a pharmaceutically cffective salt thereof,
wherein Rgis ~Ci-Cs alkyl
fpooe}  The invention further provides methods for treating or preventing a proteopathy,

comprising administering to a subject n need thercof an effective amount of a compound

having the stracture:

O

f HN
HN

%,

S

H
HN
)—NHH CHy

44: O ;46 Cl ; or a pharmaceutically acceptable salt thereof

foeis]  The invention still further provides methods for treating or preventing a protoopathy,
comprising administering to a subject n need thereof an effective amount of a compound

having the structure:

Cl
cly
Zar— N —\
Nay” SN NN N-CH,
112 / R
Cl CH; Br CHs
AN X
| \,N | \,N
AN N N-\? N N
114 CHs. 113 CHa. t1s: CHs .
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N
17 CHs.
126: R VAE
\,N
;
)
&'\% N
122: CHa 3 CHy . or a pharmaceutically

acceptable salt thereof

o014} The invention stlf further provides methods for treating or proventing a proteopathy,
comprising administering to a subject 1n need thereof an effective amount of a compound of

Formula V:

Fomula V

or a pharmaceutically acceptable salt thereof]
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wherein R, 18

oo ]I DL P e O

@L YOG
D?Q@ o§

Ks 150

O)\N/\ L el

\\/\(Hal)a or HsC o

Hal s ~Cl ~F, ~L, or -Br; and

andais0, 1, or2.

fse0t2) The wvention st further provides methods for treating or preventing a proteopathy,
comprsing adminstering o a subject in need thereof an effective amount of a compound of

Formula VI

Formula VI

16
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or a pharmaccutically acceptable salt thercof

wherein R is:

%
22
crrecirit

"\»‘%

kY

/k 3G

& N !
|

.

bisOorl; and

cis lor2
{ae013) The wvention sull further provides methods for treating or preventing a proteopathy,
comprising administering o a subject in need thereof an effective amount of a compound of
Formula VI
N

F{4 {
1
N ~ Nf’ N

A
CHsy

Formula VI

e,

or a pharmacoutically acceptable salt thereof,

e¥eNis)
. )
i‘;;&'f"“"‘w; A= “or N 4

o
wherein Ryis

i
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mei4] The invention sulf further provides methods for treating or preventing a proteopathy,
comprsing administering to a subject in need thereof an effective amount of a compound of

Formula X

Formula X1

or a pharmaceutically acceptable salf thereot]

wherein Rs is:

oo o S I DL P e O

28 o o B E 0

CHs 9_4
0
R S ok
. R0 *
= = / N
N N N
:“N@§ g CH3; d CHS; s‘rN\// . Q—S §-

HO  HO F__

o)
H
PUNIESS !
: : ; : A O
F F
SO oo o
9N A?N .;Q. ;N\) \)

N
oy S

. U

Re is:

12
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",

L

H e L‘l\hi? Q?

X (Hal), a: HsC O . HC

O , _ 4 <

H

Hal s ~ClL -F, -1, or -Br; and

aisd, Lor

00045] The mvention still farther provides methods for treating or proventing a proteopathy,
comprising administering 1o a subjoct it need thereof an effective amount of a compound of

Formula XIV:

Foromula XTIV

ot a pharmaceutically acceptable salt thereof,

wherein Rois:
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st
crreds

bisOorl; and

cis Lor2.

fssots} The wvention sall further provides methods for treating or preventing a proteopathy

comprising admunstering o a subject in need thereof an effective amount of a compound of
Formula XV:

i /LI

(N'“

)

t
CH;
Formula XV
ot a pharmaceutically acceptable salt thereof,

wherein Rais:

14
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B N %
oM et Aa.a
Ncl; CH; . H3C/E'27 : Nz; N‘z; HoC . "N ; = ;
s -
N 2 /S /l/f\/”“‘««
HQ‘ %li @i NVLMOT o N

H

meni?l A “Pyrazolopyvridazine compound” is: a compound of Formula L 1L HE IV, V, VI,
VI, XTH, XTIV or XV, Compound 1-35, 37-39, 42, 43, 44 45, 46, 47-97, 98123, 124qa, 124b;
or a pharmacentically acceptable salt of any of the foregoing. A Pyrazolopyndazine

compound i3 useful for treating or proventing a proteopathy.

DETAILED DESCRIPTION OF THE INVENTION
{seoi8) In one embodiment, the mvention provides Pyrazolopyridazine compounds. In a
further embodiment, the invention provides pharmaceutical compositions comprising an
cffective amount of a Pyrazolopynidazine compound and a pharmaceutically acceptable
carrier or vehicle.
o048} In still a further crabodiment, the invention provides methods for treating or
preventing a proteopathy, comprising administering to a subjoct in need thercof an effective

amount of a Pyrazolopynidazine compound.

Definitions

fpoo28}] The term "alkyl” refers to a straight or branched saturated hydrocarbon group.
Hustrative alkyi groups include ~CH;, ~-CHCH;, -CH,CHCH,, -CH{CH ),
~{CHLCHLCHLCH,,  ~CHCHCHLCH, ~CHCH{CH ), ~C{CHs ), ~CHCHLCHLCHLCHG,
~SCHCH YCH CH CH, ~CHCHRCH{CH,),, ~-CHLC(CH,)s, ~CHCH CHp UHUH,,
SCH{CH; ) CH,CHOCH,, -CHCHCH{CH ), and ~CH{UCH)C(CH:): groups.

soaz4] The torm "alkyviene” refers to an alkyvl group bonded to another atora or group.
Hustrative alkylene groups nclude ~CHa-, -CHCH,~, -CELCHLCHy -, ~C{CH; -, ~CH{CH:),
~CHCHCHRCH,-, -CH{CH Y CH,CH,-, ~CHRU(CH; -, -U{CH; 1, CHy,

~CHCH CHLCHLCH, -, -CH{CHCH, CH CH-, -CHLCHL CICH -, -CHCH(CH 3 CH,CH,
~CHCHL CHICH Y CH-, -CHLCHLCH CH CHRCH-, -CHCH Y CH CHL CHLCH -,
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~CHCHLCHC(CH -, -CHCH{CH ) CH, CHYCH, -, -CHLCHLCHL,CH(CH)CH,- and
~C{CH: pC{CH1 ), ~ groups.

poa22] The torm “alkenyl” refors to a straight or branched hvdrocarbon group having one or
more double bonds. Hhustrative alkenyl groups inchude ~-CH=CH,, -CH,CH=(CH,,

cis ~CH=CHCH;, frans ~-CH=CHCH,, -C(CH;}=CH,, ¢is -CH=CH{CH,CH;.

trans ~CH=CHCH,CH,, ofs -CH,CH=CHCH,, frans ~-CH,CH=CHCH;, -CH,CH,CH=CH;,
cis -CH=ECHCHLCHLCH,, frans ~-CH=CHCH,CHLCH,, oy -CHCHCH=CHCH;,

trans ~CHCH,CH=CHCH,, -CHCHCHCH=(CH,, ~-CH,CH=C(CHa),

cis ~CH=CHCH,CH,CH,CH;, trons -CH=CHCH,CHCHCH,,

cis ~CHRCH, CHCH=CHCH;, rans -CHCH CH,CH=CHCH,, ~-CHCHCHCH CH=CH,,
and ~CHCH,CH=C{CH;),, groups.

fpoe23] The word “about” when imumediately preceding a numerical value means a range of
plus or minus 10% of that value, ¢.g.. “about 100 mg” means 90 mg 1o 110 mg, “about 300

mg” means 270 mg to 330 mg, cte.

[00624] Abbreviations:

APCI Atmospheric Pressure Chemical Jonization

DAPI 4 6-diamidino-2-phenvlindole

DCM dichioromethang

DEAD dicthyl azodicarboxylate

DIPEA diisopropyiethyvlamine

DMEM Dulbecco’s Modified Eagle Medium

DMK dimethyiormamide

DMRO Dimethy! sultoxde

EDAC 1-(3-dimethylammopropyly-3-cthylcarbodiimide hydrochlonde
ESE Electrospray onization

ESI-TOF Electrospray onization-Time-of-Hlight

HATU 2~{7-Aza-TH-benzotnazole-1-v1)-1,1,3 3~tetramethyluronium hexafluorophosphate
HOPG 2-hydroxypyndine-N-oxide

HPLC High-performance liquid chromatography

LCMS Ligind chromatography—mass spectrometry

LDA fithium diisopropyi amide

m/z Mass-to-charge ratio

MALDE-TOF

Matrix Assisted Laser Desorption lonization-Time-~-of-flight

15
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MS Mass spectrometry

PBS phosphate-buffered saline
Rt Retention time

SDS sodiam dodecyisulfate
TFA trifluoroacetic acid

THF tetrahvdrofuran

fse028) The torm “cffective amount” means an amount of a Pyrazolopvridaznine compound or
aon-Pyrazolopyridazine compound that s offoctive to treat or provent a protoopathy in a
subject. In some embodiments, where another therapeutic or prophylactic agent is
administered prior to, subsequent to or concarrently with admimstration of a
Pyrazolopyridizae compound or non-Pyrazolopyridazine compound, the “effective amount”
is the total amount of (i) Pyrazolopyridazine compound or non-Pyrazolopyridazine compound
and (1) the other therapeutic or prophyvlactic agent that s effective to treat or prevent a
protopathy i a subject.

fsee28] The torms “proteopathy”, “protemnopathy” and “protein conformational disorder™ refer
to a discase or a disorder resulting from the misfolding of one or more proieins.

won27} The torm “protein aggregate” refers to a biological phenomenon 1n which nustolded
proteins accumulate and chonp fogether.

{08028} A “subject” s a mammal, meluding a species-rich order, ¢.g., aprnmate, such as a
human; a Rodentia species, such as a mouse, a rat or a guinea pig; a Camnivora species such
as a dog, cat, weasel, bear or seal; a non-human primate, such as a monkey, chimpanzee,
baboon or rhesus; a Chiroptera species, such as a bat; a Soricomorpha specics. such as a
shrew, mole o7 solencdon; and a Cetartiodactvia species, such as a whale. In one

embodiment, the subject i3 a human. fn another embodiment, the human 1s a human fetus.

Pyrazolopvridazineg Compounds Useful In the Present Methods

{se028) Pyrazelopvridazine Compounds of Formela §
mens} o one embodiment, the tnvention provides methods for treating or proventing a
proteopathy, comprising adnunistoring to a subject in need thereof an effective amount of a

compound of Formuda T

Py
ek
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Fomula l

or a pharmaceutically acceptable salt thereof,

wherein R s fluoro, chloro, 1odo, methvl, methoxy, cyano, trifluoromethyl, or -
{COINH{CH;).

80031} In onc embodiment, R of Formula 1 is in the para position relative to the
pyrazolopvridazino ring system. In one embodiment, R of Formula s in the meta position
relative to the pyrazolopyndazmo vng system. In one embodiment, R of Formula T1s i the

ortho position relative to the pyvrazolopyndazino ring system.

fon0azy Pyrazolopyridazine Compounds of Fermula I

fs0633] The invention also provides methods for treating or proventing a proteopathy,
comprsing administering to a subject in need thereof an effective amount of a compound of

Formula T

Formufa {1

or a pharmaceutically acceptable salt thereof,

wherein Hal is ~-CL ~F, -1, or ~-Br;
% 1s an miteger ranging from 0o 5;

each R, 1s independently —CL, -F, -1, -Br, -C,-C; alkyl, -G~ €,-Cs alkyl, —=CN, -CF;,
~C{OINH(CH,), or ~C=C0H, 0 H;

18
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v is an integer ranging from 0to 5;

gach Ry is independently ~Cl, -F, - Br, -C-Cs alkyl, -0~ Ci-C5 alkvl, ~ON, -CF;,
~COMNH(CHy), or ~{=CCH,0OH;

Ryis ~H, ~C-Cq alkyl, ~{(Ci-Cs alkylene}-OH, ~(C-Co alkviene-phenyvl,
—{C-Ce alkylone}-0~(C,-Cy alkvly, —-Cr-Cy alkenyl, —(C-Cs alkvlenc)-C{O)R,,

KLN/% e b
~{C~Ce alkyiency-Rs, CHs o, of ;

Ry is —OH, —O-(C)-Cp alkvly, -NH, -NH{C-Cs alkyl), -NH{(C-Cs alkylene}-OH),
-NH{C-Cs alkylene)N(C,-Cy alkyl)y), ~N{C-Co alkyB{{C-Cs alkylene}-CN3,
—N{C~Co, alkey DTGy alkviene)N(C-C alkyiy),

~NH¢C-Cs alkyiene}-0~(C-Cs alkyl),

v NH
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H
S
R NH
NH NH \\\\\\\
J\’\,\r \/\/ H N
H ¢}
(0]

My on
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(OH), (€N, [(N(CHa)zla
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Py
ubl"N
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N N—CHs
\ / v L

CHy H3C

"‘%N/S w
k/\(omb . I—\\(F)c :

or

> B >

a1s an integer ranging from Uto 10 |
b s an mteger ranging from 8 to § |

¢ 1s an nteger ranging from 010 6, and

26
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%N/\ My . /S
Rsis k/o i |\J\CH37 \\/\(OH)b’ or
wN/YO
N\CHa‘

jan0as) In certain embodiments, Hal 1 -Cl 1o yet another embodiment, x and v are 0.

{pe03s) In certan embodiments, xand yare O, xs 0and yis Lxns landy s 2, x s Land v
sxiwladyvis Lxsladyis2 xslandvisO, xis2andvis i, orxisZand vis 2.
pon3s} In certain embodiments, Hal s -Cland: xand vare 0, xisOand vis I xis L and v is
ZoxwwlandyisO,nislandyvisxislandvis2 xw2andyvis O, xis 2and y is L, orxis
Zandvis 2.

o037 In particular coibodiments, x is 1 and R, is in the ortho paosition relative to the
pyrazolopyndazino ring system. In certamn embodiments, x is | and R, is in the para position
relative pyvrazolopyridazine ning svstem. In further embodiments, x 18 1 and Ry is in the meta
position relative pyrazolopyridazino ring sysiom.

0838} fn particular erabodiments, v is | and R; 15 1 the ortho position relative
pyvrazolopvridazino ring system. In certan ernbodiments, v is 1 and R 15 in the para position
relative pyrazclopyridazine ring system. In furthor embodiments, v is 1 and R, is 1o the meta
position relative pyrazelopyndazing ring systom.

an038) In particular embodiments, x 15 2 and R, 18 in the ortho and meta position relative
pyrazolopynidazing ring system. In certam cmbodiments, X is 2 and R, 1510 the ortho and
para position relative pyrazolopyridazino ring svstem. In further embodiments, x 15 2 and Ry
is in the para and meta position relative pyrazolopyridazino ring systemn.

fpoas0] fn particular ewbodiments, v is 2 and Ry 15 10 the ortho and meta position relative
pyvrazolopyridazino ring system. o certain embodiments, v 18 2 and R; 1 in the ortho and
para postiion relative pyvrazolopyridazino ring svstem. In further embodiments, vis 2 and R
18 in the para and meta position relative pvrazolopyrdazmo ring sysiem,

{se041} In vet other embodiments, Ry is chloro. In certain embodiments, Ry is fluoro. In
certamm embodiments, Ry is iodo. In other embodiments, R is ~Br. In further embodiments,

R; 15 ~OCH;. Inother embodiments, R; is —~CH;. In vet other embodiments, R, is

21
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~CEONHYCH;.  In certarn embodiments, By 18 -CFz. In further embodiments, R 1s ~CN.
In additional embodmments, R, 15 ~-C=CCH,0H.

pond2} In yet other embodiments, x is 1 or 2, and R,y 15 =-Cl, -F, -L, -Br, -OCH;, -CH;,
~C{OIN(HYCH,, -CFs, ~OCN or -C=CCH0H.

08043} In yet other embodiments, Hal is -Cl, x 15 1 or 2, and R; 18 -Ci, -F, -1, -Br, -OCH;,
—CH,, ~CIONH)ICH;, ~CF;, -CN o7 -C=CCH,0H.

ase44) In vet other embodiments, Ry 15 -Cl In certain emboduments, Ry s -F. In other
embodiments, Ry is ~-Br. In further embodiments, Rz 15 ~OCH;. In other embodiments, R, is
~CH;. In vet other emboduments, By s ~CIONH)CH:. o cortain embodiments, By 15 —CF;.
T further embodiments, R 15 —CN. In additional ersbodiments, R, 15 ~C=CCHOH.

{80048} In yet other embodiments, v is 1 or 2, and Ry 15 -ClL -F, -Br, ~OCH,, -CH;,
~C{OINH)CH;, -CF;, ~CN or ~-C=CCH,OH.

{08046} In vet other embodiments, Hal s —Cl vis | or 2, and Ry 18 -Ci, -F, -Br, -OCH;,
~CH,, ~COINEHHCH;, -CF,, -CN or -{=CCH,0H.

{80047 In particular embodiments, Rz s ~H. In certan embodiments, Ry s -CHs. In further
embodiments. Rs s ~-CH,CH;. In stifl forther embodiments, Kz 18 ~-CHCH,.  In other
crabodiments, ¥z s ~CH,CH,OH. o particular embodiments, Ry is «(CHapUsHs, In other
embodiments, R; 15 ~CHC(OOH. In vet other embodiments, Ry 18 ~CHyCOWNE)CH: In
certain embodiments, By is ~CHCOWNEN{CH LN(CH: ).

In vet other embodiments, Ry s ~CHCOWEH(CH BEN{CH: ). o other embodiments, Ry
is ~CHLO(ON{CHCHLONL In particular embodiments, Ry 18 —CHC(ONH,. In certam
embodiments, Ry 18 ~CHCONE(CH,):0H). In other embodiments,

By 18 ~CHOOINEHM(CH, L OCH;), Inostall Barther embodiments, R is ~CHC(CH;),0H.
In yet other embodiments, Ry s ~CHC(OYOCH; In further cobodiments, B; s
—CHCHOOHICH:, o sl further embodiments, i s ~CHCHOH, In particular
embodiments,

22
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WVNNH

\—\_NH ~
o048y In further embodiments, By 15 ~CHC{OMR and Ry 1 / Cln

Vbb'N
other enboduments, Ry is ~-CHC{ORyand Ry s k/OA In particular coboduments, R is

s
o NH
MNH\/\/NH\H/\/\\\\\“
HN'
o ()

~CHYCOWR and Ry is . Invet other cobodiments, R; 18

%‘"N
~CHHCE R, and Ry 18 Q In certain embodiments, Ry is ~CHYCHR, and Ry 18
Mg

. /CH3
N/ﬁ b
k/o, o other eotbodiments, Rz 18 ~CHHYCOR and Ry 18 N\CHa, in
%N
S\=O
particular embodiments, Rz s ~CHC(O)Rsand Ry s N vet other embodiments,

L
Rz 18 ~CHyCEMR, and Ry is on. I gertain embodiments, Ry 15 ~-CHOOWR and Ry

N

&
18 v In other embodmments, Rz 1 ~CHLOC{R and Ry 18 Cn
%N
O\ ~t

particalar embodiments, Ry 15 ~CHC{OIRand Ry 18 lHa . In vet other

cmbodiments,

%

HN

N~cn . . . ~ N
Rz 15 -~-CHyCIOMR  and Ry is \Q °. In certain embodiments, Ry s ~CHYC(OR and

HN"JJ
,

HsC N F
Ryis \b In other embodiments, Rzis ~CHC{OWRand Ry 18 \:><F . In particular

%@
. . ~ ~ . . N . -
embodiments, Ry 18 ~CHCOR and Ry s Sene, In vet other embodiments, Ry s -
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Q

N

CHYCIOR and Ry 18 \CHa‘ In certain embodiments, Ry 15 ~CHC(O)Rsand Ry s

. o

N—CHJ K/
. In other embodiments, Ry is ~CHC{O) R and Ry is " In
0,

N

particular erobodiments. R; s ~CHC{ORand Ry 18 on. in yet other crabodiments, R

HN

OH

1s ~CHOYCO)R and Ry s HoC . In certain embodiments, Ry is —

HN:

oK

CHCOMRyand Ry s HoC . Inother cmbodiments, Ry s ~CHYC{OHRyand Ry s

" O

D . In particular embodiments, R; 18 ~CHC{OR and Ry s 2 . In vet other

%Q
is ~CH,C(O)R, and Ry is :

"LL'N
=
Rz s ~CHLCO)Rsand Ry is Fo . In other embodiments, B 18 ~CHyCO(OWR: and Ry 18

SN

"Lb‘

cmbodiments, Rs . In certain embodiments,

\ . In further embodiments of the nvention, Ry s -CHC{OMR, and Ry 18

. In certain cmbodiments of the invention, Ry 15 ~CHC{O)R, and Ry s

/\
VY
O,

0,
N,
\s/ N
// \o ) . . oy e . k/N CF3
0 . In other embodiments, R i3 ~CHU{OR; and Ry 8 ~
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In further embodiments, Ry s ~CHO{OR  and Ry s CH:  In further

VLL‘N /ﬁ
g
embodiments, R; s ~-CH;C{ORy and Ryis .

N
{08048} In particular coboduments, Ry 5 {TH 1 Rs and Rs i k/o In yet other

""\..N/\
embodiments, Ry 18 ~{CH Ry and Ry s Sew, In eertain embodiments, Rz is ~
A,

N

M,

{CH R and Rs is on. It other erabodiments, nvention, Ba s —{CH R and Rs s
%N/\]/O

k/”\ws‘
[poess] In some embodiments, a is an integer ranging from 0 to 5. In some embodiments, b is

an integer ranging from 0¥o 4. In somc embodiments, ¢ is an tteger ranging from 0 to 6.

poasi] Hustrative Pyrazolopynidazine Compounds of Formula I
fpoes2} In certain embodiments the Pyrazolopyndazine compound of Formula I has the

structure:
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104:

110,

or a pharmaceutically acceptable salt thereof

poess) Pyrazelopyridazine Compounds of Formula 11

soas4] The invention additionally provides methods for treating or preventing a proteopathy,
comprising adnunistering to a subject i need thereof an effective amount of a compound of

Formula HI:

L2
(53
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R3

Formula @i

or a pharmaceutically acceptable salt thereof,
wherein Hal 1¢ -ClL -F, -f, or -Br;
X is an wteger ranging from O1o 5;

each Ry 18 independently ~Cl, -F, -1, -Br, ~C-{5 alkyl, -0~ C-Cs alkyi, ~CN, ~CF;,
~C{OINE(CH,), or -C=CCH,0H;

Rats —H, —C-Cq alkyl, «(C-Cs alkyiene}-OH, —{C-Cy alkylene-phenyl, —(C;-Co
alkviene}-0-~{C,-Cq alkyly, —Cy-Ce alkenyl, «{C-Ce alkviene}-C{OR,,

o}
—{C-Cs alkylenc)-Rs, ﬁ, or b :

Ry 15 —OH, -0~ -Cy alkyl), -NH,, -NH{C,-Cy alkevl), -NH{{C-Cy alkylene)-GH),
NH{C~Cq alkviene)N{C,-Cq alkylhy, —N(C~Cy alkyD{{C1-Cy alkviene}-CN), -
N{C-Cg allkyB{{C~Cg alkylene IN{C-Cg atkylh), ~NH(C-Ce alkviene)- 0T

wVnrNH

.’LL,N
S O

alkyl), -0 CHs
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CH,3
H
S
\ NH
NH NH \\\\\\‘
Y ~ H N
H o]
(@]
%""NH
/CH3
Many “n,

Om@@

(OH)a (CN)s | [N(CHs)ala

a %h@
HN
N N
\Q \CH3 b 7™, ) \CH3,
%N
T n ©
N /N—CH;, k/ k/

\ (o] NH

CHs HsC
My ,

(OH), I—\\<F>c ;

, of
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a iz an integer rapging from 0 o 10;
b i3 an integer ranging from 0to §;

¢ 18 an integer rangmg from 0 to 6;

N, %N N, " ©

N Y
0 N \\/ N
R5 18 . CH, (OH)b" oF CHs

>

=

wherein cach Ry and Ry is mdependently —H or —L, wherein at least one of Rq, and
Rois L

and wherein when Ry —C-C5 atkyvl, Ry s -H.

{oa0s5] In corfain embodimenis, one Rq in the ortho position relative to the
pyvrazolopvridazino ring system is todo and the reraming Re and R; groups are hydrogen. In
other embodiments, one Rg in the para position refative to the pyrazolopyridazine ring system
is iodo and the remaining Ry and R; groups are hydrogen. In further embodiments, one Ren
the ortho position relative to the pyvrazolopyridazine ring system and one Rg in the para
position relative to the pyvrazolopyndazino ring system are 10do and the remaiming Reand Ry
groups are hvdrogen. In further embodiments, the two Re groups in the ortho positions
refative to the pyrazolopyridazing ring system and onc R in the para position relative to the
pyrazolopvridazino ting system are 1odo and the remaining Re and R, groups are hydrogen.
In further embodiments, the two Rs groaps n the para posttions refative to the
pyrazolopyridazino ring systom and one Rein the ortho position relative to the
pyrazolopyridazino ring system are ado and the remaiming B and Ry are hydrogen. In
certain embodiments, all Rg groups are jodo and Ry 18 hvdrogen.  In vet further embodiments,
Ryis 18 iodo and the Ry groups are hydrogen.

seess} In a particular embodiment, one Ry in the para position refative to the
pyrazolopvridazino ring system is 1odo and Ry 1s —~CH;s,

o057} In certam cmbodiments, Hal s «Cl In vet another emmbodiment, x 13 0. In another
embodiment, < is 1. In a certain embodiments, x 18 2.

[p0ess] In particular cobodiments, x 15 | and R, is in the ortho position relative to the

pyrazolopyridazing ring systom. In certan embodiments, x 15 1 and R, 18 in the para position
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refative pyrazolopyridazino ring svstem. o further embodiments, x 15 1 and Ry is i the meta
position relative pyrazolopyridazino ring sysion,

ponsg} In particular embodiments, x is 2 and R, 15 1n the ortho and meta position relative
pyvrazolopyridazino ring systerm. In certamn embodiments, x 18 2 and R, 15 in the ortho and
para posttion relative pyrazolopyridazino ring system. In further embodiments, x 15 2 and R,
is it the para and meta position relative pyrazolopyridazing ring svstem.

poess) In vet other embodiments, Ry 15 -Cl In certain emboduments, Ry 1s -F. In certain
embodiments, Ry is -1, In further embodiments, Ry is ~OCH;. In other embodiments, Ry i
~CH;. In vet other emboduments, By s ~CIONEH)CH:.  In certain emobodiments, R; 18 -CFs.
To further embodiments, Ry 15 ~CN. In addiional emsbodiments, Ry 15 -C=CCHO0HL

fpons1} In yet other embodiments, x 18 1 or 2, and R, 15 -Cl, -F, -Br, -1, ~-OCH,, -CH;,
~C{OIN(HYCH;, -CF;5, ~CN or -C=CCH,0H.

paos2] In vet other embodiments, Hal s -Cl, x5 1 or 2, and R; s -Ci, -F, -Br, -}, -OCH;,
=CH,, ~CONEHHCH;, -CF,, —CON or -C=CCH,0H.

fee063) In particular embodiments, Rz s —H. In certamn embodiments, Ry s -CHs. In further
embodiments. Rs s ~-CH,CH;. In stifl forther embodiments, Kz 18 ~-CHCH,.  In other
crabodiments, ¥z s ~CH,CH,OH. o particular embodiments, Ry is «(CHapUsHs, In other
embodiments, R; 15 ~CHC(OOH. In vet other embodiments, Ry 18 ~CHyCOWNE)CH: In
certain embodiments, By is ~CH,CIOIN{HY{CH, 1pN({CHs),). In vet other embodiments, Rs
is ~CHRCOIN{HCHN(CH: ). In other embodiments, Rs 5-CHCIOIN{CHOCH,CN
In particular embodiments, Rs 1s ~CHCONH,. In certain embodiments,

Ry is ~CH,OOINEH(CH, ), OH). In other embodiments, Ry is
~CHyCONHK(CH)0CH:). In still further embodiments, B 18 ~CHOCH: 3, GH. o vet
other enbodiments, Ry is ~CHC(GYOCH; In further ermbodiments, R 1s ~CH,CH{OHCH;.
o still further embodiments, Ra 1s —=CHCH,OHL In particular erobodiments, Rs is

~CH({CHACH,OH.

WVAANH

fososd} In further embodiments, Rs s ~CHC{O)R and Ry is d Cdn
%N

other embodiments, Ry is ~CHC{ORyand Ry s \\/O‘ In particular erobodiments, R;

(]
~
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S
NG P NHW\““‘\“‘Q:Q
] HN' o

18 ~CHC(OIR and Ry 18 . In vet other embodiments, Ry

""‘"N
18 ~CHyCO R and Ry is Q In certaim cmbodiments, Rz 1s ~-CHyCORs and Ry is
Ty

\_\ ™
\
O LO{OR and Ry is b\ in

° . In other embodiments, R; is ~{H
T,

N
S==0

particular embodiments, By 15 ~CHC{OR and By is \\o . I yet other embodiments,

L
By 5 -CHO{OR and Ry 1s on. T cortain embodiments, Ry is ~CH,C(GRand By

N

P
%N/\(j who//
is v In other embodiments, R 13 ~-CHO{OW and Ry s In
%N
O\ .

particular erbodiments, Ry s ~CHC{OR and Ry 18 lHa . Inyet other

embodmments, Ry

%

HN

is ~CH; C{ORand Ry s \ON\CH°. in cortain embodiments, Ry 18 ~-CHC(OMWR and By
P

HN'

5 o
is . In other embodimenis, Rz 18 ~CHCOWR and Ryas ¢+ . In partcular

%P@
> N v . N . .
embodiments, By 18 ~CHC{OR and Ry s Sere i yet other embodiments, Rs

Q

s ~CHRCO)R and Ry 18 o in certamn embodimenis, Ry 18 ~CHO{OWR and By 18

NQ . /Y

o . In other embodiments, Rz is ~CHC(OIR  and Ry is k/NH cIn

38
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Z

particular embodiments, By s ~CHC{OMWR and By is on. In yet other embodiments, B

HN
OH

is ~CHC{ORand Ry s HaC . In certain embodiments, Ry s~

mlIOH

CHC{O) Ry and Rus HoC . In other embodiments, Ry s ~CHCOOR s and Rass

“LL’N
a )
Q . In particular embodiments, Ry 15 —CHYC(OMR and Ry 18 P yet other

ambodiments, R;

%Q
g ~CHRC{O) R and Ry 18

v . Incortam embodiments, Ry 5 ~-CHyC(ORand Ry 18

HDT | %“O .

. In other embodiments, Ry 18 ~CHOOR and Ry i cHs - In further

)

N

k/ ch
D

embodiments of the nvention, Ry 1 ~CHy;C(OR and Ry s CHy | In certain
N
CH,
N\S /
. . “ s o “ VA
cmbodiments of the invention, Ry is ~CHC{OMR, and Ry 18 0 . In other

""IAN/\|
N

embodiments, By is ~-CH.C{OR, and Ry is k/
V"L\N/\‘
(A

is ~CHRC(OR, and Ryis CHs  In further embodiments, Rs is ~CHCOR, and

CF; . .
N7 In farther embodiments, Ry

3%
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M,

N
fseoss] In particular embodiments, Bs 19 —{(CH; R and Rs 18 k/o In vet other

%N/\
embodiments, Ry 18 <{(CHLRs and Rs 15 K/N\
N,

N

o 10 cortain embodiments, Ry 1 —

{(CH,; ) Rs and Ry is on. In other embodiments, invention, Rs is ~{CH1Rs and R 13
%N/\]/"
k/”\%,
jan0ss] In some embodiments, a is an mteger ranging from 0 to 5. fn some ernbodiments, b is
an integer ranging from Oto 4. In some embodiments, ¢ is an mteger ranging from § {0 6.
mens?] In cortam embodimenis, the compound of Formula I is Compound 3, which has the

structure:

3

or a pharmaceutically acceptable salt thereof

fonss} Pyrazelopvridazine Compounds of Formula IV

paoss] The mvention additionally provides methods for treating or preventing a proteopathy,
comprising administering 1o a subject i need thereof an effective amount of a compound of

Formula TV:

Formula IV

or a pharmaccutically acceptable salt thereof]

wherein Rgis ~{-Cs alkyl

40
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fseere} In cortain embodiments of the mvention, Ry is ~CHs, in vet further embodiments of
the mvention, Ry is ~CHCH. In other embodiments of the ovention, Ry s ~-CH,CH,CH;.
o other embodiments of the mvention, Ry s ~CH{CH: ).

fooe7i} In certain embodiments, the compound of Formala IV s Compound 43, wihich has the

structure:

or a pharmaceuntically acceptable salt thereof.

on072) Pyrazolepyridazine Compounds of Formula V

806731 The tnvention farther provides methods for treating or proventing a protoopathy,
comprising adnunistering to a subject m need thereof an effective amount of a compound of

Formula V:

Fomula V

or a pharmaceutically acceptable salt thereof,

wherein R, is
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o JO o DL P e O

@L ey s el
HD?;Q@% A

Rg is

)-Z yZ

CHj .

O)\N/\ L 0

\\/\(Hal)a; orHsC’ “o

Hal s -CL -F, -1, or -Br; and

ais 0 1 or2.

menv4l  In particular embodimends, Ry is -1 In other embodiments, Ry 18 —H. o yet other

smbodiments, R; 1s —~CH;y. In certain embodunents, Ry 1s —-CFs.

HJJQD J_,Di CH3
{00075} In yet other embodiments, R, 18 . In certain embodiments, Ry 18 O

=

2 )
N ¥ty : J""J\N .Iﬂ

o st further embodiments, Ry 18 . In particular embodiments, R 15

other embodimenis, Ry is ¢ . In yet other embodiments, R, is o : . In certain

42
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A\

N
-
G

-

Ha  In particular embodiments, Ry is . In certam
CH,

/

/N\
,:L N=CHa ‘_,:':/7 7
. . S . . .
embodiments, Ry is . Inostill further embodiments, R, is Cdn

ambodiments, B is

. " . NH
other emboduments, R is

CF3

7\
. &
. . == . . . N
{oe7s} In yet other embodimenis, R, 18 . In certain embodiments, R is .
CHj

=T
) \_s

To still further embodumnents, Ry s . In other embodiments, Ry s . In

O
=N
N
\ _/~cF, § O
particular erobodiments, R, is . o further emboduments, Ry s CIn

0
stll further embodiments, Ry 1
o077} In certain embodiments, R; 18 —H.  In vet other embodiments, R 1s OH In
,
O

NH -

L

H;C-N NTY
C \Q(Hal)a .

particular embodiments, Rp 15 Hs | 1n vet other embodiments, R, is

“HLL

N

X
In further embodiments, Rs g - (Hal), ca= 1, and Hal 15 ~F.
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{0678 In cortain embodiments, R; ig F . inostill further embodiments, Rs is
. ”‘%\
\ .
@ Cr
“CHs F

Iv particular embodienis, Ry s

) oy

. In other embodiments, K,

NTY ©

1S (Haha iy vet other embodiments, ®; 13 F . In certain embodiments, Ro

"HLS//O

N

is H;C O‘

weoerel  In Durther embodiments, when a s 2, cach Hal is the same or different.

feenss}  In certain embodiments the compound of Formula V hag the stracture:
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Vv
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Vbb:

; Veo Hs o Vdd:

Vee: >
Cl CH,
X
I \,N
N ~ N/ ;
Vhh: OH

pharmaceutically acceptable salt thereof

fonstl  Pyvrazelopyridazine Compounds of Formula Vi

£
~k
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sees2]  The wvention also provides methods for treating or preventing a proteopathy,
comprising administering to a subject in need thereof an effective amount of a compound of

Formula VI

Foroula Vi
ot a pharmaceutically acceptable salt thereof,

wherein Rjis

bisOorl; and

cis lor?.

p0es3] In particular cobodiments, b is 0. Inother cmobodiments b is | and the —F s inthe
meta position relative to the pyrazolopyridazing ring system. In yvet other embodiments bis 1

and the ~F is in the para position relative to the pyrazolopyridazino ring system.

48
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My

H3C\ /g
N7\
=

{0e084} In particular embodiments Rz 15 ~CFy. In certain embodiments Rz is N In
"‘LLI\ 0 ",
0 C
, ‘ , : N s
other embodiments Rs is . In yet other embodiments R is =/ . In further

embodiments Ry is  CH2F | In sl further embodiments Ry is ilQ In particolar

;\CC\Ha
embodiments Rais (O

“n,
TN
N\'\{ / /'[il
fonessy In other emboduments Ry is CHy  fy vet other embodiments Rzis 07 | In
“u,

-

O
certain embodiments Ry is A In further embodiments R is o In further

embodiments Rzis

Ty,
» - » CH,F ; i CHs
foese] In certain enbodiments Rais 2" in other embodiments By is 0 Cn
N = |
. . N o . N .
vet gther embodiments Ry is N7 In further embodiments Ry is N° . In stilf further
Ty,
=~ N I\ -0
embodiments Ryfs X~ In particular crobodiments Ry is HC O
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*
N
I
(ons?) In cortain embodiments Ry is
N
o
“
T,
.

In particufar

N

\\(

embodiments Rs1s F | In other embodiments ;s
N

L,
Q.

yet other embodiments Ryis

a

Y,

“\\\ e

N\/}V—F HN ”\%
fone88] In cortain embodiments Ry is F . Inother embodiments Riis N n

[

h
I
f %
Ny
vet other embodiments Ryis M
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fseess) In certain embodimenis the compound of Formuola V1 has the structure:

N
\ (
N \_O
W Y
Via: N Vib: :

51
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o

s Viwe

>

Viv:

>

Viu:
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Vix: , Viv:

pharmaceutically acceptable salt thereof.

onss  Pyrazelopyridazine Compounds of Formula VH

paoat]  The mvention additionally provides methods for treating or proventing a
proteopathy, comprising admimistening o a subject in need thereof an effective amount of 3

compound of Formala Vit

Cl
R
o
\N '\1\
CHs
Formula VI

or a pharmaceutically acceptable salt thereof]
== =
; . S\~ Ny |
wherein Ryis 4 ; ,OF .

o089z} In certain embodiments Ryis 2. In particular embodiments Ry is Cdn

= =
| s . e
other erabodiments Rais . In yet other embodiments Rais X .

anoe3) In certain embodiments the compound of Formula VI has the structure:

(¥4
(53
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cl = Cl
S
| =

X AN
O X
, P
N~ N N7 N
Vila CHy CHa

Vild: or a phatmaceutically acceptable salt thereof

{poead]  Pyrazolopvridazine Compounds of Formula Xilk

sees8]  The nvention further provides methods for treating or preventing a proteapathy,
comprising adminisiering to a subject 1n need thereof an effective amount of a compound of

Formula XH

Formmula X1

or a pharmaceutically acceptable salt thereof,

wherein Rs i

oo K3 I O LD P e O

lx\?H @ HLN CHS Jo r" C #O
\\ CHy Q—(N /\Op ;
O S 0o
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H,C
=z 3 = N
= =z = AN A
Q :*N { N { \//N (> NQ S——\ g

é@ r

Do s

" % H‘\\ HSC—N\§ f\\l;\\(Hal)a; N()\l\ | N\er

H; CHS; OH - CH3 )

;‘1@11@“@@)

N
Q(Hal)a H3C O H3C . CH3: CH3 R

Hal is ~Cl ~F. -1, or -Br; and

ais & 1, or2.
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fseess]  In particular embodiments, Rs is -1 In other embodiments, Rs1s~H. o yet other

cmbodiments, Rs is -CH;. In certain embodiments, Rs s ~CFs.

(0]
foener}  In vet other embodiments, Rs s . In certain embodiments, R is

Lo 0

O . Inostill further embodiments, Ry g < N . In particular embodiments, Rs 18
=
) o p s
N™ | in other embodiments, Rsis . In yet other embodiments, Rs 15 CIn

O
| A
"
certamn embodiments, Rs 18 CHy 1 particuiar embodiments, Rs is . In certain
_N dCH3
HI‘L/N_CH3 =/_
embodiments, Rs s . I ostill further embodiments, Rs s s !
\
. ) . NH
other embodiments, Rs is
CF4
7z
N | N
. . = . . . N
foonesy  In vet other embodiments, Rsis . In certarn embodiments, Rs 18
~ CH3
) N\ S
. Instill fother embodiments, R is . In other ernbodiments, Ks is e
O
\_/~cr, § O
particular embodiments, Rs s . In further embodiments, Ry i Cin
O

still further embodiments, Rs i
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=
N7
weesdl  In certan cmbodiments, Rsis & . In further embodiments, Rs is
= H3C =
N~ N/
sj - . :r . .
CHs 1y further embodiments, Rs is CHs 1 other embodiments, Rs is
= = N
h Y Y
N~Z ‘ . N~N A ‘ “ ,;}‘ S
s . 1o vet other crubodiments, Rsis & . In particular embodiments, Rs is
N

JS\’ 2
wonteny  In further embodiments, Rsis . o stll further conbodiments, Rs s
O,

AN

N
”@ }J
ontety  In certain embodiments, Rs is . In other embodiments, Rs is o ovet

N
HN S NAS

other embodiments, Rs is . I particular embodiments, Rs is f}’J

HO HO
mosiezy  In fther embodiments, Ry is ¢  Instifl further embodiments, Rsis ¢
HO F
O J
008102y In certain embodiments, Ry is ¢ . In other embodiments, Reis ¢ CInvet
F %
{3 e
other embodiments, Rsis ¢ . In particelar esvbodiments, Rs is $
pogied]  In further embodiments, Rsis & . In sl further embodiments, Ry is

OH

(¥
~k
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CHs
S
o S
foontes)  In certain embodiments, Ry is &
1
N/\
000408] In certain cmbodiments, Ry is M3 In further embodiments, R is (Hal),

and a =0 In other embodiments, the Pyrazolopyridazine compound of Fornwla Xl s a
H

HCO,
phamaceutically acceptable salt and Ry s . o vet other embodiments, the

Pyrazolopyridazine compound of Formula XHI 18 a phammaceuntically acceptable salt and Re

H
HCO,
18 . In particular embodiments, the Pyvrazolopvridazine compound of Forroula
H
HCO5"
X HE 15 a pharmaceutically acceptable salt and Re 13 . In certamn embodiments,

the Pyrazolopyridazine compound of Formula X is a pharmaceutically acceptable salt and

H

HCO,
Reis @ n further embodiments, the Pyrazolopyridazine compound of Formnila
H
@ HCO,
X 15 a pharmaceutically acceptable salt and Re 1s . In other embodiments, the
Pyrazolopyridazine compound of Formula XHI s a pharmaceutically acceptable salt and R

H

N

H 3
(@)
is . In certamn embodiments, Rq 18 . In further embodiments, Ry is
H
@ . In particular embodiments, Ry is @ .
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%E\\ff\N
/NJ
. Inostitf further embodiments, RBe is

woets7) 1o further cnbodiments, Rg is HC
%,

LD
oN
CHs 1 certain embodiments, Bg1s

O\
CHs Iy other embodiments, Ry is

N

0 \
HN

. In particolar embodiments, Re 18

H

o)
In vet other embodiments, Rg is

CH;
“LLL

0
. In further embodiments, Rg 18 o ostull further emboduments, Rg 1

"
H

. In ather ermbodiments, Rg is

oaios] In certamn ernbodiments, Rqis
foontes) In further embodiments, when as 2, each Hal is the same or different.

o110} To certain embodiments the compound of Formula XIH has the structare:

XHib:
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¥ille: © Xille: CHs
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Xith:

peiift Hs . Xifik:
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N
Xiiis: CHs
Xiffv: Ha.
Xifly: . or a pharmaceutically

acceptable salt thereof,
[a00414]  In other embodiments, the Pyvrazolopyndazine compound of Formula Xl s a

pharmaceuatically acceptable salt and has the stnseture:
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o012 Pyrazolopyridazine Compounds of Formula XIV
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o08113] The imvention also provides methods for treating or preventing a proteopathy,
p g£01p g \

comprising admimstering to a subject in need thereof an effective amount of 3 compound of

Formula XIV:

7N
’( = Cl .:jl'\l\\g:)b
N E

Formula X1V
or a pharmaceutically acceptable salt thereof]

wherein Ry i

N T,
N L\ . N .
S L L ",
LA Ny JSf:O
Eo e/t HET O
“ W
J'L,'\ ‘7-1_{’ ZI\ O / /‘\\> H?‘y?
N Ay 1Y A
Lo . CHF A L/O;
Y
Y
X, o, A o
o~ il B,
~ FHaCo L P e 2,
%5\* sk mels L ‘7
O"J . = - CHCS; \'\5"‘; L‘?"’N; . ‘:‘;3’ GF,
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cisior2.

foeni14)  In particular embodiments, bis 0. In other embodiments b is 1 and the —F 8 in the
meta position relative to the pyrazolopyridazinoe ring system. In yet other embodimenis b is 1

and the —F 15 in the para position relative to the pyrazolopyridazino ring system.

fpond15]  In particular embodiments Ry 18 ~CFs. In cortamn embodiments Ry is N In

> .
: : . . N
other emmbodiments Ry is . In vet other embodiments Ry is =/ In further

crubodiments Ry is CF3 . fn still further smbodiments R-is D in particular
S

K@Hs
embodiments Ry is (O

~

N
. . g
. In vet other embodiments Ry s O™  In

,

T,
(\g V?L
N %

N
oontis]  In other embodiments Ry CHs

B

O
certamn embodiments Ryt A In further embodiments Ry is . In further

cmbodiments Ry 1s
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Y,
g . . R MR \ . S j" \CH(’:
weet17]  In certain crabodiments Bo i CHaF 1 other embodiments Rois Q .

"l.b!’

) )

. . . . : . S
In yet other embodimenis Ryis L‘/ N In further embodiments Rryis N Inostill further

”1 kll},
= N L\ -«'.f—o

A

i
embodiments Ry s K"“/ . In particelar embodiments Ry s G0

“ : SN
{o0611s)  In certain embodiments Ry g S I farther embodiments Ry s
My,
t\ -
W —

F . In particular

embodiments Ry is TWhande=2. Invet

o3

other emboduments Rqis F
o T,
L j
E\{/ F HN T
{o06118)  In certain embodiments Ry s F . In other embodiments Ry is N In
Ty
"
P LN
Ny Ny
vet other embodiments Ryis M | Inovet other embodiments R is (S .

[poe420] o cortain embodiments the compound of Formula X1V has the structure:
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fponizt] Pyrazeolopyridazine Compounds of Formula XV

or a4 pharmaceatically acceptable salt thereof.
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posize) The invention also provides methods for treating or preventing a proteopathy,

comprnsing admimstering to a subject 1n need thereof an effective amount of a compound of

Formula XV:

Cl
Re

|
N.

N

’

;
B
<\"!
CH3
Formula XV

AN
pZ

N

or a pharmaceutically acceptable salt thereof]

wherem Rgis:

B \ y
ol e go . Aa.a
N"; CHs | H3CQ : N“; N“‘; He Ny N
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\ N

{p00125] In particular embodiments Rg 18 % In certain embodiments Ryis O3 In

N
e ¢
other embodiments Rgig MG ¢ . In vet other embodiments Rgis %, In further

embodiments Rgis % i still fusther embodiments Ryis HeC . In particular

7
@

, ~ HN
embodiments Rgis .

7
~ N /
o024 In particular embodimends Ry is . In certain embodiments Rgis .

(\s
=

S
1
I other embodiments Rgis . In vet other embodiments Rgis . b further

/I
V/
N/S q

—
embodiments Rgis \/LLL In siill further embodiments Rgis © H

poni2s]  In certain erebodiments the compound of Formula XV has the structure:
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XVa:

XVd:

58



WO 2016/201266 PCT/US2016/036945

N
\
C

XYV Ha: ora pharmaceutically acceptable salt thereof,

woni2s] Other Pvrazolopvridazine Compounds

{00427 The mvention additionally provides methods for treating or preventing a
proteopathy, comprising admimistering o a subject in need thereof an effective amount of a

corpound having the structure:

0
N/
o NH
,, D)
e
HN
)—-NHH Q\CHa
44 46 &
Cl
cl
NN
s | N
N \,Nx N‘N/ N
3 N  N-CH \
12 NT N s CHs.
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Gl cH, Br CH,
X X
| \/N | \/N ’
NN NN N
114: CHs. 113 CHs. 114 CHs .
F
Cl ch, cl
T XN
N ’NH N| P> 'N
NN N NN
17 CHs. 118 CHs - 119 CHs,
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124h © . oraphamaceutically acceptable salt

thereof,

ooz Non-Pyrazelopvridazine Compounds

moni2s] A compound or pharmaceutically acceptable salt of the compound of Table 1 below

1s a non-Pyrazolopyvridazine compound.
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08128]  In one embodiment, the 1nvention provides non-Pyrazolopyridazine compounds. In

a further embodiment, the invention provides pharmaceutical compositions comprising an

effective amount of a non-Pyrazolopyridazine compound and a pharmaceutically acceptable

carrier or vehicle.

fpoe431] The rovention additionally provides methods for treating or proventing a

proteopathy, comprising adratrustering to a subjoct in peed thercof an effective amount of a

non-Pyrazolopyndazine compound.

Table . Non-Pyrazolopyridazine compomunds

#
125 NH_"
126
OH
OH
o890
HNZ () N
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128 Q
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4
/ ?\ JOH
S S=g
f N\/\/

~
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211 oH
_— /N\N N Cl
s = 2
N
N
|
212

{po0432]  Some of the compounds disclosed herain, for example, Compounds 44, 63, 72, 74,
83, 88. 89, 98-101, 111, 124a, 124b, Vp, Vg, VL VI, Vi, Vig, Vix, Viy, Xiila, XIHe, XHIE
Xilg, Xiith, XHb, Xillv, and Xiiiw are depicted having a bold or hatched wedge. indicating
absolute stercochenmustry,

8801251 The Pyrazolopyridazine compounds as well as the non-Pyrazolopyridazine
compounds can be in the form of a sali. {n some embodiments, the salt is a pharmaceutically
acceptable salt. Pharmaccutically acceptable salts include, for example, acid-addition salts
and base-addition salts. The acid that forms an acid-addition salt can be an organic acid or an
morganic acid. A base that forms a base-addition salt can be an organic base or an morgamc
base. In some emebodiments, a pharaceutically acceptable salt 1s a metal salt. In some
embodiments, a pharmaceutically acceptable salt is an ammoniom salt,

001241 Acid-addition salis can arise from the addition of an acid (o the free-base form of a

Pyrazolopyridarine compound or non-Pyrazolopyridazine compound. In some embodiments,

LY
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the acid is organic. {8 some ciobodiments, the actd is morganic. Non-limiting cxamples of
suttable acids include hvdrochloric acid, hyvdrobronuc acid, hvdroiodic acid, nitac acid,
nitrous acid, sulfunc acid, sulfurous acid, a phosphoric acid, nicotinie acid, 1sonicotmic acid,
factic acid, salicvlic acid, d-aminosalicybic acid, tartanc acid, ascorbic acid, gentistmc acid,
gluconic acid, glucaronic acid, saccaric acid, formic acid, benzoic acid, glutamic acid,
pantothenic acid, acctic acid, propionic acid, butyric acid, fumaric acid, succinie acid, citric
acid, oxalic acid, maleic acid, hvdroxymaleic acid, methylmaleie acid, glveolic acid, malic
acid, empamic acid, mandelic acid, 2-phenoxvbenzoic acid, 2-acetoxybenzoic acid, embonic
acid, phenvlacetic acid, N-cyclohexyisulfamic acid, methanesulfonic acid, cthanesulfonic
acid, benzenesultonic acid, p-toluenesulforic acid, 2-hvdroxyethancsulfonic acid, ethane-1,2-
disalfonic actd, 4-methyvibenzencsulfonic acid, naphthalene-2-sulfonic acid, naphthalene-1,3-
diselfonic acid, 2-phosphoglyceric acid, 3-phosphogiveeric acid, glhicose-6-phosphoric acid,
and an aming acid.

fpe128]  Non-linuting exarsples of suitable acid-addition salts include a hydrochlonde salt, a
hydrobronude salt, a hvdrotodide salt, a nitrate salt, a nitrite salt, a suifate sakt, a sulfite salt, a
phosphate salt, a hydrogen phosphate salt, a dibydrogen phosphate salt. a carbonate salt, a
bicarbonate salt, a nicotinate salt, an isonicotinate salt, a lactate salt, a salicvlate salt, a 4~
aminosalicylate salt, a tartrate salt, an ascorbate salt, a gentisinate salt, a gluconate salt, a
glucaronate salt, a saccarate salt, a formate salt, a benzoate salt, a glutamate salt, a
pantothenate salt, an acetate salt, a propionate salt, a butvrate salt, a fumarate salt, a succinate
salt, a citrate salt, an oxalate salt, a maleate salt, a hydroxymaleate salt, a methvimaleate salt,
a glyeolate salt, a malate salt, a cinmamate salt, 3 mandelate salt, a 2-phenoxvbenzoate salt, a
2-acctoxvhenzoate salt, an embonate salt, a phenviacetate salt, an N-cyclohexyisulfamate salt,
a mothanesulfonate salt, an cthancsulfonate salt, a benzenesulfonate salt, a p-toluenesulfonate
salt, a 2-hydroxyethanesulfonate salt, an cthane-1,2~disulfonate salt, a 4-
methylbenzenesuifonate salt, a naphthalene-2-sulfonate salt, a naphthalene-1, S-disalfonate
salt, a Z-phosphoglycerate salt, a 3-phosphoglycerate salt, a glucose-6-phosphate salt, and an
amino acid salt.

pe0138] Metal salts can arise from the addition of an inorganic base to a Pyvrazolopyridazine
compound or non-Pyvrazolopyridazine compound having a carboxyl group. The morganic
base consists of a metal cation paired with a basic couterion, such as, for example, hydroxide,
carbonate, bicarbonate, or phosphate. The metal can be an alkali metal, alkaline earth metal,

transition metal, or main group metal. Non-limiting examples of suttable metals inchude

48
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hthiom, sodigm, potassium, cosiam, Ceriim, magnesium, mangancse, iron, calcium,
strontium, cobali, titanium, aluminum, copper, cadmium, and zinc.

pont37) Non-hmiting examples of suitable metal salts melade a lithtum salt, a sodivm salt, a
potassium salt, a cesium salt, a ceriwm salt, a magnesium salt, a manganese salt, an won salt, a
cafcium salt, a strontium salt, a cobalf salt, a titandum salt, a aluminum salt, a copper salt, a
cadmium salt, and a zine salt.

[800438] Ammoniwn salts can arnise from the addition of ammonia or an organic amine 1o a
Pyrazolopyridazine compound or non-Pyrazolopyvridazine compound having a carboxyl
group. Mon-limiting examples of suitable organic amines inchude triethvl amine, ditsopropyl
amine, ethanol amine, dicthanol amine, tricthanol amine, morphohne, Ne-methyimorpholine,
piperidine, Nemethylpiperidine, N-ethyipiperidine, dibenzvl amine, piperazine, pyridine,
pyrrazole, imidazole, pyrazine, pipyvrazine, cthyvlenediamine, N N'-dibenzylethylene diaming,
procaine, chloroprocaine, choling, dicyclohexyl amine, and N-methylghicamine.

fpei28]  Non-linuting examples of suttable aramoniam salis include 18 a tricthylammontam
salt, a diisopropviammoniom salt, an cthanolammonium salt, a diethanclammoniom salt, a
ricthanolammonium salt, a morpholinium salt, an N-methvimorpholiniom sali, a
piperidintam salt, an N-mothvlpiperidinium salt, an N-cthvlpiperiduuum salt, a
dibenzyiaramoniurn sall, a piperaziniwm salt, a pyndintam salt, a pyvrrazoliom salt, an
imidazolivm salt, a pyrazinium salt, an cthylencdiammontum sal, an N.N'-
dibenzylethylencdiammoniun salt, a procaine salt, a chloroprocaine salt, a choline salt, a

dicyelohexviammonium salt, and a Nemethylglucamine salt.

Methods for Making the Pyrazolopyridazine Compounds

fpoaid4sy Methods for making the Pyrazolopyndazine compounds are diselosed in ULS. Patent
No. 8,765,762, US 2013/0252936 and US 2014/0121197, each of which is incorporated by
reference herem in s entirety.

anoist] Compound 114 can be synthesized accordimg to Vasitlevsky, S F. & Tretvakov, EV.
Cinnohines and pyrazolopyndazines. — Novel synthetic and mechanistic aspects of the
Richter reaction. Licbigs Annalen 1995, 775-779 (19935).

moei4z) Non-limiting examples of synthetic schema that are useful for synthesizing the
Pyrazolopyridazine compounds include the following.

Scheme 1
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R R | R
R MeNNH, Ac,0 l_\( I, HIO3
z Y& & — [\( . N /R
N HN— NN HN" SN Y
o 2% N Pyridine, RT L | E1OH, 50°C N
CH HC™ o CHa e
Step 1 3 Step 2 Step3 Hs o) 3
R" R
\ g g
R"—: \ R' aq' NaOH \\ , NaN02 R"
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/ \N 7 N | N
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DMF, Et3N, 8500 H3C o CH3 éHa (8] CH3
Step 4 Step 5 Step 6

{800143] Scheme 1 generally describes the preparation of Pyrazolopyridazine compounds
having a I-N-methyi group and where R and R” are mdependently an unsubstituied or a
substituted pheny! group. For example, a 2-cvanocarbony! compound in which R s
vnsubstituted or substituted pheny! 1s condensed with Manethyvlhwydrazine to provide a 3-
substituted-1-methyvi-1+-pyrazol-S-amine. The 5-amino group 18 acylated, for example, with
acctic anhydride in the prescoce of a base, such as pynidine, to provide a S-anudo compound.
The S-amido compound is wodinated, for example, with a mixture of iodine and odic acid ina
solvent such as ethanol (EtOH) to provide an N-(3-substituted-d-iodo- L-methyl-1H-pyrazol-
S-yhacctamide. A paladiom-mediated cross-coupling, such as a Sonagashira cross-coupling,
of the acetamside with an RV -substituted terminal alkvne, catalvzed, for example, by a
palladium complex such as palladivm (1} bistniphenviphosphine dichlonde in the presence of
copper (1) 1odide m a solvent such as dimethyHormamide {DMF) with a base sach as
tricthyiamne provides a disubstituted alkyoe n which R is unsubstituted or substituted
phenyi. Saponification of the alkyne acetamide with a base such as sodium hydroxide in a
solvent such as cthanol provides the primary amiune. Diazotization of the primary amine with
sodivn nitrite in conceontrated hydrochioric acid provides a diazo intermediate, which
cvelizes to provide a Pyrazolopyridazine compound having a 1-N-methyl group and where R’

and R7 are independently an unsubstituted or a substituted phenvl group.

Scheme 2
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Mn02

toluene
115°C
Step 2

EtOH

Step 3

fgoni44y  Scheme 2 generally deseribes the preparation of Pyrazolopyridazine compounds
having an R; group and in which R is an unsubstituted or a sebstituted phenyl group. R
and Rz can be the same or different. For example, 4.6-dichloro-3~-phenvipvridazine is
deprotonated with a base such as hithum dusopropyl amide (LDA) in a solvent such as
tetrahydrofuran {THF}, and the resultant S-lithio species 18 condensed with an unsebstituted
or a substitoted benzaldehyde to provide a secondary alcobol. The alcohol 1s oxidized to a
ketone with an oxidizing agent such as manganese dioxide in a solvent such as tolucne. The
ketone is condensed with an Rs-substituted hydrazine in a solvent such as sthanol to provide
an intermediate hydrazone, which cyclizes to provide a Pyrazolopyridazine compound having
a 1-N- R; group, in which R; 1s defined as 1o Formulas IF and {1 and in which R is an

unsubstituted or a substituted phenvl group.

{p0e14s] Scheme 3 generally describes the preparation of Pyrazolopyridazine compounds
having a 1-N-methyvi group and where R’ 13 3 cyano group, an alkyvne, an alkene or an arvi
group. For example, 1-methyvi-3-iodophenyi-4-chloro-S-phenvi-1H-pyvrazolof3,4-
clpyridazine s coupled with a suitable coupling partuer, such as a cvanide sali, a terminal
alkyvne, an alkeny! halide, or an aryl halide, optionally in the presence of a suitable catalyst

such as a palladivm complex; optionally in the presence of a non-palladiom transition metal
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salt such as a zinc or copper salt, optionally in the presence of an additive such as
triphenylphospiune or an organic amine base, to provide a Pyrazolopyridazine conpound
having a I-N-methyl group and where R 15 a cvano group, an alkyne, an alkene or an aryl
group. The posttion of R | 1o, ortho, metfa or para, i the product is the same as the position
of the 1odo group 1n the starting material.

Scheme 4

| 10%Pd/C, Cul

N\ a) AcCl, NMM o) J\/\\/N I, HIO, o \,N NEt;, PPh;

N - NN - N~ N -
HaNT N b) MeOH, NaOH  HsC™ [ H step2 HC™ N H Ph—=—
Step 1 Step 3

a) o X
)~ 0 N NaNO,, cHCI
HCl B
b) NaOH HN B\ —10;0 ‘°§T
tep
Step 4 OFEt
P HsC
R1-OH, DEAD RZ_B(OR)Z
NIS PhsP or: PdCly(dppf).CH,Cly
—i _—— R
Step 6 NaH, R'CI, DMF KyPO,
Step 7 Step 8

[00e148] Scheme 4 generally deseribes the preparation of Pyrazolopyridazine compounds.

Scheme A

N [ i ii 1 v A\
N P — = 0 —_—» 0 N\ o A\
A AL
(¢] N N
ok Hok
72 8AR= CH,COEt 10AR=  CH,CO,Et I128R= CH,CO,Et $4AR= CH,CO,Et
9sR= H 118 K= H 124R= H 154 R H

(1} ethyi hvdrazinoacetate hyvdrochlonde, EtOH, reflux, 2 h; (1) Ac,O, pyndine, 25°C, 16 h,
or AcCl, Nemethyvlmorpholine, CHCh, 25°C, 3 h (nid I, HIG,, EtOH, 50°C; (iv) Phenyl
acetyiene, PA{PPh:),Cl, Cal, EGN, DMF, 90°C.
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[806147] Schome A gencerally describes the preparation of Ethyl 2-{S-acetamido-3-phenyl-4-
{2-phenvlethyavl}-1H-pyrazol-1-vljacetate and N-{3-Phenvi-4-(2-phenyicthyvnvi}-1H-
pyvrazol-S-vljacetamide from benzoviacctomntrile.

fpon44s] Compound 8A of Scheme A Ethyl 2-(S-amino-3-{phenvi)-1 H-pyrazol-i-
yilacetate

pootde] A nuxture of benzoviacetonitnile (74, 44 g, 304 nunol) and ethyl hvdrazinoacetate
hydrochloride (47 g, 304 nunol} in cthanol (400 mL} 15 beated to rethex for 2 h. The reaction
maxture 1s concentrated in vacno. The crude reaction mixture is partitioned between CH,Ch
{400 mbL) and saturated NaHC(; {(aq). The aqueous phase is extracted with CHLCl and the
organic phases are combined, dried over MgSQ,, filtered and evaporated to give compound
8A as a solid (70 g, 95% vield). "H NMR (400 MHz, CBCL) 8 (ppm) 7.73 (m, 2H), 7.38 {m,
ZHY, 726 (m, 1H) 596 (s, 1H), 486 (s, ZH), 423 (m, ZH), 3.7 {s, 2H}). 128 {s, 3H}.

poeise] Compound 10A of Scheme A: Ethyl 2-(5-acetamide-3-phenyl-1H-pyrazol-1-
vhacetate

8e0183] To a solation of ethyl 2-(5-amino-3-{pheny -1 H-pyrazol-T-yhacctate (84, 41.7 g,
(.17 moly 1nn pyridine {200 mi} is added acetic anhyvdride (17.4 g, 0.17 mol} dropwise at 0°C
under an atroosphere of mitrogen. The reaction mixture is stirred at room temperature (RT) for
16 . The reaction mixture 18 concentrated # vacuo. The residue 18 diluted with CH:Ch and
water. The layers are separated and the organic laver 1s washed with water and brine, dried
{MgS8Q,) and concentrated in vacuo. CHCYL 15 added to the residue and the solid 15 collected
by filiration, vielding compound 184 as a sobid (22 g, 45% vield). The mother hguors are
concentrated /i vacuo and washed with cold CHCl to give a second batch of compound
18A (15 g, 31% vield), "H NMR (400 MHz, DMSCO-ds) 8 {ppm) 1013 (s, 1H}, 7.81{d I =
7O Hz 2HY, 745 (6 § =76 Hz 2H), 740-732 {m, 1H), 6 80 (s, 1H)}, 5.07 (5, 2H}, 422 (g, §
=71 Hz 2H), 234 {5, 3H)L 1 28t Y =7 1 Hz, 3H).

woeiss) Compound 11A of Scheme A: N-(3-Phenyl-LH-pyrazol-S-yljacetamide

fponisa] To asohution of 3-phenyi-1H-pyrazol-5-amine (8, 18.6 g, 8.117 mol) and N-
methyimorpholine (30.8 mL, 0.281 mol} in CHCL, (250 mb) is added acetyl chloride {20
mk, 0.281 mol} dropwise at 0°C under an atmosphere of nitrogen. The reaction mixiuw is
stitred at RT for 3 h. The reaction mixture 18 dilnted with CHLCh and water, The lavers are
separated and the organic layer is washed with water and brine, dried (phase separator
cartnidge)} and concentrated /1 vacuo, Dicthyl ether is added to the residue and the solid s

collected by filtration, vielding compound 11A asasohd (251 g, 88% vield). H NMR (400
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MHz, BMSO-dg) 8 (ppy 12.79 (s, 1H), 1040 (o, IHL 771, J =7 5 Hz, ZH), 744 (dd, I =
76,76 Hz 2H), 734(dd, J =72, 72 He, 1H), 6.88 (g, 1H), 2.02 (s, 3H).

800184 Compound 12A of Scheme A: Ethyl 2-{S-acetamido-4-iodo-3-phenyl-1H-
pyrazob-1-vhacetate

0801551 A suspension of compound 18A (37 ¢, 129 mmol), 1odic acid {5.6 g, 32 mmol) and
todine (19.7 g, 77 amol} it ethano (400 mb) is heated at 307C for 2 h and cocled to RT. The
reaction mixfure is concentrated in vacuo and the residuce is eluted through a pad of silica gel
with CH,CL / digthyt ether (1:0 1o 97:3). The residue s partitioned between CHYCh and 2 M
Nap5,05 solution {aq). The layers are separated and the organic washed is dried (MgSQy),
and concentrated in vacuo to give a residue that 1s partially purified by chromatography
{silica gel, CH,Clh/ischexane 11 to 10, thes CHLCly/diethy! ether 911 1o 8:2), then trturated
with diethyvl ether vielding corapound 124 as an off-white solid (43 g, 81% vield). 'H NMR
{400 MHz, CDClz) as a 3.1 mixture of rotamers & (ppm} 781 ¢d, = 7.6 Hz, 2H), 745.7.35
{m, 3H), 7.15{brs, 0.73H), 685{brs, 0.25H), 497 (s 2H}, 425 (q. J=71Hz 2H}. 224
{s, 225H), 2.04 (s, O.75H), 130 (¢, F=7.1 Hz, 3H).

{psoiss] Compound 13A of Scheme A: N-{4¢-Todo-3-phenyl-1 H-pyrazol-S-yhiacetamide
[00157] A suspension of compound 1A (251 g, 0.103 mol}, lodic acid (4.5 g, 0.026 mol}
and iodine {(13.7 2, 0.062 mol} n cthano! (250 mL) is heated at 50°C for 3 h and cocled to
RT. The reaction roixture 1 coneenirated i vacuo and partitioned between CHyCh and 2 M
NazS2035 solution {aq}. The layers are separated and the orgamc washed with brine, dried
{phasc separator cartridge}, and concentrated i vacuo to give a nuxture of compound 13A
and starting material 13A (2.2:1, 30.3 g} The nuxture is put in reaction again using iodic acid
{1.6 g, 9.6 mmol} and iodine (9.7 g, 38 mumol) m cthanol (250 mL} under the same
condifions, to give compound 13A as asohd (31.9 g, 84% vieldy. "H NMR (400 MHz,
CRCL)Y & ppmoy 1174~ 11 74 (o, THY), 781 (4, J =72 He, 2H), 759 (s, 1H), 7.49 - 738 {m,
3D, 231 (s, 3H).

fpenis8] Compound 14A of Scheme A Ethyl 2-{S-acetamido-3-phenyl-4-{2-
phenylethynyi)-1 H-pyrazol-1-yljacetate

[o0e159] Nitrogen s bubbled through a mixture of compound 124 (18.6 g, 45 mmol), pheayl
acetviene (9.2 g, 90 nuvol), copper todide (860 mg, 4.5 romol), tnethvlamine (200 ml} and
DMF (75 mL} for 15 min. Bis{triphenyiphosphine)paliadivm(ll) dichloride (1.6 g, 2.25
mmol} is added and the reaction nuxture is stirred at 90°C under nitrogen for 4.5 h. The

reaction nuxture 1s cooled to RT, diluted with ethyvl acetate and water. The organic phase 13

G4
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washed with water and brne, dried (MgSQy). filtered and concentrated in vacuwo. The residue
is partially purified by columen chromatography {(silica gel, CH,CL, then isobexane/ethyl
acctate 111 followed by CH,Chy/ethyl acetate 911 1o 8:2), then triturated with dicthyl ether
vielding compound 144 as a solid {13 g, 75% vield). 'H NMR (400 MHz, DMS0-dq} &
{ppm} 10.38 (s, 1H), 8.13-8.09 {m, 2H}, 760744 (m, 8H}, 5.03 {5, 2H}, 423 {g, I = 7.1 Hz,
2HY, 217 (s, 3H), 1.28 (¢, 1= 7.1 Hz, 3H).

poodse] Compovnd 1SA of Scheme A: N-[3-Phenyl-4-(2-phenviethyvavl-1 H-pyrazad-S-
yvilacetamide

fsesisd} By a similar procedure o that described for the synthesis of compound 144,
compound 15A (12.5 g, 48% yield) is obtained from compound 13A (31.87 g, 86 mmoly. 'H
NMR (406 MHz, CDCL) & (ppiey 1187 - 1157 (o, 1H), 811 {d, J =74 He, 2H), 7.91 {5,
YL, 755749 (m, ZH), 744 (dd, F =75, 75 Hz, 2H), 737 {dd, I = 1.9, S.0 Hz, 48y, 2.32
(s, 3H).

Scheme B
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{t) NaOH, EtOH, 80°C; (1) {a) NaBH,, EtOH, 25°C; (b) NaOH, ExOH, 80°C; (1) NaNO,,
¢ HCL -10°C to 25°C; (v MeMgCl, THF, 0°C 1o 25°C.

0004821 Scheme B generally describes the preparation of compound 3B and compound 48.
p0e183] Compound 168 of Scheme B: Sodivm 2-{5-amino-3-phenyl-4-(2-
phenyiethynyl}-1H -pyrazol-1-yllacetate

{peoi84] A muxture of compound 14B (13 g, 34 mmol), ethanol {150 mL) and 23% NaOH
solution {ag) (150 mL) s stirred and heated to 80°C for 8 h and cooled to RT. Upon cooling,
a precipitate 18 forraed. The precipitate 18 filtered and washed with a cooled mixture of ethyl
acetate/water { 1:1). The solid s farther tnturated with diethyvl ether, filtered and diied
(Mg8Q,), vielding compound 16B as a solid (9.8 g, 85% yield). 'H NMR (400 MHz, DMSO-
ds} Sppn) 806 {(d, J = T8 Hz, 2H), 756 (d, § = 7.6 Hz, 2H), 7.50-7 39 (m, 4H), 7.39-731
{m, 2Hj, 431 {s, 2H).

p0e188] Compound 178 of Scheme B: 2-{5-Amine-3-phenyi-4-(2-phenviethyayh-1H-
Jpyrazol-1-yijethani-ol

seeies] To a suspension of compound 148 (22 4 g, 58 munol) in ethanol (290 mL) is added

3, 289 mmol) and the reaction muxture 1s stirved at R for i6 h. The

Ll K

sodumn borohvdnde (11
reaction nuxture 1s partially concentrated to a final volurae of 250 mi. A 25% Na(OH solution
{aq} {250 mL} 15 added and the reaction mixture s stivved at 80°C for 4 h. The reaction
mixture 18 cooled down to room temperature and phases are separated. The agueocus phase s
extracted with ethyl acetate throe times and the organic phases combined, dried (MgSUy),
filtered and concentrated iz vacno. The residue 18 triturated from dicthvl ether (20 mL) and
the product is filtered and dried 12 vacuo vielding compoond 178 as an offowhite sohd (9.96
g, 37% vield). The mother liguor is concentrated 2 vacue and purified by column
chromatography (silica gel, gradient 0 to 100% cthy! acetate/ischexanc} viclding a funther
crop (1.79 g, 10% vield). 'H NMR (400 MHz, CDCL:) & (ppm) 7.78-7.74 (m, 45), 7.55-7.48
{m, 6H), 498 ¢, J=48 Hz 2H} 429 (m, 2H), 303 J =64 Hz, 1H).

p0e187] Compound 188 of Scheme B: 3-Phenyl-4-(2-phenylethynyi}-1 H#-pyrazel-5-
amine

peoiesy By a similar procedure o that described for the synthesis of compound 16B,

compound 188 (5.4 g. 50% vicld) is obtained from compound 188 (12.5 ¢, 41 mmol). 'H

95
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NMR (400 MHz, COCL)Y & (ppmy 787 (d, J =72 Hz, 2H), 7.51 - 743 (m, 4H), 742 - 732
{m, 4H), 4.09 (s, 2H}.

poaissy Compound 198 of Scheme B: 2-(4-Chlore-3,5-diphenyl-1 H-pyrazolo{3 4-
¢ipyridazin-1-ylacetic acd

080178 Sodmm nitrite (1.86 g, 26.9 nunol) 1s added portionwise to ¢HUT (30 mb} at 0°C
and stired for 13 min and then compound 168 (3 g, .85 mmol} 15 added as a solid to the
reaction mixture, portionwise, The suspension s then stirred at RT for 16 h. The reaction
maxture is dituted with CHCL and washed with water and brine. The organice layer is dned
{MgSO4) and concentrated im vacuo. The residue 1s purnified by column chromatography
{silica gel, diethyvl ether/ CHLChL 1:9) vielding compound 198 as asolid (1.7 g, 53% vield).
"H NMR (400 MHz, CDCL) 8 (ppm) 7.80-7.72 (m, 4H), 7.56-7.47 (m, 6H), 5.64 {5, 2H),
216 {s, 1H}.

poei74] Compound 3B of Scheme B: 2-{4-Chiore-3,5-diphenyl-1H-pyrazolof3.4-
eipyridazin-l-yhethan-1-ol

{800172] Sodiom mitrite {4 .58 g, 66.3 mumol}) is added porticawise to ¢HCT (220 mb) at ~10°C
and stirred for 10 min. Compound 178 (6.7 g. 22.1 mmol} is added as a solid. The waction
mixture is allowed to warm up, is sorucated for S mun then stirred at RT for 2 b The reaction
mixture 18 dituted with CHLCL and water and the agueous phase s extracted with CH:CL,
The organic phases are combined, dried (MgSGy), filtercd and concentrated 7 vacue. The
residue is partially purified by columa chromatography (silica gel, gradicnt 0 to 100% cthyl
acetate/isohexane). The resulting restdue 1s tniturated from diethyl ether then from othyl
acetate, vielding compound 3B as a solid (900 mg, 12% vield). 'H NMR (400 MHz, CDCL)
S{ppm) 7.79-7.75 {m, 4H), 7.55-7 46 {m, 6H), 4.98 (m, 2H}. 4324725 (m, 2H), 304 (¢, J =
6.4 Hz, TH). 7O NMR (100 MHz, CDCL) 8 (ppm) 153.09, 15198, 143 63, 13448, 130,11,
129,35, 12933, 129.06, 12829, 128.17, 127.39, 12733, 11370, 60.64, 50.63. LC-MS
{analytical method 1) HPLC (Phenomenex Luna § pm C1E, 100 x 4.6 mm} with gradient of
5-95% acctonitrile in water {with 0.1% formic acid in cach mobile phase)) R 414 mun; my/z
351 [MHH] 99.04% purity.

004731 Compound 218 of Scheme B: N-(1-(2-Hydroxy-Z-methylpropyi}-3-phenyi-4-
{phenviethyvayh-1 H-pyrazob-S-yBacetamide

woei74] To a solution of compound 148 (1 0 g, 2.58 mmol) in THF (26 mb) 15 added methyl
magnesium chioride (3 M solution in THFE, 3 b, 9 vomol} at 0°C. The solution obtained s

stirred at RT for 3.3 h then successively diloted with cthyl acetate and quenched by addition

a7
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of 1 M HCI {ag). The aqueous phase is extracted with ethyl acetate. and the combined organic
tayers are dried (MgSQ4) and concentrated i vacue. The resultant residue is purtfied vsing
chromatography (stlica gel, gradient O to 75% cthyl acctate/isohexane) vielding compound
21B as a solid (329 mg, 55% vield). "H NMR (400 MHz, CDCE) as a 1.5:1 mixtare of
compound 2IB S ppm) 8. 11 {dd. F =75, 123 Hz, 2H), 751 - 740 (m, 4H). 737 - 731 {m,
4H}, 415~ 4.07 (m, 2H), 2.24 - 2.23 (m, 3H). 1.28 (s, 6H) and N-[2-acetonvi-5~phenyl-4-{2~
phenviethvovDpyrazol-3-vllacctanude 8 (ppmy) 811 {dd, J =75, 123 Hz, 2H), 731 -740
{m, 4H), 737 - 731 {m, 4H), 4 95 (3, 2H), 2.24 - 2.23 (m, 3H}, 1.28 {5, 6H}.

106175] Compound 228 of Scheme B: 1-(8-Amine-3-phenyi-4-(phenyiethynyl)-1H-
pyrazol-1-vi}-2-methyipropan-2-of

gosirey Compound 228 (310 mg, vield 59%) is synthesized from compoond 21B {597 myg,
1.6 mmol) following similar procedures outhined in the synthesis of compound 168, 'H
NMR (400 MHz, CDCH) S (ppoy 8.1 - 8.08 (m, 2H), 7530 - 747 (m, 2H), 741 {dd, I =735,
75 e, 2Hy, 737729 (m, 4H), 448 (5, 2H), 4.01 (5, 2H), 270 (s, 1H), 132 - 131 (m, 6H}.
00177 Compound 48 of Scheme Br 1-{4-Chlore-3,5-diphenyl-1 #-pyrazelo{3,4-
cipyridazig-i-yi}-2-methyipropan-2-ol

moni78] To cooled {conling bath ~-15°C) cHCI (9 mL) 15 added sodim nitrite in one portion
{121 mg, 1.75 mmol) and the suspension is left to stir for 10 min afier which compound 228
{290 g, 0.88 munol) is added. After 5 min, the cooling bath is removed and the reaction
mixture 15 stured at RT for 3 h. The reaction 1s cooled again {0°C) and CHCL 5 added
followed by water. The agueous phase 1s extracted with CHuCh and the organic phases are
combined, dried (MgSQy), filtered and concentrated in vacuo. Crude matenial s purified by
colamn chromatography (silica gel, gradient O to 50% cthyl acctate/isohexane) vielding
compound 4B as orange oil (86 mg}. The material obtained is further purified by preparative
HPLC, vielding compound 4B as a sohid (34 mg, 10% vield), "H NMR (400 MHz, CDCLY 8
(ppm) 7.81-775 {m, 4H), 7.55-7.50 (m, 6H), 4.85 (s, 2H), 3.50 (s, 1H), 1.36 ¢s, 6H). "C
NMR (100 MHz, CBCL) S (ppayy 15436, 152 91, 144,60, 13542, 13096, 130.29, 13028,
12993, 12923, 129.07, 128.29, 12824, 114,16, 71 52, 38.60, 27.26. LCMS {analvtical
method 1) HPLC {(Phenomenex Luna 5 gm C18, 100 x 4.6 num} with gradient of 3-95%
acetonitride in water {with 0.1% fommic acid in each mobile phasel) R, 4.49 min;, m/z 379
IMA+H] 99.71% purnity.

wonirs] Compound 208 of Scheme B: 4-Chlore-3,5-diphenvi-LiH-pyrazolo{3,4-

cipyridazine

9y
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se0i80] Sodium niirtte {2 88 g, 42 mmol} is added portionwise to oHU G1d mi) at -15°C
and stirred for 13 vun. Compound 188 (5.4 g, 21 mumol) 1s added as a solid, followed by the
addition of CHxCL (10 mL). The reaction muxture 1s allowed to warm up and stirred at RT for
1 k. The reaction mixtore 18 didwted with CHLCL (44 mby and Nalll 2.7 g} is added. The
reaction mixture 1 heated to 50°C for 1 d. The layers are separaied and the organie laver is
washed with water, dricd (pbase scparator cartridge) and concentrated in vacuo. The residue
is purified by colwon chromatography (silica gel, 1sohexane/ethyl acctate 411, then
CHLCL/ethyl acetate 1.0 to 4:1) vielding compound 208 as a sohid (3.0 g, 47% wield). 'H
NMR (400 MHz, DMSO-ds) 8 {ppm) 15.08 (s, 1H), 781 - 7.73 (m, 4H}, 7.58 - 7.51 (m, 6H).

]
o]
Q

/\/\

33¢ 24C 25¢ 28C 3¢

() HATU, DIPEA, DMF, 25°C: (i) TFA, DOM, 25°C; (iii) compound 198, HATU, DIPEA,
DMF, 25°C,

{an0i81] Scheme C generally describes the preparation of compound 8C.

pe0i82] Compound 250 of Scheme O tert-Butyl (3-(5-((325,48,6aR}-2-oxohexahydro-
1H-thieno{3d-dlimidarol-4-ylipentanamidoipropylicarbamate

oaias) To asolution of biotin (23C, 330 me, 1.43 mool} in DMF (7 2 ml) are added tert-

butyl N-(G-aminopropylicarbamate (24C, 250 mg, 1 43 mmol}, BIPEA (0375 mbL, 2.15

G4
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mmol) and HATU (816 mg, 2.15 mmol). The reaciion mixtare is stirred at RT for 20 b, and
then diluted with cthyl acetate and 4% LiCl agueous solution. The agueous phase is extracted
with cthyl acetate twice, and the combined orgamie lavers are dried (MgShQ0,) and
concentrated iz vacuo. The resultant residue s purified using chromatography (silica gel,
gradient 0 to 12% 7 M NH; i MeQH/ CH,CL) vielding compound 25C as a solid {180 mg,
31% vield). 'H NMR (400 MHz, DMSO-dg) & (ppm} 7.75 (¢, F =52 Hz, 1H), 6.77 (5, 1H},
643 (s, iH), 637 (5, 1H), 4 38-434 {m, 1H), 4.21-4.16 (m, 1H), 3.23(d, F=53 Hz, iH),
306(dg, =62 43 He IH), 3.07(dd, 1=68, 129 Hz 2H), 296 (dd, I =66, 13.0 He, 2H),
288(dd, F=32, 124 He, 1H), 2318 I =75 He, 2H), 1.73-1.62 {m, 1H), 1.61-1.48 (m,
5H), 143 (s, 9H), 1.46-1.29 (m, ZH).

noeia4] Compound 26 of Scheme ' N-(3-Aminopropy-5-{{3a5,45,6aR}-2-
oxchexahydro-1H-thieno[3,4-djimidazol-4-vDipentanamide

o188l To a sohution of compound 23C (166 mg, 0.415 mmol} in CHCL (1 mL) 15 added
TFA (1 mL}. The reaction muxture s stirved at RT for 2 b, then concentrated in vacuo. The
resubiant residue 18 dissolved i CHRCL (2 mL) and Biotage MP-carbonate resin (550 mg,
1.66 mmol} 1s added. The reaction muxture 18 stirred at RT for 30 nun. Beads are filtered oft
and washed with CH,ChL/MeOH (101, 2 mb) and the filtrate is concentrated i vacue to afford
compound 26 as a colorless oif (124 mg, 100% vield}, which is used as such in the next
step.

fponiss) Compound 5C of Scheme € N-(3-(2-(¢-Chlore-3,5-diphenyl-1H-pyrazolo{3,4-
cipyridazin-1-yhacetamidoipropyi-5-{{3a5,45,6aR)-2-oxohexahydreo- 1 H-thieno{3,4-
diimidazol-4-ylipentanamide

00187 To a solation of compound 26C (124 myg, 0.415 mmol} in DMF (2 mL) are added
compound 198 (151 mg, 0.415 mmol}, DIPEA (0.11 mL, .62 mmol) and HATU (236 mg,
(.62 mmol). The reaction mixture is stived at RT for 1.5 b and then diluted with CHCL and
496 LiCl agqueouns solution. The agueous phase is extracted with CHLCL, twice, and the
combined organic layers are dricd {phase separation) and concentrated i vacuo. The
resultant residue s first purified by prop HPLC yiclding 70 myg, which is further punfied by
silica gol chromatography, viclding the destred compound SC as a solid {44 mg, 16% vicld).
H NMPR (400 MHz, DMSO-de) 6 (ppm) 839 (dd, J =57, 5.7 He, 1H), 7.87 - 7.78 (. 53H),
764757 (m, 6H), 645 (s, 1H), 639 (5, 1H}, 551 {5, 2H}, 433 (dd, } =53, 7.6 Hz, 1H),
418413 ¢m, 1H), 322 -3.08 (o, SHY, 285 {dd, 1 =52 125 Hz, 1M}, 261 (4, ] =124 Hz,
1H), 2.10¢dd. J = 7.5, 7.5 Hz, 2H), 1.66 - 1.48 (o, 6H), 1.39 - 1.28 (m, 2H). "C NMR (100

16O
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MHz, CDCL)Y S (ppeny 172 51, 166.25, 163.16, 15431, 15275, 144.06, 13595, 13135,
13058, 130.52, 129 38, 12044, 12942, 12875, 12870, L1418, 61 47, 59.64, 3585, 50 &1,
3721, 36,66, 35.66, 2064, 28 .66, 28 48, 25.75. LUMS (analvtical method 1 HPLC
{Phenomenex Luna 5 um C1E, 100 x 4.6 mum} with gradient of 5-95% acetonitrile m water

with 1% formic acid in cach mobide phasely R, 3.52 wun; nvz 647 [M-+H] 98 .38% purity.
P

Scheme B

27D

(i} (@) I-feri-Butoxycarbonvi-4-(2-hyvdroxyvethviimperazine, DEAD, PPhs, 1 4-dioxane,
120°C, 1 h; (b)) HCE in 1 4-dioxane, 25°C; (8) {o} HATU, DIPEA, DMF, 23°C; (&) NaQOH,
40°C, 1 b (uy POCY, 25°C

{seot8s] Scheme D generally descenbes the preparation of compound 6B,

pe0ids] Compound 27D of Scheme Dt 4-Chlore-3,S-diphenyh1-(2-{piperazin-1-
vhethyl}-1H-pyrazoiod,4-cipyridazine

gondsn] To a mixiure of compound 208 (345 mg, 1,13 nunol), I-ere-butoxyearbonyi-4-(2-
hvdrosyethylpiperazine (320 mg, 2.26 mmol} and tnphenyiphosphine (388 mg, 2.26 mmol}
i 1 4-dioxane (8.4 mL} is slowly added to dicthyl azodicarboxylate (8.355 mi, 2.26 nunch
at RT. The reaction mixture is then heated using microwave rradiation to 120°C for T h. The
reaction mixture 8 cooled down o RT and 4 M HC in 1 4-dioxane (4 mL} is added. The
reaction nuxture is stirred at RT for 4 b, difuted with CHRCL (10 mb) and the solution is
loaded onto a Biotage SCX-2 cartnidge (20 g), eluted with methanol, then 7 M NH; in
methanol. Fractions were concentrated i vaeuo to give compound 278 m a 111 ratio with 2-

hvdroxyethyviipiperazine (950 mg, 100% vield) and 1s used as such in the next step.
; yetnyipp g ; B

£G1
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fpe0ist] Compound 28D of Scheme D! 328,45,6aR}-4-(5-{4-{2-{4-Hydroxy-3,5-
diphenyi-1H-pyrazolo{3,4-cjpyridazin-1-yhethylipiperazin- {-y1}-5-
oxopentylitetrahydro- 1 thieno[3,4-dlimidazel-2{3H}-one

fpo0482] To a sohtion of compound 27D (9530 mg crude, 1.13 mmol} in DMF (8.7 mL),
DIPEA {0.59 mb, 3 .39 mmol}, biotin (678 mg, 2.78 mmol} and HATU (1.29 g, 3.39 mmol)
are added. The reaction mixture is stired at RT for 24 h and then diluted with DMSO (5 mbL).
NaOH (2 M, 5 ml) is added and the reaction muxture s heated to 407C for | h, then stired at
RT for 2 days. The reaction mixture is purified by preparative HPLC {o yield compound 28D
{100 mg, 14% vicld). '"HNMR

menies] Compound 6D of Scheme U (325,45 ,6aR)-4-(5-{4-(2-(4-Chlore-3,5-diphenyl-

i H-pyrazolo|34-cipyridazin-1-yljethylipiperazin-1-yi}-S-oxopentyljtetrahydro-1§-
thieno}34-djimidazol-2(3H}}-one

[000184] A solution of compound 288 (97 mg, 0155 mmol} in phosphorous oxvchionde {6
mi} 15 stured at RT for 2 davs. The reaction mixture 1 dilated with CHaCL and 2 M NaxCGs
sohution. The agueous phase is extracted twice with {H:CL. Combined orgame layers are
dried (MgSO,) and concentrated in vacuo. The resultant residue is purified using
chromatography {stlica gel, gradiont 0 1o 12% 7 M NHz in MeOH/ CH.Ch) vichding
compound 613 as a solid (42 mg, 42% vield). *H NMR (400 MHz, DMSO-ds) & {ppoy) 7 .86~
7.78 {r, 4H), 7.66-7.56 {m, 6H), 6,47 (s, 1H), 639 (5, 1H), 5.01-4.94 (mn, 2H)}, 4.38-4.32 {m,
1HY, 4 204 15 (m, TH}, 3.17-3.10 {m, 1H), 3.08-3.01 {m, 2H), 287 (dd, F= 12,4, 5.1 Hz,
1HY, 2.63(d J=12.4Hz 1H), 2.58 (m, 1H), 2.57-2.54 {m, ZH), 2.51 {m, ZH), 2.36-2.28 (m,
2H), L71-1.61 (o, FH), 1.56-1.45 (my, 3H), 138 (o, 2H), 1.27-117 Gu, HH) O NMR (100
MHz, CDCl) & {ppm) 17051, 162,70, 153,69, 15195, 143,18, 13552 131.06, 13015,
130,11, 12903, 12894, 12884, 128.26, 12820, 113.42, 61.04, 5976, 59.19, 36,16, 55 48,
3271,32.28, 4527, 3208, 2829, 28 11, 24.85. LLMS {analvtical method 2: HPLC
{(Fichrom ACE 3 CI18-AR muxed mode columon 100 x 4.6 num) with gradient of 2-100%
acetomtnle 1n water (with 0196 formc acid in cach mobile phase)) R 9.77 mun; m/z 645

EMH] 93.27% purity.

seoiss] Molecular Chaperones

manies]  Though there are numerous configurations for a particular protein to adopt as @

folds, a proten that is ultimately biologically functional folds to a stable state, referred o as
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its “native state”, in which the protein’s tendency to aggregate is at & mimignum. The folding
process of proteins is thermodynamically driven by the so-called “hydrophobic effect”, which
is the tendency of a protein’s hvdrophobic anino acid residues to interact with one another
and form a hydrophobic core, while the protem’s hydrophilic amino acid resichies remain at
the protein’'s surface. Nascent or partialiy folded proteins are “sticky™ because their
hydrophobic amino acids are not completely buried i the proteut’s core. As a result, sticky
proteins can clump together into miractable aggregates, especially m a cellular environment
that i3 erowded with other protein molecules.

moenia7] A guality-condrol system exists 1o a cell’s cvtoplasm and nucleus to ensure that
protewn folding occurs efficiently. This svstern meludes molecular chaperones and the
uwbiquirtin proteasome system (UPS). The UPS allows for tagging of proteims with ubiquitin to
target them for degradation in a proteasome, a complex of protein molecules that degrade
ubiquitinated polypeptides and recycle the ubiguitin tags.

p08188]  Molecular chaperones are proteins that help other proteins fold efficiently by
shielding the sticky hydrophobic surfaces of unfolded or misfolded protens, therehy
mupimizing the proteins” tendency to aggregate. Molecular chaperones can be found
almost all organisms and arc present n many coliular compartments, Some molecular
chaperones are expressed constitutively and not induced by stress, others are expressed
constitutively and indoced by stress, and some are induced by stress. Molecular chaperones,
such as the heat shock proteins (Hsps), are classified according to their malecular weight and

melude the small Haps, Hsp40, Hapo, Hsp70, HepY0 and Hep 100 familhes (Table 2},

Table 2. Iustrative Families of Heat Shock Proteins

Approximate
molecular weight Heat shock protein
{31)]
10 kD HSP1o
§ HSPR group, includes
2036 kD HSP2T
46 kD HSP40
60 kD HSPOU
HSPA group, inchides §
HEP71, HSP7O, :
HSP72, Gip7s (BiP).
Hex70 1 primates
Ribosone-associated
cornplex (RAC) :
HSPC group, includes
HSPO0, Gipd4

70 kD
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HSFH group. includes

HOO KD

HSPIO4, HSP11O

{an0i89]  In some embodiments, a Pyrazolopynidazine compound, non-Pyrazolopyridazine
compound or a metabolite thereof binds to a molecular chaperone. I some embodiments, a
Pyrazolopyridazine compound, non-Pyrazolopyndazine compound or a metabolite thereof
covalentlv binds to a molecular chaperone.

fpon280]  In some emboduments, the binding of a Pyrazolopynidazine compound, non-
Pyrazolopyrdazine compound or a metabolite thereof to a molecular chaperone results in the
treatment or provendion of a proteopathy 1o a subjoct in need thercof

{p80ze1]  In another embodiment, the molecular chaperone 1s a member of the Hep O fanuly,

Hsp40 family, Hspo0 family, Hep 70 fanuly, HspS family, or Hsp100 family.

menz02] Protegpathiss

gpoaze3) The Pyrazolopyndazine compounds as well as the non-Pyrazolopyridazine
compounds are usetil for treating or preventing a proteopathy.

foe0204]  In some embodiments, the proteopathy is a neurodegenerative disease. Hhustrative
neurodegencrative diseases include, but are not limited to, Alzheimer’s discase, progressive
supranaciear palsy, dementia pugilistica, frontotemporal dementia and parkinsontam linked to
chromosome 17 (FTDP-17), Lytico-Bodig disease, tangle-predomunant dementia, ganglioma,
gangliocytoma, meningioangiomatosis, subacuie sclerosing panencephalitis, lead
encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, lipofuscmosts, Pick’s
disease, corticobasal degeneration, argyrophilic grain disease, Huntington’s disease,
Parkinson’s disease, dementia accompanied by Lowy bodies, multiple system atrophy,
neuroaxonal dvsirophies, dentatorubralpallidoluysian atrophy (DRPLA), spinal-bulbar
muscular atrophy (SBMA), spinocerebellar ataxia 1 (8CA 1), SCA 2, SCA 3, 5CA 6, 5CA 7,
SCA 17, prion disease, amyotrophic lateral sclerosis, frontotemporal lobar degeneration
{FTLI}) and familial cocephalopathy accompanted by neuroserpn inchusion bodies (FENIB).
fpon28s]  In some embodunenis, the proteopathy 1s an amwyvloidosis, THustrative amyloidoses
mclade, but are not himaied to, familial British dementia (ABni}, fanulial Damsh dementia
{ADan), hereditary corebral hacmorrhage with amvloidosis-Ieclandic (HCHWA-D, familial
amyloidotic neurapathy {(ATTR), AL {light chain) primary systemic amylotdosis, AH theavy
chain} amyloidosis, AA secondary amyloidosis, AP amyloidosis, aortic medial amvioidosis,

LECT2 amvicidosis, AIAPP amyloidosis, apolipoprotein Al amylotdosis (AApoAT),
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apolipoprotein AN amvlcidosis {AApoAll), apolipoprotein ALY amvloidosis {AApoALV),
famihial anyloidosis of the Finmish tvpe (FAF), fibrinogen amvloidosis {AFib), fyvsozyne
amvloidosis (ALys}), dialvsis amyloidosis (AfM), medullary thyrowd carcinoma (ACal},
cardiac atnal amyloidosis (AANF), pitaitary prolactinoma (APro), hereditary lattice corneal
dystrophy, cutaneous lichen amyloidosis {AKer), Maliory bodies, primary cotanesus
amyloidosis, comeal lactoferrn amylowdosis, odontogenic (Pindborg} tmor amvioid or
seminal vesicle amvioid,

{pe0286]  In some embodiments, the proteopathy s a lysosomal storage disease. Hhustrative
tvsosomal storage diseases include, but are not lintted to, activator deficiency/GMZ
gangliosidosts, alpha-mannosidosis, aspartyiglucosaminuna, cholesteryl ester storage
disease,chromce Hexosanunidase A Deficiency, cystinosis, Danon disease, Fabry disease,
Farber disease, fucosidosis, galactosialidosis, Gaocher Discase Type L Gaocher Discase Type
U, Gaucher Disease Type Hi, GM1 ganghiosidosis infantide, GM1 gangliosidosis late
mfantilefuvenile, GMI gangliosidosis adult/chrome, 1-Cell discase/Mucolipidosis 11,
Infantile Free Sialic Acid Storage Disease/ISSD, Javenile Hexosaminmidase A Deficiency,
Krabbe discase mnfantile onset, Krabbe disease late onset, lysosomal acid bpase deficiency
carly onset, lvsosomal acid lipase deficicncy Late onset, Metachromatic Loukodystrophy,
Pscudo-Hurler polvdystrophyv/Mucolipidosis TIA, MPS [ Huorler Svadrome, MPS T Scheie
Syndrome, MPS 1 Hurler-Schete Syndrome, MPS I Hunter syndrome, Sanfilippo svndrome
Type A/MPS HI A, Sanfihippo svadrome Tvpe B/MPS I B, Sanfilippo svndronie Type
C/MPS HEC, Sanfilippo syndrorae Type DVMPS HE D, Morquio Type A/MPS TVA, Morquio
Type B/MPS IVEB, MPS IX Hyaluronidase Deficiency, MPS VI Maroteauwx-Lamy, MPS VH
Sly Syadrome, Mucolipidosis ¥Sialidosis, Mucolipidosis HIC, Mucolipidosis type 1V,
Multiple sulfatase deficiency, Nicmann-Pick Disease Type A, Niemann-Pick Discase Type
B, Niemann-Pick Discase Type C, CLNG6 discase-atypical late mfantile, CLNG disease-late
onset variant, CLNG discase~casly juvenile, Batten-Spielmever-Vogt/Javenile NCL/ACLN3
discase, Finnish Vartant Late Infantile CLNS, Jansky-Bielschowsky disease/Late mfantile
CLN2/TPPI Discase, Kufs/Adult-onset NCL/CLN4 discase, Northern Epilepsy/varniant late
mfantile CLNS, Santavuori-Haltia/Infantile CLNU/PPT disease, Beta-mannosidosis, Pompe
discase/glycogen storage disease type I, Pvenodvsostosis, Sandhoff discase/Adult
Onset/GM2 Gangliosidosis, Sandhoff discase/GM?2 gangliosidosis — Infantile, Sandhoff
disease/GM?2 gangliosidosis — Juvenile, Schindler disease, Salla discase/Sialic Acid Storage

Thgease, Tay-Sachs/GM2 gangliosidosis or Wohman disease.
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806207] In some embodiments, the lysosonal storage disease is a mueopalysaccharidosis
disorder. {Hustrative mauncopolysaccharidosis disorders include, but are not hiratted to Pseudo-
Hurler polvdystrophy/Mucolipidosis HIA, MPS T Hurler Syndrome, MPS 1 Scheie Syndrome,
MPS T Hurler-Scheie Syndrome, MPS 11 Hunter syndrome, Sanfilippo syndrome Type
A/MPSE HE A, Sanfilippo syndrome Type B/MPS T B, Sanfilippo syndrome Type O/MPS [
€, Sanfilippo svndrome Type B/MPS H B, Morguio Type A/MPS IVA, Morguio Tyvpe
B/MPS IVE, MPS IX Hyvaluronidase Deficiency, MPS VI Maroteaux-Lamy, MPS VH Sy
Svadrome, Mucolipidosis I/Sialidosis, Mucolipdosis HIC and Mucolipidosis type IV,
mon208]  In other embodiments, the lysosomal storage discase is Pomype disease/glveogen

storage disease type I

foe0209] In some embodiments, the profeopathy 1s a retinal degenerative discase. Non-
fimiting cxamples of retinal degencrative discases inchude: retinttis pigmentosa, Leber's
congenttal Amaurosis, Syndronuc retinal degenerations, age~related macular degeneration
mohuding wet and dry age-related macular degeneration, and Usher Svndrome. In some
cmbodiments, the Usher Syndrome is 3 subtype of Usher Syadrome. In some embodiments,
the subtvpe 15 Usher 1. In some emabodiments, the subtype s Usher I Insome

embodiments, the subtype 1s Usher THL

o210} 1o a further embodument of the invention, a compound of the juvention can be
advunistered to a subject in need thereof for the treatment of hearing loss associated with
Usher Syndrome. In some embodiments, the Usher Syndrome 13 a subtype of Usher
Syadrome. In some embodients, the subtype is Usher I In some embodiments, the subtype
is Usher IE In some cmbodiments, the subtype 1s Usher L

{en2i1]  Additional iHlustrative proteopathics include, but are not limited {0, those disclosed

in Table 3.

Table 3, Tliustrative Proteopathies

roteopathy
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subacute scierosing panencephalitis

fead cncephalopathy

Parkinson’s dissase

ol-antiirypsin deficiency

£G7
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Familial British dementia, ABri (corebral anyvioid angiopathy}

al Danish dementia, Adan {cercbral amvloid angiopathy)

‘omeal factoferrin amyioidosis

FOR
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enunal ves

& Danon disease
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Fabry disease
Farber discase
Fucosidosis

Galactosialidosis

Metachromatic Leukodystrophy
Pscudo-Hurler polvdystrophy/Mucolipidosis HIA
MPS T Hurler Syndrome

MPS 1 Scheie Syndrome

Morquio Type A/MPS IVA

s Morquio Type B/MPS TV

£10
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MPS IX Hyalurosnidase Deficiency

antavaon-Haltia/Infantie CLNU/PPT disease

Beta~-mannosidosis

Saila dise
Tay-5Sachs/GM2 ganglicsidosis

Nolraan disease

Fid
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Cystic Fibrosis

gon212] Cysue Fibrosis {CF), also known as mucoviscidosis, 1s an autosomal recessive
discase that affects mostly the tungs but can also impact other organs, such as the pancreas,
frver, kidneys and intestines. The name “cvstic fibrosis™ refers (o the charactenistic fibrosis
and cysts that fora within the pancreas. The disease is characterized by difficolty
breathing and by coughing up sputum due to frequent hing mfections.

0062153 The most common mutation found w about 70% of CF suficrers worldwide 1s a
deletion of a phenylalamine residue at anming actd posttion 508 1o the 1480 amino acid cvstic
fibrosis transmembrane conductance regulator {CFTR) protein. This mutation causes
misfolding of the protein and its degradation by the cell. Other mutations of the CFTR protein
can reswlt in truncated versions of the CFTR protem because their production is ended
prematurcly. Still other muntations produce vutant CFTR proteins that do not use encrgy
normally; that do not allow chlonde, wodide or thioeyanate to cross the membrane nommally;
or that degrade at a faster rate than normal. CFTR protein mutations can also lead to fewer
copies of the CFTR protem being produced. A list of CFTR protein mutation classes and

tHustrative nwtations of each class arve disclosed in Table 4,

Tabie 4, CF mutation classes and illustrative mutations

CF mutation classes Hastrative mutafions

i WI282X, RS583X (5342X
if AF308, N1303K
G510, G351, G1349D
RI1I7H, R334W R347P
2789+30>A, A455E
120A23, N28TY, 431

fan0214]  Other CFTR protein mutations include GI78R, S549N, §549R, GI1244E, S1231N
and S1255P.

[800218] Accordingly, the present invention further provides methods for treating or
preventmg cystic fibrosis, comprising admunustering to a subject in necd thercof an effoctive
amount of a Pyvrazolopvridazine compound or a non-Pyrazolopyridazine compound. In some
embodiments, the subject has a CFTR protein mutation. In one embodiment, the sabject has
a ¢lass I CF mutation. In another ermbodiment, the subiect has a class I CF muotation. In

another cmbodument, the subject has a class HI CF nwtation. o another embodiment, the
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subject has a class IV CF muiation. In another cmbodiment, the subject has a ¢lass V CF
martation. fn another cmbodiment, the subject has a ¢lass VI CF nutation,

gonzisl In one embodiment, the mutation 1s WI282X, R333X or 542X In another
embodiment, the mutation 18 AF308 or N1303K. In another embodument, the matation i
GS518, G3518 or GI349D . In another embodiment, the mutation s RIT7TH, R334W or
R347P. In another embodiment, the mutation 18 2789+3G>A or A435E. In another
embodument, the mutation 1s 120423, N287Y, 4326A1TC or 427%nsA.

{800217] In one embodiment, the subject has one or more of the following mutations:
WIZE2X, RA53X, G542X, AFS08, NI303K, G5531D, G53518, G1349D, R1TTH, R334W,
R347P, 2789+3G> A, A4SSE, 120423, N28T7Y, 4326A1TC, 4279msA, G1T8R, S340N,
SS49R, G1244E, S1251N and 81255P.

Retinitis Pigmeniosa

{pn0218] Retinitis Pigmentosa (RP) 1s an mhenied, degenerative ove disease that causes
severe vision impatrment due to progressive degeneration of the rod photoreceptor cells in
the retina. The progressive rod degencration can be followed by abnormalitics m the adjacent
retinal pigment epithelium (RPE) and the deterioration of cone photoreceptor cells.

fpen2i9) There are nuittiple genes that, when mutated, can cause RP. Inhentance patterns of
RP have been identified as autosomal dominant, autosomal recessive, X-linked, and
maternally {(mitochondriallv}) acquired. X-linked RP can be cither rocessive, aftecting
primarily only males, or domunant, affecting both males and females. Some digenic
{controlled by two genes) and mitochondrial forms of RP are also known.,

[se0220] A nnutation of the gene for thodopsin, a pigment that plays an essential role 1o the
visual transduction cascade enabling vision in fow-light conditions, has been identitied. The
mutation substitutes a proline at amino acid position 23 to a histidine. The rhodopsin gene 13
a principal protein of photoreceptor outer segments and consists of opsin, a hght-sensitive
membrane-bound G protein-coupled receptor and a reversibly covalently bound cofactor,
retinal. Rhodopsin gene mutations most frequently follow autosomal dovunant mheritance
pattermns.

see221]  Up to 150 RP-associated opsin gene mutations have been reported since the P23H
outation n the intradiscal domain of the protein was first reported. These nustations are
found throughout the opsin geue and are disinbuted along the three domains of the protein

{the intradiscal, transmembrane, and cytoplasmic domains). Mutations in the opsin gene are
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most connonly missense mutations and cause misfolding of the rhodopsin protein. The
vuttation of amino acid 23 i the opsin gene, in which proling is replaced with bistidine,
accounts for the largest percentage of rhodopsin mutations o the United States. Other
mutations associated with RP mclade T38R, P347L, P3478, as well as deletion of He 253
The rare P2Z3A mutation causes autosomal dominant RP.

[poe2z2y A list of gones mutated v a subjoct having RP and the type of RP is prosented in
Table 5.

Table 5. Hiustrative Retinitis Pigmentosa types and genes affecied

Type

Retinitis pigmentosa- i

Retimiis pigmentosa-2

Retmiiis pigroentosa-3, Retinitis pigmentosa-
13, X-lnked

Retinitis pigroeniosa~-4

Retinitis pigmentosa-6, X-linked

Retimiis pigmentosa-7

L RPO Retinitis pigmentosa-9

LIMPDHI | Retinitis pigmentosa-10

PRPE31 Retiniiis pigmentosa-i1

| CRBI Retinitis pgmentosa~-12, avtosomal recessive

Retiutis pigmentosa-13

Retinitis pigmendosa-i4

Retinitis pigmentosa-17

Retimiis pigmeniosa-18

ABCA4 Retmiiis pigroentosa- 19

§ RPESS Retinitis pigmentosa-20

Retinitis pigreniosa-22

Retinitis pigmentosa-23

Retinitis pigmentosa-24, X-hnked

Retiniiis pi
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Retinitis pigmentosa-26

NRL

Retinitis pigmentosa-27

P FAMIGIA

Retinatis pigmentosa-28

L FSON2

Retinitts pigeniosa-30

| TOPORS

Retinitis prgmentosa-31

Retinitis pigmentosa-32

Retinitis pigmentosa~-33

| SNRNP2OG

Retingtis pigmentosa-34

, X-finked

| SEMA4A

Retinitis pigmentosa-33

Retinitis prgmentosa-36

Retinatis pigmentosa-37

Retiniiis pigmeniosa-38

Retinitis pigmentosa-39

Retuutis pigmentosa-40

Retinitis pigmendosa-4 1

Retinitis pigmentosa-42

Retimiis pigmentosa-43

Retmitis pigroentosa-44

Retuutis pigmentosa-45

Retinitis pigeniosa-46

Retinitis prgmentosa-47

GucaiB

Retuuis pigmentosa-48

| ONGAL

Retmitis pigroentosa-49

Retinitis pigmentosa-50

| BESTI

Retimiis pigmentosa-31

Retinitis pigmentosa-53

Retiutis pigmentosa-54

Retiniiis pigmeniosa-33

Retinitis pigmentosa-56

Retimitis pigmeniosa-37

PCT/US2016/036945
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Retinitis pigmentosa-38

Retinitis prgmentosa-59

Retuutis pigmentosa-60

Retinitis pigmentosa-61

Retinitis progmentosa-62

Retinatis pigmentosa-63, autosomal dominant

CBORKF3T ctinitis pigraeniosa~Hd

REP3 Retinitis pigmentosa-66

EKZ Retinitis pigmentosa-67

Retinitis prgmentosa-68

Retiatis pigmentosa-69

Retinitis pigmeniosa-70

Retinitis prgmentosa, aviosomal dominant

Retuuiis pigmentosa, juvenile

I SPATAT Retinitis pigacndosa, juventle, autosonal
" TOCeBSIVe

AIPLI Retinitis pigmentosa, juventle

FCRX Retinitis prgmentosa, auiosomal dominant

MT-TS82 Retinitis pigmentosa, nutochondrial

RLBPI Retinitis pigmendosa, Bothnia retinal
': dystrophy, Newfoundiand rod-cone dystrophy
Pigmentary retinal dystrophy

WDRI9 osomal recessive

{p80225]  Accordingly, the present mvention further provides methods for treating or
preventing retinitis pigmentosa, comprising administering to a subject in need thereof an
cffective amaount of a Pyrazolopynidazine compound or non-Pyrazolopyridazine compound.
o some emmbodiments, the subiect has an RP gene nustation,

fposzz4y  In one embodiment, the retinitis pigmentosa is autosomal dominant, antosomal
recessive, X-linked or mitochondrnally acquired.

poe225] o one cmbodiment, the retinitis pigmentosa (RP) s RP-1, RP-2, RP-3, RP-4, RP-4,
RP-7, RP-9 RP-10, RP-11, RP-12, RP-13, RP-14, RP-15, RP-17, RP-18, RP-19, RP-20, RP-
22 RP-23, RP-24 RP-25, RP-26, RP-27, RP-2§, RP-30, RP-31, RP-32 RP-33, RP-34, RP-
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33, RP-36, RP-37, RP-38, RP-39, RP-40, RP-41, RP-42, RP-43, RP-44, RP-45, RP-46, RP-
47, RP-48, RP-49, RP-50, RP-51 RP-53, RP-54, RP-55, RP-56, RP-37, RP-38, RP-539, RP-
60, RP-61, RP-62, RP-63, RP-64, RP-66, RP-67, RP-68, RP-69 or RP-7(

fposzze]  In onc embodiment, the sebject has a mutation in one or more of the following
genes: RP1, RPZ RPGR, RHO, ROMI, RPY, IMPDHI, PRPF31, (RBI1, PRPFS, TULPIL,
CA4, PRPE3, ABCA4, RPESS, OFD1, EYS, CERKL, NRL, FAMI6TA, FSCN2, TOPORS,
SNRNP200, SEMA4A, PRCD, NR2E3, MERTK, USH2A, PDE6B, PROMI, KLHL7Y,
PDEGA, RGRONGRBI, IDH3EB, SAG, GUCAILEB, UNGAL, BESTE, TTCS, RDHI2, CZorf7l,
ARLG, IMPG2, PDESG, ZNF313, DHDDS, PRPFS, CLRNL MAK, CBORF37, RBE3,
NEK2, SLCTA L4, KIZ, PRPF4, PRPH2, LRAT, SPATAT, AIPLL, CRX, MT-TS2, RLBEPI
and WDRIS,

Therapeutic or Frophviactic Uses

8002271 The Pyrazolopyridazine compounds and non-Pyrazolopyridazine compounds can be
administered to a subject as a component of a composition that comprises a pharmaceotically
acceptable carrier or vehicle. Nou-linuting examples of suitable pharmaceutical carriers or
vehicles mclude starch, glucose, Iactose, sucrose, gelatin, malt, rice, Hour, chalk, silica gel,
magnesiurm carbopate, magnesium stearate, sodivm stearate, glycerol monostearate, tale,
sodivm chlornide, dried skira milk, glveerah, propylene, glveol, water, ethanol, buffered water,
and phosphate buffered saline. These compositions can be adnunistered as, for example,
drops, solutions, suspensions, tablets, pills, capsules, powders, and sustained-release
formulations. In some embodiments, the compositions comprise, for example, lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gun acacia, calcium phosphate, alginates,
tragacanth, gelatin, calcium siheate, mucrocrystaliine cellulose, polyvinyipyrrolidone,
cellulose, water syrup, methyl cellulose, methyi and propyvihydroxybenzoates, tale,
magnesium stearate, and mineral oil. The compositions can additionally comprise
fubricating agents, wething agents, enuddsifying and suspending agents, preserving agents,
swectening agents or flavoring agents.

fse0228] The composiiions can comprise an effective amowunt of a Pyrazolopyndazine
compound or non-Pyrazolopyridazine compound. The compositions can be formulated na
unif dosage form that comprises an effective amount of a Pvrazolopyridazme compound or

non-Pyrazolopyridazine compound. In some embodiments, the compositions comprise, for
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example, from about 1 ng to about 1,000 mg of a Pyrarzclopyndazine compound or nog-
Pyrazolopyridazine compound. In sowe embodiments, the compositions comprise from
about 100 mg to about 10O g of a Pyrazolopyndazine compound or non-
Pyrazolopyndazine compound. In some embodiments, the compositions comprise from
about 100 mg to about 500 mg of a Pyrazolopyridazine compound or non-Pyrazclopyndazine
compound. In some embodiments, the compositions comprise from about 200 mg to about
300 mg of a Pyrazolopyridazine compound or non~Pyrazolopvridazine compound.

fseez28] The dosage of a Pyvrazolopyridazine compound or non-Pyrazolopyndazine
comapound can vary depending on the symptoms, age, and body weight of the subject, the
nature and severity of the proteopathy, the rouie of advuoistration, and the form of the
composition. The compositions described heroin can be adonistered n 2 single dose ormn
divided doses. In some embodiments, the dosage of a Pyrazolopvridazine compound or non-
Pyrazolopyvrdazine compound ranges from about 0.01 ng to about 10 g per kg body mass of
the subject, from about | ng to about 0.1 g per kg, or from about 100 ng to about 10 myg per
ke

fsaozae]  Admimsiration can be, for example. topical, imtraaural, intraocular, parenteral,
miravenous, infra-arierial, subcutancous, intramuscular, intracranial, indraorbital,
miraventricular, ntracapsular, mtraspinal, intracisternal, intraperitioneal, mtranasal, agrosol,
supposttory, or oraf. Formulations for oral use include tablets containing a
Pyvrazolopyridazine compound or non-Pvrazolopvridazine compound in a mixture with nson-
toxic pharmaceuticallv acceptable excipients. These excipicnts can be, for example, mnert
diluents or fillers {e.g., sucrose and sorbitol), hubricating agents, ghidants, and antiadhesives
{c.g., magunesiom stearate, zinc stearate, stearic acid, sibicas, hvdrogenated vegetabie oils, or
talc). Formulations for ocular use can be in the form of evedrops.

oa231] A Pyrazolopynidazine compound, non-Pyrazolopyridazine compound or
compositions thereof can be provided in lvophilized form for reconstituting, for instance, in
isotonic, agueous, or saline buffers for parenial, subcutaneous, intradermal, intramuscular, or
miravenous administration. A composition can also be m the form of a hqund preparation
ascful for oral, mtraaural, nasal, or sablingual admimstration, such as a suspension, syrap or
clixir. A composition can also be in a form suitable for oral administration, suchas a
capsule, tablet, pill, and chewable solid formulation. A composition can also be prepared as

a cream for dermal administration as a hguid, a viscous ligind, a paste, or apowder. A
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composition can also be prepared as a powder for pulmonary administration with or without
an acrosolizing component,

pon23z] The composiiions can be n oral, intraanral, miranasal, sublingual, intraduodenal,
subcutaneons, buceal, intracolonic, rectal, vaginal, mucosal, palmonary, transdermal,
mtradermal. parenteral, intravenous, mtramascular and ooular dosage forms as well as being
able to traverse the blood-brain barrier.

(a06223]  The compoumtions can be adounisiored by various means known n the ant. For
example, the compositions can be administered orally, and can be formulated as tablets,
capsules, granules, powders or svrups. Aliernatively, compositions can be administored
parenterally as injections (for example, intravenous, infranuscular or subcutaneous), drop
mfusion preparations or supposttonics. For ophthabmic apphication compositions can be
formudated as oye drops or eve omntments. Aural compositions can be formulated as ear
drops, ointments, creams, lpuds, gels, or salves for application 1o the ear, either mtemally or
superficially. These formulations can be prepared by conventional means, and the
compositions can be mixed with any conventional additive, such as an excipient, a binder, a
disinfegrating agent, a lubricant, a solubilizing agent, a suspension aid, an emolsifving agent,
ot a coating agent,

won234)]  Compostiions can nclude wetting agents, emulsitiers, and lubricants, coloring
agenis, rolcase agents, coating agents, sweetening, flavoring and perfuming agents,
preservatives and antioxidants.

{osozasy Compositions can be suitable, for example, for oral, intraaural, miraccular, nasal,
topical {imeluding buccal and sublingualy, rectal, vaginal, aerosol and/or parenteral
admuustration. The compositions can be provided in a unit dosage form, and can be
prepared by any methods knows in the art.

fpoazss) Formulations suitable for oral adnumistration may be in the form of capsules,
cachets, pills, tablets, lozenges, powders, granules, or as a sclation or @ suspension in an
aqueous or non-agqueons liguid, or as an oll-tn-water or water-in-oil igotd emulsion, or as an
clixir or syrup, or as pastities (using an inert base, such as gelatin and glveerin, or sucrose
and acacia. Compositions can also be admnstered as a bolus, electuary, or pasie.

[800227] Additional exarples of pharmaceutically acceptable carrters or vehicles melude:
{1} fillers or extenders, such as starches, lactose, sucrose, glucose, mamnttol, and/or sthcic
acid; (2) binders, such as carboxymethy! cellulose, algimates, gelatin, polyviny! pyrrolidone,

sucrose and/or acacia; {3) humectants, such as glyeerol; {4) dismtegrating agents, such as
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agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodum carbonate; {5) solution retarding agents, such as paraffin (6} absorption acceleraiors,
such as quaternary ammoniom compounds: {7} wetting agents, such as acety! alcohol and
glveerol monostearate; (8) absorbents, such as kaohn and bentomite clay: (9) lubricanis, such
as tale, calcnim stearate. magnesium stearate, solid polyethviene glveols, sodium lavryl
subfate, and mixtures thereof, (10} coloning agents; and (11) buffering agents. Similar
compositions can be emploved as fillers in soft- or hard-filled gelatin capsules.

pe023s] Liuad dosage forms for oral adnunistrapon include pharmaceutically acceptable
emulsions, nucroetulsions, gels, solutions, suspensions, syrups and clixirs. The hguid
dosage form can contain inert diluents commonly used in the art, for example, water or other
solvents, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropvi alechol, diethvl
carbonate, cthyl acetate, benzyl alcohol, benzyl benzoate, propylene giveol, 1 3-butyiene
glveal, oils such as, cottonsecd, groundnut, corn, gorm, olive, castor and scsame otls,
glveerol, tetrabvdrofuryl alcohol, polyethvlene glveols, fatty acid esters of sorbitan, and
muxtures thereof.

[oe0238]  Suspension dosage forms can contain suspending, for example, ethoxyviated
isostearvi alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
alumimum metahvdroxide, bentonite, agar-agar and tragacanth, and mixtures thercof.

fpoo240] The dosage forms for transdermal administration of a subject composition mclhude
drops, powders, sprays, owtments, pastes, creams, lotions, gels, solutions, and patches. The
ointments, pastes, creams, and gels can contain excipients, such as amimal and vegetable fats,
oils, waxes, paraffin, starch, tragacanth, cellulose denvatives, polvethylene glveols, silicones,
bentoniie, silicic acid, tale and zinc oxide, or mixtures thereof,

men241] Powders and spravs can contain excipients such as lactose. tale, silicic acid,
aluminum hvdroxide, calcium silicates, polvamide powder, or mixturcs thereof. Spravs may
additionally contain costomary propellants, such as chlorofluorohydrocarbons and volatile
unsubstituted hvdrocarbons, such as butane and propane.

fposz42) Compositions can be adnunistered by aerosol of solid particles. A non-agueous
{¢.g., Huorocarbon propellant) suspension could be used. Sonie nebulizers can be used
because thoy minimize exposure o shear, which might cavse degradation.

0082431 An aqueous acrosol can be made by formulating an aqueous solution or suspension
of a Pyrazolopynidazine compound or non-Pyrazolopynidazine compound with any

conventional pharmaceutically accoptable carriers or vehicles sach non-ionmc sarfactants
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{Tweens, Pluronies, or polyethviene glyeol); proteins such as serum albumin sorbitan esters;
fatty acids; lecithin, amima acids; buffers; salts; sugars; or sugar alcohols.

poa244)  Compositions suttable for parenteral admunistration comprise a Pyrazolopyndazine
compound or non-Pyrazolopyridazine compound and one or more pharmacentically
acceptable sterile isotonic agueous or non-agueous solutions, dispersions, suspensions, or
cmulsions, or stertie powders which can be reconstituted into stertle mjectable solutions or
dispersions just prior to use, which can contain antioxidants, butters, bactenostats, or solutes,
which render the formulation isotonic with the blood of the sabject, and suspending or
thickening agents.

foo0245] Having descnbed the mvention with reference fo certain embodiments, other
embodiments will become apparent to one skilled in the art from consideration of the
specification and claims. It will bo apparent to those skiled in the art that maay
modifications, both to matenals and methods, may be practiced without departing from the

scope of the mvention.

INCORPORATION BY REFERENCE

fan0248]  Hach reference disclosed in this application 1s incorporated by reference herein m its

entirety.
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CLAIMS

1. Use of an effective amount of a compound of Formula II:

Formula II

or a pharmaceutically acceptable salt thereof,

wherein Hal is —Cl, —F, —I, or —Br;

X is an integer ranging from 0 to 5;

each R, is independently —Cl, —F, —I, —Br, —C;-Cj alkyl, —O- C;-C; alkyl, —-CN, —CF3,
—C(O)NH(CH3), or -C=CCH,OH;

y is an integer ranging from 0 to 5;

each R; is independently —Cl, —F, —Br, —C;-C; alkyl, —O- C;-C; alkyl, -CN, —CF;3,
—C(O)NH(CH3), or -C=CCH,0OH;

R3is —H, —C,-Cs alkyl, —(C;-Cs alkylene)-OH, —(C;-Cs alkylene)-phenyl,

—(C;-Cg alkylene)-O-(C;-Cg alkyl), —C,-C¢ alkenyl, —(C;-C¢ alkylene)-C(O)Ry4,

Yy T
—(C,-Cg alkylene)-Rs, ~ CHs o, or :

b 9

R4 is —OH, —O—(Cl—C6 alkyl), —NHo,, —NH(Cl—Cé alkyl), —NH((CI—Cé alkylene)—OH),
“NH((C;-Cs alkylene)N(C;-Cs alkyl),), —-N(C;-Cy alkyl)((C;-Cs alkylene)-CN),
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—N(C;-Cg alkyl)((C;-Cg alkylene)N(C;-Cg alkyl),), -NH(C;-Cs alkylene)-O-(C;-Cg alkyl),

v\ NH

~ ", CHy .
H
S
NH
NH\/\/NH W /&
o TN
O b 9
VMNH /CHa
Many VLL\N VL]'"N
N
_ N S
. "y \o , (OH),
Moy Ty 3?‘
%H/\Eﬁ k/\ K/\ HN\Q
N—_
N , (CN), [IN(CHo)zla et
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N
(0]
VLL‘N VLL‘N VLI”N
N——CHs; k/ |\/ \\/
NH (0]
HsC , , , ©Hy  or
2,

]

—F .

a is an integer ranging from 0 to 10;
b is an integer ranging from 0 to §;

c is an integer ranging from 0 to 6; and

, /ﬁ %N/ﬁ %N/S %N/YO
N
Rs is K/O k/ \\/\(OH)b’ or K/N

CHs \CH3 .

b b

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

2. The use of a compound or pharmaceutically acceptable salt of claim 1, wherein the

compound has the structure:
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107:

110;

Rs3

Formula III
or a pharmaceutically acceptable salt thereof,
wherein Hal is —Cl, —F, —I, or —Br;
X is an integer ranging from 0 to 5;
each R; is independently —Cl, —F, —I, —Br, —C;-C; alkyl, —O- C;-C; alkyl, —CN, —CF3,
—C(O)NH(CH3), or -C=CCH,0H;
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Rj3is —H, —C,-Cs alkyl, —(C;-Cs alkylene)-OH, —(C;-Cg alkylene)-phenyl, —(C,-C¢ alkylene)-

O-(C;-Cg alkyl), —C,-Cg alkenyl, —(C;-Cs alkylene)-C(O)R4, —(C;-Cg alkylene)-Rs, ﬁ,

bo
or ,

b

R4 is —OH, —O-(C;-C; alkyl), -NH,, -NH(C,-Cs alkyl), -NH((C,-C¢ alkylene)-OH),
—NH((Cl—C6 alkylene)N(Cl—C6 alkyl)z), —N(Cl—C6 alkyl)((Cl—Cé alkylene)—CN), —N(CrCs
alkyl)((C;-Cg alkylene)N(C;-Cg alkyl),), -NH(C,-C¢ alkylene)-O-(C;-Cg alkyl),

NH /N \IO
—N %N
%N/ﬁ K/
K/ N CHj
o | \r
-o/ \CH3 CHj

H (6]
o b
RN CH,
\_\ ey W, /ﬁ . /j
N
N
O O K/S:O ‘\/
° , \CH3’ , (OH)a,
T T
%H/\Ei K/\ K/\ HN
N—_
7 , (CN), [NCHo)zla et
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J\,\x V’*'u
c. a N L
\<Hal>b ,

QHH T,

2,

| ]
|—\(F)C :
a is an integer ranging from 0 to 10;

b is an integer ranging from O to §;

c is an integer ranging from 0 to 6;

%N/ﬁ %N/\ VLL’N/S %N/YO
N
Rs is K/O K/ \\/\(OH)b’ or K/N

™~
CHs | CHs: and

9

each Rgand R is independently —H or —I, wherein at least one of R¢ and R; is —I,
and wherein when R3is —C;-C; alkyl, then Ry is —H.

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

4. The use of a compound or pharmaceutically acceptable salt of claim 3, wherein the

compound has the structure:

5. Use of an effective amount of a compound of Formula IV:
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Formula IV
wherein Rg is —C-Cs alkyl;
or a pharmaceutically acceptable salt thereof,

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

6. The use of a compound or pharmaceutically acceptable salt of claim 5, wherein the

compound has the structure:

Formula V

or a pharmaceutically acceptable salt thereof,

wherein R, is:
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R, is:
LS
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NH

. E\\ ch—N\§ @ | "()\l NQ(F.

H; OH - CH3 ;

o)\r\\li/\ Lo

\(Hal)a . HaC o

Hal is —Cl, —F, -1, or —Br;
andais 0, 1, or 2,

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

8. The use of a compound or pharmaceutically acceptable salt of claim 7, wherein the

compound has the structure:
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9. Use of an effective amount of a compound of Formula VI:

\
R3

Formula VI
or a pharmaceutically acceptable salt thereof,

wherein Rj is:

bisOor 1; and

cis1lor2,

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

10. The use of a compound or pharmaceutically acceptable salt of claim 9, wherein the

compound has the structure:
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Vla:

Vic:

VIf:
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VIr
Viu:

142

11. Use of an effective amount of a compound of Formula VII:

VIx:



CH,
Formula VII

or a pharmaceutically acceptable salt thereof,
B =
wrs oA T A
wherein Ryis % ; sor T )

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

12. The use of a compound or pharmaceutically acceptable salt of claim 11, wherein the

compound has the structure:

VIla

VIId:

13. Use of an effective amount of a compound of Formula XIII:

Formula XIII

or pharmaceutically acceptable salt thereof,

wherein Rs is:
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, H H H
CHs. . . . . . .

b b

Hal is —Cl, —F, -1, or —Br; and
ais0, 1, or2,

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

14. The use of a compound or pharmaceutically acceptable salt of claim 13, wherein the salt
H H H

N

HCO,” HCO," HCO,
and Rg 1s ; 5 ;

H H H

S

@ HCO, @ HCO,” @ HCO,
. , or .

3 b

15. The use of a compound or pharmaceutically acceptable salt of claim 13, wherein the

compound has the structure:

XIIIb: N CH,
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XIlIs:

XIIIv:

Xlly:

16. The use of a compound or pharmaceutically acceptable salt of claim claim 13, wherein

the pharmaceutically acceptable salt has the structure:

wH
Xllla: é HCO; ™
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17. Use of an effective amount of a compound of Formula XIV:

Formula XIV

or a pharmaceutically acceptable salt thereof,

wherein R is:

bisOor1; and
cislor2,

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

18. The use of a compound or pharmaceutically acceptable salt of claim 17, wherein the

compound has the structure:

XIVa:
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19. Use of an effective amount of a compound of Formula XV:

Formula XV
or a pharmaceutically acceptable salt thereof,

wherein Rgis:

P;»[ piFeRtey

b

NG S s s m
H‘N/l; ijli @; N\/%H'Or o N

in the manufacture of a medicament for the treatment or prevention of a proteopathy.

20. The use of a compound or pharmaceutically acceptable salt of claim 19, wherein the

compound has the structure:
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XVm: CHs

21. The use of an effective amount of a compound having the structure:

44: ; 112: f— ;

113:

116:
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119:

\
122: CHs ; 123: CH; . ora pharmaceutically
acceptable salt thereof in the manufacture of a medicament for the treatment or prevention of

a proteopathy.

22. The use of an effective amount of a compound having the structure:

Cl o cH, Br cH,
N N
| N | N
N. = N\ N\N/ N\
114: CHs. 115: CHs. ora pharmaceutically acceptable salt

thereof in the manufacture of a medicament for the treatment or prevention of a proteopathy.

23. The use of a compound or a pharmaceutically acceptable salt of any one of claims 1, 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21 or 22, wherein the proteopathy is

a neurodegenerative disease.

24. The use of a compound or a pharmaceutically acceptable salt of claim 23, the
neurodegenerative disease is Alzheimer’s disease, progressive supranuclear palsy, dementia
pugilistica, frontotemporal dementia and parkinsonism linked to chromosome 17 (FTDP-17),

Lytico-Bodig disease, tangle-predominant dementia, ganglioma, gangliocytoma,
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meningioangiomatosis, subacute sclerosing panencephalitis, lead encephalopathy, tuberous
sclerosis, Hallervorden-Spatz disease, lipofuscinosis, Pick’s disease, corticobasal
degeneration, argyrophilic grain disease, Huntington’s disease, Parkinson’s disease, dementia
with Lewy bodies, multiple system atrophy, neuroaxonal dystrophies,
dentatorubralpallidoluysian atrophy (DRPLA), spinal-bulbar muscular atrophy (SBMA),
spinocerebellar ataxia 1 (SCA 1), SCA 2, SCA 3, SCA 6, SCA 7, SCA 17, prion disease,
amyotrophic lateral sclerosis, frontotemporal lobar degeneration (FTLD) or familial

encephalopathy with neuroserpin inclusion bodies (FENIB).

25. The use of a compound or a pharmaceutically acceptable salt of any one of claims 1, 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21 or 22, wherein the proteopathy is

an amyloidosis.

26. The use of claim 25, wherein the amyloidosis is familial British dementia (ABri), familial
Danish dementia (ADan), hereditary cerebral haemorrhage with amyloidosis-Icelandic
(HCHWA-I), familial amyloidotic neuropathy (ATTR), AL (light chain) primary systemic
amyloidosis, AH (heavy chain) amyloidosis, AA secondary amyloidosis, A} amyloidosis,
aortic medial amyloidosis, LECT2 amyloidosis, AIAPP amyloidosis, apolipoprotein Al
amyloidosis (AApoAl), apolipoprotein AIl amyloidosis (AApoAll), apolipoprotein AIV
amyloidosis (AApoAlIV), familial amyloidosis of the Finnish type (FAF), fibrinogen
amyloidosis (AFib), lysozyme amyloidosis (ALys), dialysis amyloidosis (AB,M), medullary
thyroid carcinoma (ACal), cardiac atrial amyloidosis (AANF), pituitary prolactinoma (APro),
hereditary lattice corneal dystrophy, cutaneous lichen amyloidosis (AKer), Mallory bodies,
primary cutaneous amyloidosis, corneal lactoferrin amyloidosis, odontogenic (Pindborg)

tumor amyloid or seminal vesicle amyloid.
27. The use of a compound or a pharmaceutically acceptable salt of any one of claims 1, 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21 or 22, wherein the proteopathy is

a lysosomal storage disease.

28. The use of claim 27, wherein the lysosomal storage disease is a muco-polysaccharidosis

disorder.
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29. The use of claim 28, wherein the mucopolysaccharidosis disorder is Pseudo-Hurler
polydystrophy/Mucolipidosis IIIA, MPS I Hurler Syndrome, MPS I Scheie Syndrome, MPS 1
Hurler-Scheie Syndrome, MPS II Hunter syndrome, Sanfilippo syndrome Type A/MPS III A,
Sanfilippo syndrome Type B/MPS III B, Sanfilippo syndrome Type C/MPS III C, Sanfilippo
syndrome Type D/MPS III D, Morquio Type A/MPS IVA, Morquio Type B/MPS IVB, MPS
IX Hyaluronidase Deficiency, MPS VI Maroteaux-Lamy, MPS VII Sly Syndrome,
Mucolipidosis I/Sialidosis, Mucolipidosis IIIC or Mucolipidosis type V.

30. The use of claim 27, wherein the lysosomal storage disease is Pompe disease/glycogen

storage disease type II.

31. The use of claim 27, wherein the lysosomal storage disease is activator deficiency/GM2
gangliosidosis, alpha-mannosidosis, aspartylglucosaminuria, cholesteryl ester storage
disease,chronic Hexosaminidase A Deficiency, cystinosis, Danon disease, Fabry disease,
Farber disease, fucosidosis, galactosialidosis, Gaucher Disease Type I, Gaucher Disease Type
II, Gaucher Disease Type III, GM1 gangliosidosis infantile, GM1 gangliosidosis late
infantile/juvenile, GM1 gangliosidosis adult/chronic, [-Cell disease/Mucolipidosis II,
Infantile Free Sialic Acid Storage Disease/ISSD, Juvenile Hexosaminidase A Deficiency,
Krabbe disease infantile onset, Krabbe disease late onset, lysosomal acid lipase deficiency
early onset, lysosomal acid lipase deficiency Late onset, Metachromatic Leukodystrophy,
Pseudo-Hurler polydystrophy/Mucolipidosis IIIA, MPS I Hurler Syndrome, MPS I Scheie
Syndrome, MPS I Hurler-Scheie Syndrome, MPS II Hunter syndrome, Sanfilippo syndrome
Type A/MPS 1III A, Sanfilippo syndrome Type B/MPS III B, Sanfilippo syndrome Type
C/MPS 1III C, Sanfilippo syndrome Type D/MPS III D, Morquio Type A/MPS IVA, Morquio
Type B/MPS IVB, MPS IX Hyaluronidase Deficiency, MPS VI Maroteaux-Lamy, MPS VII
Sly Syndrome, Mucolipidosis I/Sialidosis, Mucolipidosis IIIC, Mucolipidosis type IV,
Multiple sulfatase deficiency, Niemann-Pick Disease Type A, Niemann-Pick Disease Type
B, Niemann-Pick Disease Type C, CLNG6 disease-atypical late infantile, CLN6 disease-late
onset variant, CLNG6 disease-early juvenile, Batten-Spielmeyer-Vogt/Juvenile NCL/CLN3
disease, Finnish Variant Late Infantile CLNS5, Jansky-Bielschowsky disease/Late infantile
CLN2/TPP1 Disease, Kufs/Adult-onset NCL/CLN4 disease, Northern Epilepsy/variant late
infantile CLNS, Santavuori-Haltia/Infantile CLN1/PPT disease, Beta-mannosidosis, Pompe
disease/glycogen storage disease type II, Pycnodysostosis, Sandhoff disease/Adult
Onset/GM2 Gangliosidosis, Sandhoff disease/GM2 gangliosidosis — Infantile, Sandhoff
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disease/GM2 gangliosidosis — Juvenile, Schindler disease, Salla disease/Sialic Acid Storage

Disease, Tay-Sachs/GM2 gangliosidosis or Wolman disease.
32. The use of a compound or a pharmaceutically acceptable salt of any one of claims 1, 2, 3,
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21 or 22, wherein the compound or

pharmaceutically acceptable salt binds to a molecular chaperone.

33. The use of claim 32, wherein the molecular chaperone is a member of the Hsp10 family,

Hsp40 family, Hsp60 family, Hsp70 family, Hsp90 family, or Hsp100 family.
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